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Abstract—A reaction between VOSO4, 2,6-diacetylpyridine, and nicotinohydrazide in a molar ratio of 1 : 1 :
2 afforded two complexes differing in both color and crystal shape as well as in chemical composition and
molecular structure. The compositions and structures of the vanadium complexes were determined by IR
spectroscopy and X-ray diffraction (CIF files CCDC nos. 1411235 (I) and 1411236 (II)). These complexes can
be formulated as [ (H2L)2](NO3)4 ⋅ H2O (I) and [VIV(=O)(H2L)(SO4)] ⋅ 5H2O (II), where H2L is 2,6-dia-
cetylpyridine bis(nicotinylhydrazone). Complex I consists of centrosymmetric dinuclear complex cations
[V2(H2L)2]4+,  anions, and crystal water molecules in a ratio of 1 : 4 : 1; complex II is built from molec-
ular V(IV) complexes and crystal water molecules in a ratio of 1 : 5. The coordination polyhedron of the metal
atom in I is a tetragonal pyramid made up of the electron-donating atoms N3O2 of two ligands H2L. The coor-
dination polyhedron of the metal atom in II is a pentagonal bipyramid made up of the electron-donating
atoms N3O2 of one neutral five-coordinate ligand H2L and two O atoms coming from the oxo ligand and the

 anion coordinated in a monodentate fashion.

DOI: 10.1134/S1070328416030015

INTRODUCTION

Transition metal complexes with polydentate
Schiff bases are promising objects of coordination
chemistry [1, 2]. The design of polydentate organic
ligands is known to often involve activation of certain
functional groups in molecules during their coordina-
tion, because chelation to a complexing ion is thermody-
namically more favorable than monodentate coordina-
tion of individual ligands containing the same electron-
donating atoms. Nitrogen-containing ligands are mostly
synthesized by matrix-assisted reactions [3]. In our stud-
ies, we used vanadyl(II) as a central ion: vanadium still
remains an attractive metal for coordination chemists,
not least because this element is found at active sites of
several enzymes (e.g., peroxidase [4]). To understand
better the function of this metal in living organisms, the
structures, reactivities, and spectroscopic and catalytic
properties of many vanadium complexes are being inves-
tigated [5–10].

A reaction of vanadyl(II) sulfate (VOSO4) with 2,6-
diacetylpyridine and nicotinohydrazide in a molar
ratio of 1 : 1 : 2 gave crystalline complexes of two types
containing a ligand assembled by condensation of the
two organic molecules. The compositions of the crys-
tals were roughly determined by IR spectroscopy; their
exact compositions and structures were identified by

X-ray diffraction: [ (H2L)2](NO3)4 ⋅ H2O (I) and
[VIV(=O)(H2L)(SO4)] ⋅ 5H2O (II), where H2L is the
Schiff base 2,6-diacetylpyridine bis(nicotinylhydra-
zone).

A survey of the Cambridge Structural Database
(CSD) [11] revealed several mononuclear transition
metal complexes with a ligand of this class; they
mainly feature benzoic [12–14] or picolinic acid
hydrazones [15, 16] as terminal fragments. Note that
the CSD contains only vanadium complexes with
salicylaldehyde benzoylhydrazone and salicylaldehyde
nicotinylhydrazone [17, 18].

EXPERIMENTAL
Synthesis of H2L. A mixture of 2,6-diacetylpyridine

and isonicotinohydrazide was refluxed in methanol
for 3 h. The condensation product (ligand H2L) was
used for comparative analysis of vanadium complexes
I and II by IR spectroscopy.

IR (cm–1): 3400 br. w, 3182 m, 3100–2800 (seven
bands) w, 1663 s, 1614 m, 1591 m, 1567 s, 1518 m, 1487
m, 1443 m, 1416 s, 1385 s, 1375 m, 1327 m, 1299 m,
1280 m, 1258 m, 1196 m, 1161 s, 1139 m, 1119 m, 1087
m, 1030 m, 994 w, 950 w, 931 w, 916 w, 864 w, 815 m,

II
2V

3NO−

2
4SO −

II
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792 m, 766 w, 735 s, 701 s, 677 w, 667 w, 656 w, 642 m,
627 w, 598 w, 585 w, 536 w, 508 w, 432 w, 421 w.

Synthesis of complexes I and II. Vanadyl sulfate tri-
hydrate (0.11 g, 0.5 mmol) was dissolved in ethanol–
water (5 : 2 v/v, 14 mL) (solution 1). 2,6-Diacetylpyr-
idine (0.08 g, 0.5 mmol) was dissolved in ethanol
(10 mL) (solution 2). Nicotinohydrazide (0.14 g,
1 mmol) was dissolved in ethanol (20 mL)
(solution 3). Solutions 1 and 2 were simultaneously
added to continuously stirred solution 3. The dark
brown reaction mixture was heated (50°C) under
reflux for 3 h, filtrated, and left for room-temperature
crystallization in air. After 24 h, dark brown product I
began to form as fine crystals and so did larger ruby
crystals of complex II after two weeks; the latter were
suitable for X-ray diffraction.

Complex I. IR (cm–1): 3373 m, 3188 m, 3084 m,
2410 br. w, 1924: br. w, 1661 w, 1616 m, 1593 s, 1584 s,
1525 s, 1510 s, 1485 w, 1442 w, 1414 m, 1374 s, 1277 m,
1196 m, 1165 s, 1145 s, 1118 s, 1095 s, 1047 s, 1028 s,
1000 m, 968 s, 917 m, 868 w, 829 w, 810 m, 768 w, 715

s, 695 m, 642 m, 583 m, 553 m, 515 w, 505 w, 467 m,
457 m.

X-ray diffraction study. Experimental sets of ref lec-
tion intensities for complexes I and II were collected at
room temperature on an Xcalibur E diffractometer
equipped with a CCD detector (MoKα radiation,
graphite monochromator). Structures I and II were
solved by direct methods and refined by the least-
squares method, mainly in an anisotropic full-matrix
approximation for non-hydrogen atoms (SHELX-97)
[19]. The hydrogen atoms of water molecules were
located partially in difference electron-density maps
and partially from theoretical considerations because
the water molecules in both complexes are disordered
over several positions. In structure I, the NO3

– anions
are also disordered. The other hydrogen atoms were
located geometrically and refined isotropically using a
rigid body model with UH = 1.2Uequiv or 1.5Uequiv (Uequiv
relate to the parent O, N, and C atoms).

Crystallographic parameters and the data collec-
tion and refinement statistics for structures I and II are

Table 1. Crystallographic parameters and the data collection and refinement statistics for structures I and II

Parameter
Value

I II

Molecular formula C42H39N18O17V2 C21H29N7O12SV
M 1169.79 654.51
Crystal system Monoclinic Monoclinic
Space group C2/c P21/n
a, Å 17.1607(16) 10.7647(4)
b, Å 28.3964(13) 9.9740(5)
c, Å 14.1062(13) 25.4131(9)
β, deg 127.368(15) 91.485(3)
V, Å3 5463.1(8) 2727.6(2)
Z 4 4
ρcalcd, g/cm3 1.422 1.594

μ, mm–1 0.426 0.516
F(000) 2396 1356
Crystal dimensions, mm 0.2 × 0.12 × 0.08 0.15 × 0.12 × 0.09
θ Scan range, deg 2.99–25.00 3.02–25.05
Ranges of h, k, l indices –13 ≤ h ≤ 20 –12 ≤ h ≤ 12

–27≤ k ≤ 33 –10 ≤ k ≤ 11
–16 ≤ l ≤ 16 –30 ≤ l ≤ 29

Number of measured/unique reflections (Rint) 10020/4430 (0.0497) 8778/4798 (0.0576)
Number of ref lections with I >2σ(I) 1966 2872
Number of parameters refined 367 406
GOOF 1.008 1.014
R factor (I >2σ(I)) R1 = 0.0808, wR2 = 0.2013 R1 = 0.0674, wR2 = 0.1240
R factor (for all reflections) R1 = 0.1551, wR2 = 0.2182 R1 = 0.1242, wR2 = 0.1481

Δρmax, Δρmin, e Å–3 0.723, –0.538 0.405, –0.560
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Table 2. Selected bond lengths and bond angles in structures I and II

Bond
d, Å

Bond
d, Å

I II I II

V(1)–O(1) 1.982(5) 1.985(3) N(1)–C(5) 1.338(10) 1.329(5)

V(1)–O(2) 2.146(6) 1.971(3) N(2)–N(3) 1.397(8) 1.394(5)

V(1)–O(3) 2.094(3) N(3)–C(7) 1.284(8) 1.292(5)

V(1)–O(7) 1.594(3) N(4)–C(8) 1.386(9) 1.334(6)

V(1)–N(3) 1.918(6) 2.125(4) N(4)–C(12) 1.349(9) 1.338(6)

V(1)–N(4) 2.138(6) 2.129(4) N(5)–C(13) 1.312(9) 1.288(5)

V(1)–N(5) 1.986(7) 2.122(4) N(5)–N(6) 1.386(9) 1.368(5)

O(1)–C(6) 1.290(8) 1.288(5) N(6)–C(14) 1.328(10) 1.292(5)

O(2)–C(14) 1.278(10) 1.291(5) N(7)–C(18)/C(16) 1.15(3) 1.335(6)

N(1)–C(4) 1.319(12) 1.334(7) N(7)–C(19)/C(17) 1.27(1) 1.342(6)

Angle
ω, deg

Angle
ω, deg

I II I II

O(1)V(1)O(2) 106.2(2) 72.1(1) C(8)N(4)C(12) 117.6(6) 120.0(4)

O(1)V(1)O(3) 87.5(1) C(8)N(4)V(1) 108.3(5) 120.2(3)

O(1)V(1)O(7) 97.7(2) C(12)N(4)V(1) 130.6(5) 119.8(3)

O(1)V(1)N(3) 80.3(2) 72.2(1) C(13)N(5)N(6) 118.6(7) 119.2(4)

O(1)V(1)N(4) 156.6(2) 142.5(1) C(13)N(5)V(1) 125.4(5) 123.6(3)

O(1)V(1)N(5) 95.5(3) 144.0(2) N(6)N(5)V(1) 115.9(6) 117.2(3)

O(2)V(1)O(3) 89.0(1) C(14)N(6)N(5) 111.6(8) 108.8(4)

O(2)V(1)O(7) 97.3(2) C(6)O(1)V(1) 109.5(4) 118.4(3)

O(2)/O(2)#V(1)N(3) 114.0(2) 144.1(1) C(14)O(2)V(1) 107.8(6) 119.3(3)

O(2)/O(2)#V(1)N(4) 90.6(2) 143.3(2) N(1)C(4)C(3) 120.9(10) 119.9(5)

O(2)/O(2)#V(1)N(5) 77.7(3) 72.4(1) N(1)C(5)C(1) 121.0(9) 119.8(5)

O(3)V(1)O(7) 172.9(1) O(1)C(6)N(2) 125.3(7) 124.7(4)

O(3)V(1)N(3) 85.7(1) O(1)C(6)C(1) 118.4(7) 116.5(4)

O(3)V(1)N(4) 82.9(1) N(2)C(6)C(1) 116.3(7) 118.8(4)

O(3)V(1)N(5) 85.4(1) N(3)C(7)C(8) 112.9(7) 111.4(4)

O(7)V(1)N(3) 91.2(2) N(3)C(7)C(21) 124.7(7) 124.2(5)

O(7)V(1)N(4) 90.0(2) N(4)C(8)C(9) 121.2(7) 121.2(5)

O(7)V(1)N(5) 93.1(2) N(4)C(8)C(7) 114.6(6) 113.7(4)

N(3)V(1)N(4) 78.0(3) 71.1(2) N(4)C(12)C(11) 123.4(7) 121.1(5)

N(3)V(1)N(5) 168.2(3) 142.1(2) N(4)C(12)C(13) 117.6(7) 113.8(4)

N(4)V(1)N(5) 104.3(3) 71.3(2) N(5)C(13)C(12) 115.0(7) 111.4(4)

C(4)N(1)C(5) 121.4(10) 122.4(5) N(5)C(13)C(20)/C(21) 121.2(8) 125.2(5)

C(6)N(2)N(3) 108.3(6) 105.6(4) O(2)C(14)N(6) 125.5(8) 121.8(5)

C(7)N(3)N(2) 121.2(6) 117.8(4) O(2)C(14)C(15) 121.1(10) 117.6(4)

C(7)N(3)V(1) 122.3(5) 123.5(3) N(6)C(14)C(15) 113.4(10) 120.6(5)

N(2)N(3)V(1) 116.3(5) 118.7(3)
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Table 3. Geometrical parameters of the intermolecular hydrogen bonds in structures I and II

D–H…A Distance, Å Angle DHA, 
deg Symmetry operation for A

I

N(1)−H(1)…O(2N) 0.86 1.86 2.72(2) 171 x, y, z + 1

N(1)−H(1)…O(2NA) 0.86 1.78 2.60(2) 161 x, y, z + 1

N(1)−H(1)…O(1NB) 0.86 2.07 2.84(3) 150 x, y, z + 1

N(1)−H(1)…O(3NB) 0.86 2.14 2.85(4) 139 x, y, z + 1

N(7)−H(1)…O(4N) 0.86 2.24 3.08(3) 165 x, y, z

N(7)−H(1)…O(4NA) 0.86 1.86 2.63(2) 149 x, y, z

O(3w)−H(1)…O(4N) 0.84 2.01 2.85(6) 174 x + 1/2, –y + 1/2, z – 1/2

O(3w)−H(21)…O(1N) 0.79 2.03 2.81(6) 172 x, y, z

II

N(1)−H(1)…O(4) 0.86 1.89 2.734(6) 168 –x + 1, –y + 1, –z + 1

O(1w)–H(1)…O(5) 0.85 2.00 2.850(5) 175 –x + 3/2, y – 1/2, –z + 1/2

O(1w)–H(2)…O(7w) 0.86 2.42 3.20(2) 152 –x + 3/2, y – 1/2, –z + 1/2

O(2w)−H(1)…O(6) 0.85 2.05 2.842(6) 152 x, y, z

O(2w)−H(2)…O(4) 0.86 2.10 2.928(5) 161 –x + 1/2, y – 1/2, –z + 1/2

O(3w)−H(1)…O(2w) 0.86 2.07 2.898(6) 160 x – 1/2, –y + 1/2, z + 1/2

O(3w)−H(2)…N(7) 0.85 1.96 2.810(6) 176 x, y, z

O(4w)−H(1)…O(2w) 0.84 2.03 2.86(1) 167 x, y, z

O(4w)−H(2)…O(1w) 0.85 2.17 2.966(9) 156 x, y, z

O(5w)−H(1)…O(5) 0.86 2.06 2.83(5) 149 –x + 3/2, y – 1/2, –z + 1/2

O(5w)−H(2)…O(7w) 0.85 2.20 3.02(5) 165 x, y, z

O(5w)−H(2)…O(4w) 0.85 2.20 3.01(4) 161 x, y, z

O(6w)−H(1)…O(5) 0.85 2.03 2.85(3) 162 –x + 3/2, y – 1/2, –z + 1/2

O(6w)−H(2)…O(7w) 0.86 2.16 2.94(4) 152 x, y, z

O(6w)−H(2)…O(4w) 0.86 2.06 2.90(3) 165 x, y, z

O(7w)−H(1)…O(1w) 0.88 1.81 2.42(2) 125 x, y, z

O(7w)−H(1)…O(6w) 0.81 2.21 2.94(4) 151 x, y, z

O(8w)−H(1)…O(1) 0.88 2.50 3.17(3) 134 x + 1/2, –y + 1/2, z – 1/2

O(8w)−H(2)…O(5) 0.89 2.09 2.77(3) 133 –x + 3/2, y – 1/2, –z + 1/2

summarized in Table 1; selected bond lengths and
bond angles are listed in Table 2. The geometrical
parameters of intermolecular hydrogen bonds are
given in Table 3. The atomic coordinates and thermal
parameters for structures I and II have been deposited
with the Cambridge Structural Database (CCDC
nos. 1411235 (I) and 1411236 (II); deposit@ccdc.
cam.ac.uk or http://www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION
In the IR spectrum of H2L, an easily identified

medium-intensity band at 3182 cm–1 is due to the NH

stretching vibrations [20]. This band is of importance
in determining the state of the ligand H2L in com-
plexes I and II because the migration of the labile H
atom to the carbonyl group changes the ligand from
the ketone tautomer to an enol and its further migra-
tion to the heterocyclic N atom of the hydrazine frag-
ment changes the ligand to the zwitterionic form. A set
of seven bands with different (from medium to weak)
intensities at 3100–2800 cm–1 are due to the C–H
stretching vibrations. A band at 1663 cm–1 (ν(C=O)
stretches, amide I), which is the most intense and
informative in the spectrum, shows whether this car-
bonyl group is involved in the coordination to the
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metal center or/and is enolized to form a C–O bond.
The medium-intensity band at 1614 cm–1 is indicative
of the ν(CN) vibrations of the heterocycle. The vibra-
tions of the pyridine ring are manifested as a set of
bands at 1617 cm–1 (complex-shaped), 1567 (com-
plex-shaped), 1486, and 792 cm–1 [21]. The medium-
intensity bands at 1591 cm–1 are due to the ν(C=N)
stretching vibrations of the azomethine group. The
vibrations of the group amide II (δ(NH) + ν(C=N))
appear as a complex-shaped intense band at 1567 cm–1.
The medium- and high-intensity bands at 1443 and
1385 cm–1 are due to the bending vibrations of the Me
groups (δas(Me) and δs(Me), respectively). An intense
band at 1299 cm–1 (ν(C–N)) and a medium-intensity
band at 1258 cm–1 (amide III) were also identified.
The intense band at 1416 cm–1 can be assigned to the
vibrations produced by interactions of the groups
ν(C=N) and ν(C=C) [21]. The N–N stretching vibra-
tions are manifested as an intense band at 1161 cm–1.
In the spectrum of H2L, the in-plane C–H bending
vibrations for substitution of the types 1, 2, 3 (central
pyridine ring) and 1, 3 (terminal pyridine rings) appear
at 1139, 1087, and 1030 cm–1; the out-of-plane C–H
bending vibrations for three adjacent and one isolated
H atom appear at 766 and 864 cm–1, respectively [21].

The IR spectrum of complex I shows no absorption
band characteristic of V=O, which is most often very
intense and appears at 930–1020 cm–1 for monomeric
compounds and at 840–890 cm–1 for polymers [22,
23]. This provides evidence for the absence of the V=O
group from complex I. Nor does the spectrum of com-
plex I contain the ν(C=O) band, which appears as an
intense signal at 1663 cm–1 in the spectrum of free
H2L. Therefore, the ligand H2L is coordinated to the
metal center in the enol form resulting from the proton
migration =N–NH–C(=O)– → =N–N=C(–OH)–.
The wide bands of medium and weak intensities at
2409 and 1924 cm–1 are probably due to proton migra-
tion to the heterocyclic N atoms of the terminal pyri-
dine rings to give PyH+ [21]. The wide bands at 3373
and 3188 cm–1 relate to the OH stretching vibrations
and the ν(N–H) of the hydrogen bond N–H…O. The
wide intense band at 3084 cm–1 is partially contributed
by the C–H stretching vibrations of the complex. The
most intense band in the spectrum at 1374 cm–1 can be
assigned to the δs(Me) vibrations [24] as well as to the

vibrations of free  anions [24, 25]. Another
medium-intensity band at 810 cm–1 is also attributable
to the  vibrations [26]. The spectrum of
complex I shows new absorption bands at 600–
400 cm–1, which are not characteristic of free H2L and
are due to the V–N (552 and 515 cm–1) and V–O
vibrations (467 and 457 cm–1).

Complex I has an ionic structure. Its crystals are
built from centrosymmetric dinuclear cations

3NO−

3NO−

[V2(H2L)2]4+ (Fig. 1), the  anions, and crystal
water molecules in a ratio of 1 : 4 : 1. The initial reac-
tion mixture contains no   anions, so the forma-
tion of the latter most likely results from complex
transformations (i.e., redox processes involving nicot-
inohydrazide and vanadium(IV) ions). The dinuclear
complex cation [V2(H2L)2]4+ has a double helical
structure in which two organic neutral ligands H2L are
coordinated to two metal atoms and lie along the axis
V(1)–V(1)* (–x + 1, y, –z + 3/2). The V···V* distance
in the dinuclear cation is 3.261 Å. Either ligand H2L is
coordinated to the V atom in a pentadentate-tridentate
fashion through the electron-donating atoms N2O and
to the V* atom in a bidentate fashion through the
atoms NO. A similar coordination has been found ear-
lier in dinuclear Cu(II) complexes with diacetylpyri-
dine bis(semicarbazone) [27]. The coordination poly-
hedron of the V atom in complex I is a tetragonal pyr-
amid. Its base is made up of the O(1), N(3), and N(4)
atoms of one H2L molecule and the N(5) atom of the
other molecule; the pyramid is completed with the
O(2) atom of the latter as an apex (Fig. 1). The bond
lengths in the coordination polyhedron are as follows:
V–O(1), 1.982(5) Å; V–N(3), 1.918(6) Å; V–N(4),
2.138(6) Å; V–N(5)*, 1.986(7) Å; V–O(2)*,
2.146(6) Å (Table 2). The ligand H2L is coordinated to
the metal centers to form three five-membered chelate
rings (the V atom is involved in the two rings and the
V* atom, in the remaining one). The ligand H2L is
nonplanar; the dihedral angle between the former two
chelate rings is 7.4°.

Analysis of the difference electron-density maps
showed that the H atoms are located at the terminal
N(1) and N(7) atoms, which is confirmed by the inter-
molecular hydrogen bonds N(1)/N(7)–H···O( )
(N···O, 2.60(2)–3.08(3) Å; angles NHO, 141°–170°).
In the crystal, the complex cations and the anions are
linked by intermolecular hydrogen bonds as well as by
electrostatic interactions (Fig. 2, Table 3).

Solvate water molecules act as proton donors in
hydrogen bonds, with the O atoms of the  anions
as the proton acceptors (O(w)···O, 2.64(6)–
3.27(6) Å). Since the H atoms of the water molecules
are located for O(3w) only, the intermolecular hydro-
gen bonds involving only this molecule are presented
in Table 3 and Fig. 2. Apart from the above intermo-
lecular hydrogen bonds, structure I is additionally sta-
bilized by weaker bonds C–H···O: C(4)–H···O(5NA)
(–x + 1/2, y – 1/2, –z + 3/2); C···O, 3.279 Å; H···O,
2.55 Å; angle CHO, 171°; C(9)–H···O(5NA) (x + 1/2,
y – 1/2, z); C···O, 3.032 Å; H···O, 2.24 Å; angle CHO,
143°; C(9)–H···O(6N) (x + 1/2, y – 1/2, z); C···O,
3.260 Å; H···O, 2.39 Å; angle CHO, 155°; C(18)–
H···O(5N); C···O, 2.936 Å; H···O, 2.37 Å; angle CHO,
119°; C(18)–H···O(2NA) (–x + 1/2, y + 1/2, –z +
1/2); C···O, 3.064 Å; H···O, 2.29 Å; angle CHO, 140°.

3NO−

3NO−

3NO−

3NO−



162

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42  No. 3  2016

BOUROSH et al.

Fig. 1. Dinuclear complex cation [V2(H2L)2]4+ in structure I.
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Complex II was obtained in minor amounts,
together with the crystals of major complex I. Because
of this, we failed to isolate and properly purify a suffi-
cient amount of complex II for elemental analysis and
IR spectroscopic measurements. Its chemical compo-
sition and structure were determined by single-crystal
X-ray diffraction.

The crystal structure of II is built from molecular
mononuclear complexes [VIV(=O)(H2L)(SO4)] and
solvate water molecules in a ratio of 1 : 5. The coordi-
nation polyhedron of the V4+ cation is a pentagonal
bipyramid made up of the electron-donating atoms
N3O2 of the pentadentate neutral ligand H2L and two

O atoms of the  anion and oxo ligand O2– both
coordinated in a monodentate fashion (Fig. 3). The
equatorial bond lengths are as follows: V–N(3),
2.125(4) Å; V–N(4), 2.129(4) Å; V–N(5), 2.122(4) Å;
V–O(1), 1. 985(3) Å; V–O(2), 1.971(3) Å. The axial
bond lengths are as follows: V–O(3), 2.094(3) Å; V–
O(7), 1.594(3) Å (Table 2). These bond lengths are

2
4SO −

typical of vanadyl complexes [17, 18, 28]. The ligand
H2L in structure II is nonplanar. The equatorial plane
shows four fused five-membered chelate rings: two
OCNNV and two NCCNV ones (Fig. 3). The dihedral
angles between the chelate rings range from 3.2° to
7.2°. The same range holds for the dihedral angles
between the planes passing through the coordinated
atoms N3O2 of the ligand H2L and the terminal pyri-
dine rings as well as for the dihedral angles between the
latter rings (4.5°, 3.2°, 3.2°, and 3.7°, respectively).

Analysis of the N–C bond lengths in H2L revealed
a tautomeric transformation in only one moiety of this
ligand: the proton is unexpectedly located at the ter-
minal N(1) atom rather than at N(2) atom. This is
confirmed by the donor···acceptor distance in the
intermolecular hydrogen bond N–H···O (Table 3)
involving the N(1) atom as a proton donor as well as by
the bond angle at the N(1) atom (122.4(5)°). Note that
the angle CNC at N(7) (116.7(5)°) is much smaller
than 120°, so the second proton is located at the N(6)
rather than N(7) atom.
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Analysis of intermolecular interactions in the crys-
tal of II showed that the complexes
[V(=O)(H2L)(SO4)] are dimerized through the inter-
molecular hydrogen bonds N(1)–H···O(4) (–x + 1,
‒y + 1, –z + 1); N···O, 2.734(6) Å. The dimers are
united into chains along the axis z through weak inter-
molecular hydrogen bonds C(9)–H···O(6) (–x + 1/2,

y – 1/2, –z + 1/2); C···O, 3.490 Å; H···O(6), 2.57 Å;
angle CHO, 173°. The intermolecular hydrogen bonds
C(3)–H···O(7) (–x + 1, –y, –z + 1; C···O, 3.148 Å;
H···O(7), 2.56 Å; angle CHO, 122°) serve to unite the
chains into layers along the axis x (Fig. 4). Crystal
water molecules in structure II form centrosymmetric
chains along the axis y. These chains not only fill the

Fig. 2. Fragment of the packing pattern in the crystal of I.
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Fig. 3. Mononuclear molecular vanadyl(II) complex in structure II.
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intermolecular space in the crystal but also unite bulky
complexes into a 3D framework. The parameters of a
branched system of intermolecular hydrogen bonds
involving water molecules as proton donors and
acceptors (O(1w)–H···O(5) (–x + 3/2, y – 1/2, –z +
1/2); O···O, 2.850(5) Å; O(2w)–H···O(6) (x, y, z);
O···O, 2.842(6) Å; O(3w)–H···N(7) (x, y, z); O···N,
2.810(6) Å; O(5w)–H···O(5) (–x + 3/2, y – 1/2, –z +
1/2); O···O, 2.83(5) Å, etc.) are given in Table 3.
Structure II is additionally stabilized by weak intermo-
lecular hydrogen bonds C–H···O(w): C(2)–H···O(5w)
(‒x + 3/2, y – 1/2, –z + 1/2); C···O, 3.139 Å; H···O,
2.32 Å; angle CHO, 147°; C(3)–H···O(3w) (x + 1, y –
1, z); C···O, 3.084 Å; H···O, 2.19 Å; angle CHO, 161°;
C(11)–H···O(1w) (–x + 1/2, y + 1/2, –z + 1/2);
C···O, 3.459 Å; H···O, 2.63 Å; angle CHO, 156°.

To sum up, reactions in the system VOSO4–2,6-
diacetylpyridine–nicotinohydrazide (1 : 1 : 2) gave
two (mono- and dinuclear) vanadium complexes. 2,6-
Diacetylpyridine bis(nicotinylhydrazone) was synthe-
sized by condensation of 2,6-diacetylpyridine with
nicotinohydrazide in a molar ratio of 1 : 2 using a
metal ion matrix. The oxidation state +4 is retained for
the vanadium ion in mononuclear complex II; in
dinuclear complex I, vanadium is stabilized in the oxi-
dation state +2. The outer-sphere anions in the latter
complex are   anions rather than the expected

  ones. Apparently, the   anions are pro-
3NO−

2
4SO −

3NO−

duced by a complex redox process. Intermolecular
hydrogen bonds are crucial for the crystal structures of
complexes I and II; both anions and crystal water mol-
ecules act as proton acceptors in these bonds.
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