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Abstract—The coordination compounds [Fe(DfgH)2(HL1)2] and [Fe(DfgH)2(HL2)2], where DfgH = is the
α-benzyldioxime monoanion, HL1 = 3-pyridine hemiacetals: methoxy(pyridin-3-yl)methanol (I),
ethoxy(pyridin-3-yl)methanol (II); HL2 = 4-pyridine hemiacetal: methoxy(pyridin-4-yl)methanol (III),
ethoxy(pyridin-4-yl)methanol (IV), and propoxy(pyridin-4-yl)methanol (V), were synthesized and studied
by X-ray diffraction and IR and Mössbayer spectrosopy. According to X-ray diffration data (CIF files CCDC
1578217–1578221 for I–V, respectively), all of these Fe(II) complexes are molecular. The metal coordination
polyhedron is an octahedron formed by four equatorial nitrogen atoms of two monodeprotonated α-ben-
zyldioxime residues coordinated in the bidentate chelating fashion and by two axial nitrogen atoms of two
neutral 3- or 4-pyridine hemiacetal molecules coordinated in the monodentate fashion. The DfgH– ligands
in complexes I–V are joined by intramolecular O–H···O hydrogen bonds to form a pseudomacrocyclic sys-
tem. The ligands HL1 and HL2 are generated in the reaction of the corresponding alcohols with 3- or 4-pyr-
idinecarboxaldehyde. The IR and Mössbauer spectra of the products were studied. The Mössbauer spectral
parameters of compounds I–V correspond to low-spin iron(II) ions.
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INTRODUCTION

Iron(II) dioximates with the general formula
[Fe(DioxH)2L2] (DioxH is α-dioxime monoanion,
L are organic neutral monodentate ligands) were syn-
thesized for the first time by L.A. Chugaev [1]. The
molecular structure of compounds of this type was
first solved by X-ray diffraction for 1,2-cyclohexane-
dioximates (nioximates) and iron(II) dimethylglyoxi-
mates containing imidazole as the axial ligand [2, 3].
When the heme structure was determined [4], it
became obvious that iron(II) dioximates can be con-
sidered as its simplest models, which stimulated a
breakthrough in the synthesis and studies, including
X-ray diffraction studies [5], of the coordination com-
pounds of iron with α-dioximes. An important role in
the development of this research belongs to Kishinev’s
scientific school headed by Academician A.V. Ablov,
which showed that the Chugaev type Fe(II) com-
pounds with the formula [Fe(DioxH)2L2] are octahe-
dral trans-dioximates. This was confirmed by known
and well studied iron(II) dioximates with different

axial ligands and the coordination units containing
nitrogen ( ) [1–3, 6–8], carbon (FeN5C and
FeN4C2) [9, 10], phosphorus (FeN4P2) [11, 12], or
arsenic (FeN4As2) [13]. Further development of
the coordination chemistry of iron(II) complexes with
α-dioxime involved extension of the range of Chugaev
type complexes via variation of both α-dioximes and
axial ligands, including bifunctional ones [6, 14–19],
using a variety of physical methods for their character-
ization. In [20, 21], the synthesis of iron(II) dimethyl-
glyoximate complexes with methyl pyridine derivatives
and their first study of Mössbauer spectroscopy were
reported. Subsequently, Mössbauer spectroscopy was
successfully used to study both iron(II) dioximates
[10–14, 18, 22–24] and iron(III) dioximates [25, 26].

Since the attention was focused on models resem-
bling iron porphyrins, i.e., compounds in which the
axial ligands are coordinated via nitrogen, the
obtained and studied iron dioximates contained pyri-
dine [6, 7], pyrazine [14], β- and γ-picoline [20, 21,
26], imidazole [2, 3], and iso- and nicotinamide [15–
17]. Structural studies confirmed the assumptions
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based on IR spectra [16, 17] about the formation of
mononuclear complexes and monodentate coordina-
tion of bifunctional axial ligands to the metal via het-
erocyclic nitrogen. An exception is pyrazine, which
acts as a bridging ligand to give a Fe(II) coordination
polymer [14]. Iron(II) nioximates containing 3- and
4-pyridinecarboxaldehydes as axial ligands have been
described and characterized by elemental analysis and
UV spectroscopy [8]. However, it is noteworthy that
the mentioned aldehydes are highly reactive, and in
an alcohol medium, alcohol molecules add to
the aldehyde double bond. This was confirmed by dis-
appearance of the ν(C=O) band from the IR
spectrum [27]. No structural information on Fe(II)
dioximates containing pyridinecarboxaldehydes is
present in the Cambridge Crystallographic Data Cen-
tre (CCDC) [5].

The purpose of this study is to prepare Fe(II)
α-benzyldioximates with participation of 3- and
4-pyridinecarboxaldehydes and various alcohols as
solvents and to study the obtained compounds by
various methods, including X-ray diffraction. Five
complexes with various 3- and 4-pyridinecarboxal-
dehyde derivatives, [Fe(DfgH)2(HL1)2] and
[Fe(DfgH)2(HL2)2], were prepared, where DfgH is
the α-benzyldioxime monoanion; HL1 is 3-pyri-
dine hemiacetal (methoxy(pyridine-3-yl)methanol
(I), and ethoxy(pyridine-3-yl)methanol (II)); and
HL2 is 4-pyridine hemiacetal (methoxy(pyridine-4-
yl)methanol (III), ethoxy(pyridine-4-yl)methanol
(IV), and propoxy(pyridine-4-yl)methanol (V)).

EXPERIMENTAL
Synthesis of bis(α-benzyldioximato)di{methoxy-

(pyridin-3-yl)methanol}iron(II) (I). A solution of
α-benzyldioxime (0.96 g, 4 mmol) and 3-nicotinalde-
hyde (0.24 mL, 2.5 mmol) in DMF (20 mL) and a
solution of sodium acetate trihydrate (0.56 g, 4 mmol)
in methanol (20 mL) (for generation of a weakly alka-
line medium) were successively added in alternation to
a solution of FeCl2 ⋅ 4H2O (0.40 g, 2 mmol) in metha-
nol (20 mL). Stirring of the resulting solution and gen-
eration of inert atmosphere to prevent iron from oxi-
dation were performed by bubbling argon through the
reaction mixture, after which the f lask with the solu-
tion was sealed. After 24 h, crystals suitable for X-ray
diffraction were selected from the precipitated prod-
uct. The rest of the product was washed with methanol
and diethyl ether and dried in air. The yield was 0.90 g
(55.53% based on FeCl2 ⋅ 4H2O).

Synthesis of bis(α-benzyldioximato)di{ethoxy(pyri-
din-3-yl)methanol}iron(II) (II). (a) The product was
prepared similarly to compound I with the exception

For C42H40N6O8Fe

Anal. calcd., % Fe, 6.87 C, 62.08 H, 4.96 N, 10.34
Found, % Fe, 6.67 C, 62.37 H, 5.25 N, 10.52
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that the reaction was carried out in ethanol and the
product was washed with ethanol. The yield was 0.92 g
(56.8% based on FeCl2 ⋅ 4H2O).

(b) The single crystals of II were obtained by add-
ing a solution of α-benzyldioxime (0.24 g, 1.0 mmol)
and 3-nicotinaldehyde (0.12 mL, 1.25 mmol) in DMF
(5 mL) in alternation with a solution of CH3COONa ⋅
3H2O (0.14 g, 1.0 mmol) in ethanol (10 mL) to a solu-
tion of FeCl2 · 4H2O (0.10 g, 0.5 mmol) in ethanol
(10 mL), which was stirred with argon. The f lask with
the solution thus formed was sealed and placed into a
refrigerator. The single crystals were taken out after
24 h.

Synthesis of bis(α-benzyldioximato)di{me-thoxy(py-
ridin-4-yl)methanol}iron(II) (III). A solution of α-ben-
zyldioxime (0.96 g, 4 mmol) and 4-pyridinecarboxal-
dehyde (0.24 mL, 2.5 mmol) in DMF (20 mL) and a
solution of CH3COONa ⋅ 3H2O (0.56 g, 4 mmol) in
methanol (20 mL) (for the formation of a weakly alka-
line medium) were added in alternation to a solution
of FeCl2 ⋅ 4H2O (0.4 g, 2 mmol) in methanol (20 mL).
Stirring of the solution and generation of inert atmo-
sphere to prevent iron from oxidation were performed
by bubbling argon through the reaction mixture, after
which the f lask with the solution was sealed. After
24 h, crystals suitable for X-ray diffraction were
selected from the crystalline product. The rest of the
product was washed with methanol and diethyl ether
and dried in air. The yield was 1.29 g (79.6% based on
FeCl2 ⋅ 4H2O).

Synthesis of bis(α-benzyldioximato)di{ethoxy(pyri-
din-4-yl)methanol}iron(II) (IV). (a) The product was
prepared similarly to compound III with the exception
that the reaction was carried out in ethanol and the
product was washed with ethanol. The yield was 0.98 g
(60.5% based on FeCl2 ⋅ 4H2O).

(b) The single crystals of IV were obtained by add-
ing a solution of α-benzyldioxime (0.12 g, 0.5 mmol),
4-pyridinecarboxaldehyde (0.06 mL, 0.625 mmol),
and CH3COONa ⋅ 3H2O (0.07 g, 0.5 mmol) in a mix-
ture of DMF (30 mL) and ethanol (15 mL) to a solu-

For C44H44N6O8Fe

Anal. calcd., % Fe, 6.64 C, 62.86 H, 5.28 N, 10.00
Found, % Fe, 6.64 C, 62.59 H, 5.45 N, 10.41

For C44H44N6O8Fe

anal. calcd., % Fe, 6.64 C, 62.86 H, 5.28 N, 10.00
Found, % Fe, 6.45 C, 62.73 H, 5.17 N, 10.11

For C42H40N6O8Fe

Anal. calcd., % Fe, 6.87 C, 62.08 H, 4.96 N, 10.34
Found, % Fe, 6.95 C, 61.87 H, 4.83 N, 10.60

For C44H44N6O8Fe

Anal. calcd., % Fe, 6.64 C, 62.86 H, 5.28 N, 10.00
Found, % Fe, 6.49 C, 62.59 H, 5.45 N, 10.36
OORDINATION CHEMISTRY  Vol. 44  No. 8  2018



IRON(II) BIS-α-BENZYLDIOXIMATE COMPLEXES 509

Fig. 1. Mössbauer spectra of complex I at different tem-
peratures: continuous line is the simulated spectrum,
dashed line is the experimental spectrum.
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tion of FeCl2 · 4H2O (0.05 g, 0.25 mmol) in ethanol
(15 mL), which was stirred with argon. The single
crystals precipitated after 4 days.

Synthesis of bis(α-benzyldioximato)di{propoxy(pyr-
idin-4-yl)methanol}iron(II) (V). A solution of α-ben-
zyldioxime (0.12 g, 0.5 mmol), 4-pyridinecarboxalde-
hyde (0.06 mL, 0.625 mmol), and CH3COONa ⋅
3H2O (0.07 g, 0.5 mmol) in a mixture of DMF
(10 mL) and propanol (20 mL) was added to a solution
of FeCl2 ⋅ 4H2O (0.05 g, 0.25 mmol) in DMF (10 mL),
which was stirred with argon. The single crystals pre-
cipitated on the 5th day.

IR spectra were recorded on an Perkin-Elmer
Spectrum 100 FT-IR spectrometer in mineral oil
mulls for the 4000–400 cm–1 range and in the ATR
mode in the 4000–650 cm–1 range.

Mössbauer spectra were measured on an electrody-
namic type setup with a constant acceleration. The
57Co source (1.0 MBq) in the Rh matrix at room tem-
perature was used. The isomer shifts are referred to
Na2[Fe(CN)5(NO)] ⋅ 2H2O. Pellets of finely ground
samples of 5–10 mg/cm2 iron with natural isotope
composition served for absorption. The spectra of II–
IV were measured at two temperatures, 300 and 80 K;
the spectra of I were measured at different tempera-
tures in the 300–5 K range. The simulation of the
spectra was performed by the WMOSS (Edina) and
WEB Research Co software. The Mössbauer spectral
pattern is presented in Fig. 1; isomer shifts and quad-
rupole splittings are summarized in Table 1.

X-ray diffraction. For single crystals of
compounds I–V, full experimental data were collected
at room temperature on an Xcalibur E diffractometer
with MoKα-radiation and graphite monochromator.
The crystal structures were solved by direct methods
and refined by the least-squares method in the full-
matrix anisotropic approximation for non-hydrogen
atoms (SHELX-97) [28]. The hydrogen atom posi-
tions were calculated geometrically and refined iso-
tropically in the rigid body model with Uiso = 1.2Uequiv
or 1.5Uequiv of the corresponding O, N, and C atoms.
In all structures, the formed –CH(OH)(OR) groups
in the axial ligands HL1,2 were found to be disordered
over two positions.

Crystallographic data and X-ray experiment details
for compounds I–V are summarized in Table 2,
selected interatomic distances and bond angles are in
Table 3, and the geometric parameters of hydrogen
bonds are given in Table 4. The positional and thermal

For C44H44N6O8Fe

Anal. calcd., % Fe, 6.64 C, 62.86 H, 5.28 N, 10.00
Found, % Fe, 6.55 C, 62.73 H, 5.17 N, 9.89

For C46H48N6O8Fe

Anal. calcd., % Fe, 6.43 C, 63.60 H, 5.57 N, 9.68
Found, % Fe, 6.38 C, 63.42 H, 5.40 N, 9.53
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
parameters for compounds I–V are deposited with the
Cambridge Crystallographic Data Centre (CCDC)
(1578217–1578221, respectively; deposit@ ccdc.cam.
ac.uk or http://www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

Compounds I–V show rather intricate IR spectra
with absorption bands corresponding to both coordi-
nated α-benzyldioxime monoanions and hemiacetals
  Vol. 44  No. 8  2018
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Table 1. Parameters of the Mössbauer spectra of the iron(II) α-benzyldioximates [Fe(DfgH)2(HL1,2)2]*

* The accuracy of measurement of the isomer shift (δNa+) and quadrupole splitting (ΔEq) is 0.04 mm/s.

HL1,2

300 K 80 K

isomer shift, mm/s quadrupole splitting, 
mm/s isomer shift, mm/s quadrupole splitting, 

mm/s

3-CH(OH)OCH3-Py (I) 0.49 1.68 0.47 1.67
3-CH(OH)OC2H5-Py (II) 0.49 1.71 0.58 1.64
4-CH(OH)OCH3-Py (III) 0.47 1.78 0.55 1.73
4-CH(OH)OC2H5-Py (IV) 0.49 1.80 0.53 1.68
4-COOC2H5-Py [15] 0.45 1.92 0.52 1.93
3-CONH2-Py [15] 0.47 1.78 0.52 1.78
generated in the reaction of 3- or 4-pyridinecarboxal-
dehyde with alcohols during the synthesis of coordi-
nation compounds. The IR spectra of the complexes
exhibit broad absorption bands at 3400–3030 cm–1,
which can be assigned to associated OH groups
(ν(OH)) and which partly overlap with ν(CH) of aro-
matic rings. The 3083–2650 cm–1 range contains sev-
eral narrow bands corresponding to ν(CH) modes;
among these, sharp bands at 2739–2722 and 2834–
2825 cm–1 observed in the spectra of all compounds
correspond apparently to the aldehyde ν(CH) modes
[27] and to the –O–CH3-group ν(CH) modes [29],
respectively. The bending vibrations of the CH3 groups
occur at 1479–1466 cm–1 (δas) and 1426–1372 cm–1

(δs). The intense bands in the 1094–1081 cm–1 range
can be assigned to νas(–C–O–C) [27]. The relatively
broad band at 1663–1654 cm–1 is attributable to the
ν(C=C) and ν(C=N) modes of aromatic rings. The
IR spectra show intense absorption bands for the in-
plane and out-of-plane aromatic δ(CH) modes,
which characterize the type of substitution in the ben-
zene ring. For complexes with para-substituted
ligands, δ(CH)in are at 1124, 1044, and 1039 cm–1 and
δ(CH)out are at 833, 796, and 795 cm–1; in the case of
meta-substitution, δ(CH)in for three adjacent hydro-
gen atoms are at 1188, 1177,1088, 1084, 1049, and
1047 cm–1 and δ(CH)out are at 756, 755, 694, and
693 cm–1. The vibrations of the isolated hydrogen
atom occur at 878 cm–1. For coordinated DfgH–:
ν(C=N)oxime, 1505, 1504 cm–1; ν(N–O), 1266–1257
and 1128–1112 cm–1; and γ(OH)oxime, 933–922 cm–1

[11, 13, 18]. For singly substituted α-benzyldioxime
benzene rings: δ(CH)in, 1087–1057cm–1; δ(CH)out,
727–723 and 694–693 cm–1 [28, 30]. The bands
related to the Fe–N vibrations are recorded at 510–
420 cm–1: Fe–N(DfgH), 505, 504 and 438–425 cm–1;
Fe–N(HL1,2), 544–533 cm–1 [11, 13, 18].

The Mössbauer spectra of complexes I–IV in the
300–5 K range are doublets with peaks of approxi-
RUSSIAN JOURNAL OF C
mately equal intensity without additional absorption.
A decrease in the temperature to 80 K (or to 5 K in the
case of complex I) does not change the form of the
Mössbauer spectra (Fig. 1). The isomer shifts and
quadrupole splittings in the Mössbauer spectra of I–
IV do not depend on temperature and correspond
to low-spin (S = 0) iron ion in the +2 oxidation state
(  = 0.47–0.49 mm/s; ΔEQ = 1.68–1.80 mm/s at

300 K and  = 0.47–0.58 mm/s; ΔEQ = 1.64–
1.73 mm/s at 80 K (Table 1) [15, 22].

The structure of compounds I–V is molecular and
is formed by the centrosymmetric
[Fe(DfgH)2(HL1,2)2] complexes. The HL1 and HL2

ligands differ in the substituent position in the pyri-
dine ring (3 or 4, respectively) and in the substituent in
position 1 of (3- or 4-pyridyl)methane: methoxy in I
and III, ethoxy in II and IV, and propoxy in V. The
complexes of pyridine hemiacetals were formed from
the corresponding pyridinecarboxaldehydes depend-
ing on the solvent used (methanol, ethanol, propa-
nol). Thus, pyridine hemiacetals were generated upon
addition of the alcohols to pyridinecarboxaldehydes,
although hemiacetals are rarely sufficiently stable. The
Fe(II) coordination polyhedron in I–V is formed by
six nitrogen atoms arranged at octahedron vertices,
similar to those in the [Fe(DioxH)2A2] complexes [2,
3, 6, 7, 14, 15]. The coordination of the Fe central
atom in I–V is formed by two monodeprotonated
DfgH– ligands bound bidentately through two nitro-
gen atoms and two neutral HL1/HL2 ligands bound
monodentately through the heterocycle nitrogen
(Figs. 2a, 2b). Analysis of CCDC data [5] reveals the
complexes of Cu(II)-Hg(II) [30], Pd(II) [31],
Mn(III) [32], and Zn(II) [33] with 1-hydroxy-1-
methoxy-(4-pyridyl)methane and Ru(II) with its
derivative [34], in which this organic ligand is coordi-
nated to metal ions in the monodentate fashion via the
nitrogen atom of the aromatic ring.

In compounds I–V, the Fe(1)–N interatomic dis-
tances to the equatorial nitrogen atoms are in the

δ +Na

δ +Na
OORDINATION CHEMISTRY  Vol. 44  No. 8  2018



IRON(II) BIS-α-BENZYLDIOXIMATE COMPLEXES 511

Table 2. Crystallographic data, X-ray experiment details and structure refinement parameters for complexes I–V

Compound I II III IV V

M 811.84 840.70 812.65 840.70 868.75
System Orthorhombic Orthorhombic Monoclinic Monoclinic Monoclinic
Space group Pbca Pbca C2/c C2/c C2/c
a, Å 20.4721(10) 20.233(1) 18.454(2) 18.88(3) 19.114(2)
b, Å 9.0544(4) 9.2697(6) 12.408(1) 12.13(1) 12.2292(8)
c, Å 20.7710(10) 21.393(2) 19.558(2) 19.82(2) 20.138(2)
β, deg 90 90 116.39(1) 115.3(2) 113.70(1)

V, Å3 3850.1(3) 4012.3(5) 4011.9(6) 4101(1) 4310.3(7)

Z 4 4 4 4 4

ρ(calcd.), g/cm3 1.401 1.392 1.345 1.362 1.339

μ, mm–1 0.455 0.439 0.436 0.429 0.411

F(000) 1693 1760 1696 1760 1824
Crystal size, mm 0.40 × 0.12 × 0.10 0.20 × 0.10 × 0.02 0.25 × 0.07 × 0.05 0.10 × 0.04 × 0.02 0.10 × 0.06 × 0.03
θ Range, deg 3.008 – 25.05 2.98 – 25.05 3.28 – 25.50 3.36 – 24.99 3.33 – 25.05
Ranges
of reflection indices

–24 ≤ h ≤ 15,
–10 ≤ k ≤ 8,
–13 ≤ l ≤ 24

–12 ≤ h ≤ 24,
–10 ≤ k ≤ 11,
–25 ≤ l ≤ 24

–20 ≤ h ≤ 2,
–15 ≤ k ≤ 14,
–22 ≤ l ≤ 23

–22 ≤ h ≤ 22,
–10 ≤ k ≤ 14,
–17 ≤ l ≤ 23

–20 ≤ h ≤ 2,
–13 ≤ k ≤ 14,
–20 ≤ l ≤ 23

Numbers of mea-
sured/unique
reflections (Rint)

10 471/3408 
(0.0340)

8415/3542
(0.1007)

8026/3741
(0.0535)

7100/3580 
(0.1752)

9170/3815
(0.0838)

Filling, % 99.9 (θ = 25.05°) 99.7 (θ = 25.05°) 99.8 (θ = 25.50°) 98.6 (θ = 24.99°) 99.7 (θ = 25.05°)
Number of reflections 
with I > 2σ(I)

2469 1477 1981 1129 1887

Number of parameters 272 274 264 270 286
GOOF 1.000 0.933 0.968 0.903 0.914
R-factor
(I > 2σ(I))

R1 = 0.0581,
wR2 = 0.1402

R1 = 0.0763,
wR2 = 0.0731

R1 = 0.0601,
wR2 = 0.0603

R1 = 0.0992,
wR2 = 0.1452

R1 = 0.0689,
wR2 = 0.0621

R factor
(for the whole array)

R1 = 0.0849,
wR2 = 0.1514

R1 = 0.2060,
wR2 = 0.0940

R1 = 0.1316,
wR2 = 0.0714

R1 = 0.2944,
wR2 = 0.2053

R1 = 0.1632,
wR2 = 0.0769

Δρmax/Δρmin, e Å–3 0.851/–0.337 0.476/–0.290 0.473/–0.302 0.466/–0.714 0.276/–0.301
1.863(7)–1.924(4) range, while the Fe(1)–N dis-
tances to the axial nitrogen ligand are in the 1.980(8)–
2.013(4) Å range (Table 3). In complexes I–V, the
coordination octahedron of iron is somewhat
stretched towards the axial ligands; shortening of the
Fe–N(DfgH) bonds can be attributed to the chelation
effect. The equatorial plane of complexes I–V
(Figs. 2a, 2b) accommodates the DfgH– residues
coordinated as N,N-type ligands. This gives rise to
two chelate metallacycles, with their relative arrange-
ment being stabilized by intramolecular O–H⋅⋅⋅O
hydrogen bonds (Table 4). In coordinated DfgH–, the
N–O, C=N, and C–C interatomic distances
(Table 3) are close to those found in Fe(II) complexes
with monodeprotonated dioximes: α-benzyldioxime
and pyridine [6], dimethylglyoxime and imidazole [3],
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
1,2-cyclohexanedioxime and imidazole [2]. The
minor difference between the N(1)–O(1) and N(2)–
O(2) interatomic distances in the oxime moieties of
the complexes attest to their monodeprotonated state.

The HL1 or HL2 molecules, which form the coor-
dination polyhedra of central metal atoms in I–V, have
dihedral angles between the aromatic ring planes and
the N4 equatorial planes of 94.3°, 86.7°, 92.2°, 88.5°,
and 87.1°, respectively. The relative positions of the
DfgH– and HL ligands in these molecular complexes
are stabilized by one (I, II) or two (III–V) weak intra-
molecular C–H⋅⋅⋅O hydrogen bonds: in I, C(35)–
H⋅⋅⋅O(1) (–x, –y, –z) (C⋅⋅⋅O, 3.292; H⋅⋅⋅O, 2.60 Å;
CHO angle, 131°); in II, C(35)–H⋅⋅⋅O(1) (C⋅⋅⋅O,
3.259; H⋅⋅⋅O, 2.58 Å; CHO angle, 131°); in III,
‒C(31)–H⋅⋅⋅O(1) (C⋅⋅⋅O 3.307, H⋅⋅⋅O 2.58 Å, CHO
  Vol. 44  No. 8  2018



512 BOUROSH et al.

Table 3. Selected interatomic distances and bond angles in structures I–V

Bond
d, Å

I II III IV V

Fe(1)–N(1) 1.919(3) 1.924(4) 1.909(3) 1.863(7) 1.917(3)

Fe(1)–N(2) 1.902(3) 1.910(4) 1.885(3) 1.895(8) 1.890(3)

Fe(1)–N(3) 2.010(3) 2.013(4) 2.011(2) 1.980(8) 2.001(3)

N(1)–O(1) 1.348(4) 1.339(4) 1.342(3) 1.980(8) 1.346(3)

N(2)–O(2) 1.376(3) 1.366(4) 1.386(3) 1.394(8) 1.376(3)

N(1)–C(1) 1.317(4) 1.298(5) 1.317(3) 1.308(9) 1.301(4)

N(2)–C(2) 1.297(4) 1.296(5) 1.295(3) 1.280(9) 1.305(4)

C(1)–C(2) 1.478(5) 1.480(6) 1.475(4) 1.485(10) 1.475(5)

C(36)–O(3) 1.422(6) 1.407(6) 1.358(4) 1.35(1) 1.39(2)

C(36)–O(4) 1.38(2) 1.366(7) 1.384(4) 1.36(1) 1.35(1)

C(37)–O(4) 1.404(7) 1.440(7) 1.416(3) 1.418(10) 1.414(5)

Angle
ω, deg

I II III IV V

N(1)Fe(1)N(2) 80.6(1) 80.6(2) 80.16(12) 79.1(3) 80.3(1)

N(1)Fe(1)N(3) 89.6(1) 99.4(2) 99.84(12) 100.9(3) 99.7(1)

N(2)Fe(1)N(3) 90.1(1) 89.6(2) 89.82(10) 89.4(3) 91.1(1)

O(1)N(1)Fe(1) 122.6(2) 90.4(2) 90.18(10) 90.6(3) 88.9(1)

C(1)N(1)Fe(1) 116.7(2) 89.7(3) 87.83(10) 87.7(3) 91.5(1)

O(1)N(1)C(1) 120.6(3) 90.3(2) 92.17(10) 92.3(3) 88.5(1)

O(2)N(2)Fe(1) 124.5(2) 121.8(3) 122.4(2) 121.7(5) 121.5(2)

C(2)N(2)Fe(1) 117.9(2) 116.7(4) 117.2(2) 119.4(6) 116.8(3)

O(2)N(2)C(2) 117.4(3) 121.2(4) 120.4(3) 118.9(6) 121.6(3)

C(31)N(3)Fe(1) 121.7(2) 124.0(3) 122.83(19) 122.9(5) 123.6(2)

C(35)N(3)Fe(1) 121.7(3) 117.3(4) 119.1(2) 120.3(6) 118.6(3)

C(31)N(3)C(35) 116.6(3) 118.4(4) 118.0(3) 116.7(7) 117.8(3)

N(1)C(1)C(2) 112.2(3) 121.6(4) 123.0(2) 121.4(6) 121.1(3)

N(2)C(2)C(1) 112.5(3) 122.5(4) 121.2(2) 122.4(7) 123.2(3)

O(4)C(36)O(3) 112.5(3) 115.8(4) 115.8(3) 115.9(8) 115.6(4)

C(36)O(4)C(37) 114.0(5) 112.6(5) 111.8(3) 111.2(7) 112.9(4)

112.6(5) 111.6(3) 109.8(7) 111.3(4)

115.7(6) 115.2(4) 120.4(14) 114.1(10)

113.3(6) 116.0(3) 114.5(9) 117.0(6)
angle, 136°) and C(35)–H⋅⋅⋅O(1) (–x + 1/2, –y + 1/2,
–z + 1) (C⋅⋅⋅O, 3.219; H⋅⋅⋅O, 2.48 Å; CHO angle,
137°); in IV, C(31)–H⋅⋅⋅O(1) (C⋅⋅⋅O, 3.248; H⋅⋅⋅O,
2.55 Å; CHO angle, 132°) and C(35)–H⋅⋅⋅O(1) (–x +
1/2, –y + 1/2, –z + 1) (C⋅⋅⋅O, 3.259; H⋅⋅⋅O, 2.57 Å;
CHO angle, 131°); in V, C(31)–H⋅⋅⋅O(1) (C⋅⋅⋅O 3.325,
RUSSIAN JOURNAL OF C
H⋅⋅⋅O 2.63 Å, CHO angle 132°) and C(35)–H⋅⋅⋅O(1)
(–x + 1/2, –y + 1/2, –z) (C⋅⋅⋅O, 3.289; H⋅⋅⋅O, 2.62 Å;
CHO angle, 129°). This type of arrangement of DfgH–

and neutral HL1 or HL2 ligands was also found in
iron(II) complexes with imidazole [2, 3] or pyridine
[6] and in iron(III) complexes with β-picoline [26].
OORDINATION CHEMISTRY  Vol. 44  No. 8  2018
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Table 4. Geometric parameters of the main intra- and intermolecular hydrogen bonds in structures I–V

D–H···A contact
Distance, Å DHA angle, 

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

I
O(2)–H(1)···O(1) 0.82 1.81 2.598(4) 159 –x, –y, –z
O(3)–H(1)···O(1) 0.82 1.92 2.735(5) 176 –x – 1/2, y – 1/2, z

II
O(2)–H(1)···O(1) 0.82 1.80 2.583(4) 160 –x + 2, –y, –z + 1
O(3)–H(1)···O(1) 1.05 1.90 2.745(5) 135 x + 1/2, –y + 1/2, –z + 1
O(3A)–H(1)···O(1) 0.85 1.93 2.78(2) 180 x + 1/2, –y + 1/2, –z + 1

III
O(2)–H(1)···O(1) 0.88 1.67 2.549(3) 173 –x + 1/2, –y + 1/2, –z + 1
O(3A)–H(1)···O(1) 0.85 1.83 2.684(3) 179 –x + 1/2, y – 1/2, –z + 1/2
O(3B)–H(1)···O(1) 0.85 1.96 2.814(9) 179 –x + 1/2, y – 1/2, –z + 1/2

IV
O(2)–H(1)···O(1) 0.82 1.76 2.548(8) 159 –x + 1/2, –y + 1/2, –z + 1
O(3)–H(1)···O(1) 0.82 1.99 2.704(11) 145 –x + 1/2, y – 1/2, –z + 1/2
O(3A)–H(1)···O(1) 0.82 2.14 2.84(2) 142 –x + 1/2, y – 1/2, –z + 1/2

V
O(2)–H(1)···O(1) 0.82 1.80 2.583(4) 160 –x + 2, –y, –z + 1
O(3)–H(1)···O(1) 1.05 1.90 2.745(5) 135 x + 1/2, –y + 1/2, –z + 1
O(3A)–H(1)···O(1) 0.85 1.93 2.78(2) 180 x + 1/2, –y + 1/2, –z + 1

Fig. 2. Molecular structures of I–V with atom numbering.
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Fig. 3. Fragment of the centrosymmetric layer formed by the intermolecular hydrogen bonds, O(3)–H⋅⋅⋅O(1) and C(23)–
H⋅⋅⋅O(4), in I.

Fig. 4. (a) Chain formation from the layer and (b) packing fragment in II. 
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Fig. 5. Formation of the layer by intermolecular O(3)–H⋅⋅⋅O(1) hydrogen bonds in (a) III and (b) IV.
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The interatomic distances and bond angles for the
coordinated HL1 molecules in I and II and HL2 mol-
ecules in III–V do not differ from those found for
transition metal complexes with these ligands [30, 31].

In the crystals, complexes I–V are joined to form
centrosymmetric layers by intermolecular O–H⋅⋅⋅O
hydrogen bonds, in which the hydroxyl groups of HL1

or HL2 are proton donors and the oxime O atoms are
proton acceptors (Table 4). The packing of complexes
in these crystals is shown in Figs. 3–6. The crystal
structure contains weak intermolecular C–H⋅⋅⋅O
hydrogen bonds, which not only stabilize the layers,
but combine them into a three-dimensional frame-
work in I and II: in I, C(12)–H⋅⋅⋅O(3) (–x – 1/2, y +
1/2, z) (C⋅⋅⋅O, 3.013; H⋅⋅⋅O, 2.54 Å; CHO angle, 149°),

C(23)–H⋅⋅⋅O(4) (x, –y – 1/2, z + 1/2) (C⋅⋅⋅O, 3.436;
H⋅⋅⋅O, 2.51 Å; CHO angle, 172°) and C(36)–
H⋅⋅⋅O(3A) (–x – 1/2, y + 1/2, z) (C⋅⋅⋅O, 3.427; H⋅⋅⋅O,
2.64 Å; CHO angle, 137°); in II, C(16)–H⋅⋅⋅O(3) (x –
1/2, –y + 1/2, –z + 1) (C⋅⋅⋅O, 3.338; H⋅⋅⋅O, 2.50 Å;
CHO angle, 150°). Meanwhile, in the crystals of com-
pounds III–V, no intermolecular C–H⋅⋅⋅O hydrogen
bonds were found. The other intermolecular contacts
in these structures correspond to the sums of van der
Waals radii of the atoms.

Thus, it was found that the transition metal coordi-
nation in compounds I–V is usual for trans-octahedral
complexes. The equatorial plane of the coordination
polyhedra of metal ions contains two N,N-coordi-
nated α-benzyldioxime residues, which form two five-
membered chelate metallacycles, and the axial posi-
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 44  No. 8  2018
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Fig. 6. Fragment of the crystal structure of V.
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tions are occupied by neutral 3- or 4-pyridine hemia-
cetal molecules with various substituents coordinated
to the central metal atom via nitrogen of the aromatic
ring. Probably, the rigid equatorial moiety present in
transition metal dioximates, which favors the octahe-
dral coordination of the metal, forces other organic
molecules to bind to the metal in the monodentate
fashion via the heteroatom of the aromatic ring.
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