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Solid-state iron dioximates with 

 

α

 

-dioximes and
pyridine were first synthesized by Chugaev [1]. Similar
complexes with pyridinecarboxylic acid derivatives
have not been obtained, probably because of the lower

 



 

ä

 

‡

 

 values of these ligands compared to that of pyri-
dine.

Yet iron(II) dioximates containing pyridinecarboxy-
lic acid derivatives were obtained according to a
slightly different procedure [1], with sodium acetate as
a weak base [2, 3]. The IR spectra of iron complexes
with nicotinic acid derivatives (nicotinamide, N,N-
diethylnicotinamide, ethyl nicotinate, etc.) suggested
that the ligands are coordinated through the heterocy-
clic N atom. When pyridinecarboxylic acid derivatives
contain, apart from the pyridine N atom, other electron-
donating groups, their way of coordination to metal
atoms can vary with the solvent, the complexing metal,
and competitive ligands [4]. According to data from the
Cambridge Crystallographic Data Collection [5], the
ligand of this type is coordinated to a metal ion mainly
through the N atom of the heterocycle. An alternative,
bidentate fashion of coordination is found in some tran-
sition metal complexes with pyridinecarboxamides:
through the heterocyclic N atom and the amide O atom.
However, IR spectra are insufficient for comprehensive
analysis of the structures and ligand coordination in
such complexes because complexation through the car-
bonyl O atom not always shifts the 

 

ν

 

(ë=é)

 

 band to the
higher frequencies [6]: cleavage of an intermolecular

hydrogen bond is compensated by coordination of the
carbonyl group to a metal atom.

Such distinctive features of pyridinecarboxylic acid
derivatives make be very careful when determining the
ligand-to-metal coordination from IR spectroscopic
data. Here the complexes 
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 and 
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H
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)

 

2
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II

 

)

 

 (where DfgH
is the 

 

α

 

-benzyl dioxime monoanion) were obtained and
examined by X-ray diffraction analysis to reveal the
coordination of nicotinic and isonicotinic acid deriva-
tives in iron(II) complexes.

EXPERIMENTAL

 

Synthesis of complex I.

 

 A solution of 

 

α

 

-benzyl
dioxime (0.30 g, 1.25 mmol) and nicotinamide (0.17 g,
1.39 mmol) in DMF (15 ml) and a solution of sodium
acetate trihydrate (0.17 g, 1.25 mmol) in methanol
(10 ml) (for creation of weakly basic conditions) were
added in an alternating way to a solution of FeCl

 

2

 

 ·
4H

 

2

 

O (0.13 g, 0.66 mmol) in methanol (20 ml). Argon
was bubbled through the reaction mixture for stirring
and creation of an inert atmosphere (to prevent oxida-
tion of iron). Then the reaction vessel was hermetically
closed. After 5–6 h, dark brown single crystals of com-
plex 

 

I

 

 formed as thickened hexagonal plates.

Complex 

 

I

 

 is diamagnetic. The parameters of the
Mössbauer spectra are as follows: at 300 K, IS =
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Abstract

 

—The complexes [Fe(DfgH)
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-Py)

 

2

 

] (

 

II

 

), where
DfgH

 

2

 

 is 

 

α

 

-benzyl dioxime, were obtained and examined by X-ray diffraction analysis. The equatorial planes
of the coordination octahedra of the metal ions consist of two monodeprotonated 

 

α

 

-benzyl dioxime residues
united through intramolecular hydrogen bonds O–H···O into a pseudomacrocyclic system. The neutral mole-
cules 3-CONH

 

2

 

-Py and 4-COOC

 

2

 

H

 

5

 

-Py are coordinated to the Fe

 

2+

 

 ion through the N atom of the heterocycle.
Structure 

 

I

 

 is layered and structure 

 

II

 

 is molecular. Intermolecular interactions N–H···O are responsible for the
formation of layers in crystal structure 

 

I

 

.
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0.47 mm/s and QS = 1.78 mm/s; at 80 K, IS = 0.52 mm/s
and QS = 1.78 mm/s (IS (with respect to sodium penta-
cyanonitrosylferrate) and QS were measured with an
accuracy of 

 

±

 

0.04

 

 mm/s). These data confirm the low-
spin state of Fe

 

2+

 

.

 

Synthesis of complex II.

 

 A solution of 

 

α

 

-benzyl
dioxime (0.60 g, 2.5 mmol) and ethyl isonicotinate
(0.40 ml, 2.65 mmol) in DMF (30 ml) and a solution of
sodium acetate trihydrate (0.34 g, 2.5 mmol) in metha-
nol (15 ml) were added in an alternating way to a solu-
tion of FeCl

 

2

 

 · 4H

 

2

 

O (0.25 g, 1.26 mmol) in methanol
(30 ml). The reaction mixture was treated as described
for complex 

 

I

 

. After 5–6 h, dark brown (with a greenish
tinge) single crystals of complex 

 

II

 

 formed as truncated
prisms.

Complex 

 

II

 

 is diamagnetic. The parameters of the
Mössbauer spectra are as follows: at 300 K, IS =
0.45 mm/s and QS = 1.92 mm/s; at 80 K, IS = 0.52 mm/s
and QS = 1.93 mm/s. These data confirm the low-spin
state of Fe

 

2+

 

.

 

X-ray diffraction analysis.

 

 The unit cell parame-
ters and a three-dimensional array of reflection intensi-
ties for a single crystal of complex 

 

I

 

 were obtained at
298 K on an Enraf Nonius CAD4 diffractometer (Cu

 

ä

 

α

 

radiation, 

 

ω

 

/2

 

θ

 

 scan mode, 

 

2

 

θ

 

max

 

 = 75.0°

 

). Structure 

 

I

 

was solved by direct methods (SHELX-86 [7]) and
refined by the least-squares method in the anisotropic
full-matrix approximation for non-hydrogen atoms
(SHELXL-93 [8]).

For complex 

 

II

 

, experimental data were collected at
100 K on a Nonius Kappa CCD diffractometer (Mo

 

ä

 

α

 

radiation, graphite monochromator, 

 

ω

 

-2

 

θ

 

 scan mode
[9]). The unit cell parameters were refined over the
whole array of experimental data. The reflection inten-
sities were integrated and reduced to a general scale
with the DENZO [10] and SKALEPACK programs
[10]. An absorption correction was applied with the
XEMP program [11]. Structure 

 

II 

 

was solved by direct
methods and refined by the least-squares method in the
anisotropic full-matrix approximation for non-hydro-
gen atoms (SHELX-97 [12]). The H atoms in structures

 

I 

 

and 

 

II 

 

were located objectively and refined in the
rigid-body model.

Crystallographic parameters and a summary of data
collection for complexes 

 

I 

 

and 

 

II 

 

are given in Table 1.
Selected bond lengths and angles and geometrical
parameters of the hydrogen bonds in structures 

 

I 

 

and 

 

II

For C40H34FeN8O6

anal. calcd, %: Fe, 7.17; C, 61.71; H, 4.40; N, 14.39.

Found, %: Fe, 7.01; C, 61.42; H, 4.56; N, 14.20.

For C44H40FeN6O8

anal. calcd, %: Fe, 6.67; C, 63.16; H, 4.82; N, 10.04.

Found, %: Fe, 6.58 C, 63.24; H, 4.68; N, 10.26.

are listed in Tables 2 and 3, respectively. Atomic coor-
dinates and thermal parameters for structures I and II
have been deposited with the Cambridge Crystallo-
graphic Data Collection (nos. 690373 and 690374).

Mössbauer spectra were recorded on a setup of the
electrodynamic type in a temporary mode. The 57Co
isotope in a chromium matrix at room temperature
served as a radioactive source. Pulverized powders of
the complexes were used as absorbers (5–10 mg/cm2

thick in natural isotope composition).

RESULTS AND DISCUSSION

Molecular complexes I and II structurally relate to
the class of compounds with the general formula
[å(DioxH)2(Ä)2] (M is the transition metal ion, DioxH–

is the singly charged residue of α-dioxime, and A is a
neutral ligand) described by Chugaev in [1].

Crystal structures I and II are built from the cen-
trosymmetric molecular complexes [Fe(DfgH)2(3-
CONH2-Py)2] and [Fe(DfgH)2(4-COOC2H5-Py)2],
respectively. The metal ions show a trans-octahedral
coordination like that found in the transition metal
complexes [M(DioxH)2A2] [13, 14]. The coordination
polyhedron of the Fe2+ ion in these structures consists
of six N atoms: four atoms belong to two bidentate
monodeprotonated ligands DfgH– and the other two
belong to two 3-CONH2-Py or 4-COOC2H5-Py mole-
cules, respectively, coordinated through the N atom of
the heterocycle. It has been demonstrated in [15] that
nicotinamide in Mn(II), Fe(II), Co(II), Ni(II), Cu(II),
Zn(II), Cd(II), Hg(II), and Pd(II) complexes is coordi-
nated through the N heteroatom. According to data
from the Cambridge Crystallographic Data Collection
[5], 3-ëéNH2-Py is mostly a bidentate ligand for vari-
ous metal ions, with the pyridine N atom and the carbo-
nyl O atom as binding sites. In crystals, the formation
of dimers (e.g., in a Zn(II) complex with diethylnicoti-
namide [16] and a Cu(II) complex with nicotinamide
[17]) or chains is possible (as in Mn(II) and Cu(II) com-
plexes with nicotinamide and its derivatives [18–21]).
Different ways of coordination have also been found in
transition metal complexes with isonicotinamide and
its derivatives. In the complex with dimethylglyoxime,
[Cu(DH)2(4-CONH2-Py)] · 4-CONH2-Py · H2O [22],
isonicotinamide is coordinated to the metal ion through
the N atom of the pyridine ring; in [Ag(4-CONH2-
Py)]BF4 [23], the pyridine N and carbonyl O atoms
bridge two Ag atoms. The organic ligand 4-CONH2-Py
is coordinated through the amide N atom and the carbo-
nyl O atom in a Pt(II) complex [24] and only through
the amide N atom in a Ru(III) complex [25].

The Fe(1)–N bond lengths are 1.921(2), 1.897(2),
and 2.006(2) Å in structure I and 1.903(2), 1.906(2),
and 2.007(2) Å in structure II (Table 2). In either struc-
ture, the coordination polyhedron of the Fe atom is
slightly elongated in the direction of the pyridine frag-
ment. The shortening of the Fe–N(dioxime) bond to, on
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average, 1.907 ± 0.014 Å is probably due to the chela-
tion effect. Two α-benzyl dioxime residues in the equa-
torial planes of complexes I and II are coordinated in an
N,N-fashion (Figs. 1,2), which gives rise to two chelate
rings. Such relative positions of the DfgH– residues are
stabilized by intramolecular hydrogen bond é–ç···é
(Table 3). In the coordinated α-dioximes, the average
N–O, C=N, C–C, and C–C(Ph) bonds (1.357(3),
1.308(4), 1.466(4), and 1.482(4) Å in I and 1.356(2),
1.313(3), 1.476(3), and 1.481(3) Å in II) are close to
those in Fe(II) complexes with monodeprotonated
dioximes: α-benzyl dioxime and cyclohexyl isocyanide
[26], dimethylglyoxime and imidazole [27], and cyclo-
hexane dioxime and imidazole [28].

In structures I and II, the apical positions are occu-
pied by two nicotinamide molecules and two ethyl

isonicotinate molecules, respectively. The dihedral
angles between the planes of the aromatic rings of the
latter and the equatorial planes of the corresponding
coordination polyhedra are 86.6° and 84.1°. A similar
arrangement of α-dioximates and neutral N-containing
ligands is found in iron(II) complexes with imidazole
[27], β-picoline [29], and pyrazine [30]. The bond
lengths and angles for the coordinated 3-ëéNH2-Py
molecules in structure I, as well as for 4-COOC2H5-Py
in structure II, do not differ from those in Fe(II) com-
plexes with these ligands [31, 32].

Packing of the complexes in crystal structure I is
shown in Fig. 3. The structure is layered; the complexes
are united through hydrogen bonds into a two-dimen-
sional network perpendicular to axis a of the crystal.
Both amide N atoms of the coordinated nicotinamide

 
Table 1.  Crystallographic parameters and a summary of data collection for structures I and II

Parameter
Value

I II

M 750.67 836.67

Crystal system Monoclinic Monoclinic

Space group P21/n P21/c

Unit cell parameters:

a, Å 12.2627(8) 8.6200(1)

b, Å 9.006(1) 19.5180(5)

c, Å 17.0504(8) 12.4740(3)

β, deg 94.487(6) 94.841(2)

V, Å3 1877.1(3) 2091.20(8)

Z 2 2

ρcalcd, g/cm3 1.328 1.329

µ, mm–1 3.71 (λCu) 0.421 (λMo)

F(000) 808 872

Crystal size, mm 0.32 × 0.32 × 0.32 0.3 × 0.25 × 0.05

θ scan range, deg 1.5–75.0 2.96–27.50

Ranges of h, k, and l indices –15 ≤ h ≤ 15;
0 ≤ k ≤ 11;
0 ≤ l ≤ 21

–11 ≤ h ≤ 11;
–25 ≤ k ≤ 25;
–16 ≤ l ≤ 16

Number of measured/independent reflections 3857/3857 (Rint = 0.0346) 30930/4796 (Rint = 0.0790)

Number of reflections with I > 2σ(I) 3044 3956

Number of parameters refined 257 268

GOOF 1.022 1.027

R factor (I > 2σ(I)) R1 = 0.0487,  wR2 = 0.1365 R1 = 0.0527,  wR2 = 0.1103

R factor (for all reflections) R1 = 0.0681, wR2 = 0.1591 R1 = 0.0668, wR2 = 0.1173

∆ρmax, ∆ρmin, e Å–3 0.29, –0.28 1.030, –0.578
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Table 2.  Selected bond lengths and angles in structures I and II

Coordination polyhedron of Fe(II) Coordinated ligands

Bond
d, Å

Bond
d, Å

I II I II

Fe(1)–N(1) 1.921(2) 1.903(2) C(5)–C(8) 1.500(3)

Fe(1)–N(2) 1.897(2) 1.906(2) C(8)–O(4) 1.333(3)

Fe(1)–N(3) 2.006(2) 2.007(2) O(4)–C(9) 1.467(3)

Angle
ω, deg C(9)–C(10) 1.472(4)

I II
Angle

ω, deg

N(1)Fe(1)N(2) 80.90(9) 81.02(8) I II

N(1)Fe(1)N(3) 80.03(9) 90.88(7) O(1)N(1)C(1) 121.7(2) 120.7(2)

N(1)Fe(1)N(2)#1 99.10(9) 98.98(8) O(2)N(2)C(2) 118.2(2) 119.4(2)

N(1)Fe(1)N(3)#1 90.97(9) 89.12(7) N(2)C(2)C(1) 113.5(2) 112.0(2)

N(2)Fe(1)N(3) 90.27(9) 91.69(7) N(1)C(1)C(11) 125.1(2) 122.7(2)

N(2)Fe(1)N(3)#1 89.73(9) 88.31(7) C(2)C(1)C(11) 122.9(2) 124.6(2)

Coordinated ligands N(2)C(2)C(21) 123.2(2) 124.6(2)

Bond
d, Å C(1)C(2)C(21) 123.4(2) 123.3(2)

I II C(3)N(3)C(7) 116.8(2) 117.1(2)

N(1)–O(1) 1.337(3) 1.342(2) N(3)C(7)C(6) 123.0(2) 123.3(2)

N(2)–O(2) 1.378(3) 1.371(2) C(7)C(6)C(5) 119.5(2) 119.1(2)

N(1)–C(1) 1.319(3) 1.317(3) C(4)C(5)C(6) 118.3(2) 118.7(2)

N(2)–C(2) 1.298(4) 1.310(3) C(5)C(4)C(3) 118.6(2) 118.9(2)

C(1)–C(2) 1.466(4) 1.476(3) N(3)C(3)C(4) 123.8(2) 123.0(2)

C(1)–C(11) 1.479(4) 1.478(3) C(5)C(4)C(8) 125.2(2)

N(3)–C(3) 1.340(3) 1.353(3) C(3)C(4)C(8) 116.2(2)

N(3)–C(7) 1.350(3) 1.349(3) O(3)C(8)N(4) 122.6(3)

C(7)–C(6) 1.381(4) 1.382(3) O(3)C(8)C(4) 119.7(2)

C(6)–C(5) 1.388(4) 1.387(3) N(4)C(8)C(4) 117.7(2)

C(5)–C(4) 1.380(4) 1.385(3) O(3)C(8)O(4) 125.9(2)

C(4)–C(3) 1.391(4) 1.390(3) O(4)C(8)C(5) 110.9(2)

C(4)–C(8) 1.507(4) C(8)O(4)C(9) 118.1(2)

C(8)–O(3) 1.229(4) 1.210(3) O(4)C(9)C(10) 109.3(2)

C(8)–N(4) 1.321(4)

* The symmetry operation codes are: #1 –x + 1, –y, –z + 1 (I) and #1 –x + 1, –y, –z (II).
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molecules act as donors and the oxime and carbonyl O
atoms act as acceptors in the hydrogen bonding
(Table 3). Molecular structure II shows only weak
C−H…O interactions (Fig. 4). The other intermolecular

contacts in these two structures correspond to the sums
of the van der Waals radii of the respective atoms.

Thus, the coordination in complexes I and II is typ-
ical of trans-octahedral complexes of transition metals:

Table 3.  Geometrical parameters of the intramolecular and intermolecular hydrogen bonds in structures I and II

D–H···A

Distances, Å

Angle DHA, deg Coordinates of atoms A

D–H H···A D···A

I

O(2)–H···O(1) 1.12 1.48 2.567(3) 163 –x + 1, –y, –z + 1

N(4)–H(1)···O(1) 0.92 2.02 2.923(3) 168 –x + 3/2, y –1/2, –z + 1/2

N(4)–H(2)···O(3) 0.83 2.07 2.237(4) 163 –x + 3/2, y –1/2, –z + 1/2

II

O(2)–H···O(1) 0.82 1.74 2.530(2) 161 –x + 1, –y, –z

C(22)
C(23)

C(24)

C(25)

C(13)

C(14)

C(15)

C(16)
C(11)

C(26)

C(21)

C(5)

C(6)

C(7)

C(8)

C(4)

C(3)

N(3)

O(3)

N(4)

N(2)

N(1)

O(2)

O(1)

C(12)
C(1)

C(2)

Fe(1)

Fig. 1. Structure of [Fe(DfgH)2(3-CONH2-Py)2] (I).



RUSSIAN JOURNAL OF COORDINATION CHEMISTRY      Vol. 35      No. 5      2009

IRON(II) COMPLEXES [FE(DFGH)2(3-CONH2-PY)2] 357

the equatorial planes are made up of two α-benzyl
dioxime residues coordinated in an N,N-fashion, which
gives rise to two five-membered chelate rings, and the
apical positions are occupied by neutral nicotinamide
molecules in structure I and by ethyl isonicotinate mol-

ecules in structure II. The latter in these two complexes
are coordinated to the central metal atom through the N
atom of the aromatic ring. This way of coordination of
the apical ligands to the central metal atom depends on
several factors (metal nature, reaction medium, and sto-

C(10)

C(9)

C(8)

C(5)

C(4)

C(3)
C(16)

C(14)
C(15)

C(25) C(26)

C(24)

C(23)

C(6)

C(7)

N(3)
C(11)

O(4)

O(3)

O(2)

C(13)

C(12) C(2)

C(22) C(1)

C(21)

O(1)

N(1)

N(2)
Fe(1)

Fig. 2. Structure of [Fe(DfgH)2(4-COOC2H5-Py)2] (II).

0
a

b

c

Fig. 3. Fragment of crystal structure I.
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ichiometry of the reagents). Apparently, the rigid equa-
torial fragment in transition metal dioximates, which
favors the octahedral coordination of the metal, causes
nicotinamide or ethyl isonicotinate to coordinate
through the aromatic N heteroatom only.
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