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Abstract: The interaction of [Fe(DfgH)2Py2] (where DfgH=monodeprotonated diphenylglyioxime, Py-pyridine) 
and 1,3,5-triazine (Trz) in chloroform resulted in a new coordination compound with the composition 
[Fe(DfgH)2(Trz)2]·2CHCl3 (1). The crystal structure of 1, determined by single crystal X-ray diffraction, revealed that 
Fe(II) atom is coordinated by four oximic nitrogen atoms of two DfgH and two nitrogen atoms of two Trz ligands 
resulting in octahedral surrounding.

Keywords: synthesis; Fe(II)dioximate; 1,3,5-triazine, crystal structure

Introduction
The inner-sphere substitution of apical ligands in [M(DioxH)2А2] complexes (M = metal ion, DioxH = 

monodeprotonated α-dioxime and A = neutral apical ligand) represents an attractive procedure for obtaining new 
complexes with polyfunctional ligands such as bridgind exo-bidentate or polydentate species. Aromatic [1] and 
heterocyclic [2, 3] amines, thio- and seleno-carbamides [4, 5] readily enter the inner coordination sphere of dioximates. 
Generally, such compounds reveal an octahedral surrounding of the metal ion with a stable square-planar M(DioxH)2 
building block consolidated by two strong intramolecular hydrogen О–Н···О bonds [6]. Various binuclear and polymeric 
coordination compounds based on Co(III), Cu(II), Cd(II) and Zn(II) dioximates and 4,4’-bipyridyl bridging ligands 
have been reported [7-10]. It was of particular interest to investigate the complexation process and coordination ability 
of potentially polydentate heterocyclic amines, in particular, 1,3,5-triazine (Trz). The CSD [11] statistics indicates that 
the architecture of the molecule Trz, which contains three donor nitrogen atoms, facilitates the formation of polynuclear 
complexes, three-dimensional networks, various nanoporous materials with Cu(II) [12-14], Ru(II) [15, 16], Pt(II) [17] 
and Ag(I) [18, 19] transition metal ions.

Our contribution describes the reaction of Trz molecule with [Fe(DfgH)2(Py)2] which results in the formation of 
a new compound [Fe(DfgH)2(Trz)2]·2СНСl3 (1) and X-ray study of these crystals. 

Results and discussion
We recently reported Co(III) and Fe(II) dioximates with pyridine and its derivatives, pyrazine and isonicotina-

mide ligands [3, 20-22]. We have shown the specifi city of formation of metal coordination polyhedron, the connection 
features of these ligands to the central atom and their mutual positions in the complexes. These results demonstrated 
that various heterocyclic amines coordinate in dioximate-based complexes to the metal ion through one nitrogen atom. 
The structural studies of (1), which results from the interaction of [Fe(DfgH)2(Py)2] with Trz, confi rmed the substitution 
of coordinated Py by Trz molecules. It was determined that the crystal consists of molecular centrosymmetric Fe(II) 
complexes and crystallization molecules of CHCl3. The metal ion in the complex has a trans-octahedral coordination, 
similar to those found in transition metal complexes of the general formula [M(DioxH)2A2] [3, 6, 20].

The coordination polyhedron of the Fe(II) ion is formed by six nitrogen atoms (Figure 1), four of which belong 
to two bidentate monodeprotonated dioxime (DfgH-) ligands, and two of monodentate Trz molecules. The CSD 
analysis [11] showed that in Cu(II), Ru(II), Pt(II) and Ag(I) complexes Trz molecules are quite frequently involved in 
coordination as tridentate ligands coordinating to the metal atoms through three nitrogen atoms. Thus, trinuclear (e.g. 
Pt(II) complex [17]), tetra- and hexanuclear complexes (Cu(II) complexes [12]) or polymeric structures (Cu(II), Ru(II) 
and Ag(I) complexes [13, 15, 18, 19]) are formed. However Trz molecules can also act as bidentate bridging ligands 
(Cu(II) complexes [13, 14]), as well as monodentate ligands (complex of Ru(II) [16]). In the mononuclear molecule of 
compound (1), two Trz molecules are coordinated to the Fe(II) ion in a monodentate mode. The equatorial plane of the 
octahedron is defi ned by two monodeprotonated DfgH- residues, coordinated in a N,N-type chelate mode. The Fe-N 
distances in the basal plane have the values of 1.898 (7) and 1.911 (7) Å, and the distance to the apical Trz nitrogen atom 
is 1.990 (6) Å (Table 1). In coordination environment of copper, two monodeprotonated oxime residues are linked by the 
intramolecular O-H···O hydrogen bonds (О(2)–Н···О(1)(–x+1, –y, –z) 1.75, 2.541(9)Å, 161°), resulting in the alternation 
of fi ve-membered chelate rings and six-membered hydrogen-bonded rings (Figure 1). 
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Figure 1. The molecular structure of [Fe(DfgH)2(Trz)2]·2СНСl3

The dihedral angle between the plane of the Trz ring and the equatorial plane of the coordination polyhedron is 
equal to 95.3°. Similar arrangement of monodeprotonated α-dioximes and neutral ligands which contain nitrogen atoms 
was also found in iron complexes with imidazole [23, 24], β-picoline [25], pyrazine [26] and isonicotinamide [3]. The 
values of interatomic distances and angles for coordinated Trz molecules do not differ signifi cantly from those found in 
similar complexes of Cu(II), Ru(II), Pt(II) and Ag(I) [13-19].

Table 1
Bond lengths (Å) and angles (deg) for compound (1).

Atom-atom d, Å Atom-atom d, Å
Fe(1)-N(2) 1.898(7) C(6)-Cl(2) 1.740(9)
Fe(1)-N(1) 1.911(7) C(6)-Cl(1) 1.774(9)
Fe(1)-N(3) 1.990(6) C(6)-Cl(3) 1.777(9)
N(1)-C(1) 1.291(10) C(11)-C(16) 1.32(1)
N(1)-O(1) 1.361(8) C(11)-C(12) 1.33(1)
N(2)-C(2) 1.296(11) C(12)-C(13) 1.37(2)
N(2)-O(2) 1.397(8) C(13)-C(14) 1.32(2)
N(3)-C(5) 1.343(9) C(14)-C(15) 1.31(2)
N(3)-C(3) 1.382(9) C(15)-C(16) 1.41(2)
N(4)-C(3) 1.397(10) C(21)-C(22) 1.38(1)
N(4)-C(4) 1.426(11) C(21)-C(26) 1.39(1)
N(5)-C(4) 1.390(11) C(22)-C(23) 1.38(2)
N(5)-C(5) 1.409(10) C(23)-C(24) 1.38(3)
C(1)-C(11) 1.47(1) C(24)-C(25) 1.31(3)
C(1)-C(2) 1.492(11) C(25)-C(26) 1.45(2)
C(2)-C(21) 1.50(1)

Atom-atom-atom ω, grad Atom-atom-atom ω, grad
N(1)-Fe(1)-N(2) 79.8(3) N(3)-C(3)-N(4) 122.8(8)

N(1)-Fe(1)-N(2)#1 100.2(3) N(5)-C(4)-N(4) 119.1(7)
N(1)-Fe(1)-N(3) 90.0(3) N(3)-C(5)-N(5) 124.0(7)

N(1)-Fe(1)-N(3)#1 90.0(3) Cl(2)-C(6)-Cl(1) 110.4(5)
N(2)-Fe(1)-N(3) 88.9(3) Cl(2)-C(6)-Cl(3) 111.4(5)

N(2)-Fe(1)-N(3)#1 91.1(3) Cl(1)-C(6)-Cl(3) 109.1(4)
C(1)-N(1)-O(1) 119.7(7) C(16)-C(11)-C(12) 117.3(11)
C(1)-N(1)-Fe(1) 118.9(6) C(16)-C(11)-C(1) 119.8(10)
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O(1)-N(1)-Fe(1) 121.1(6) C(12)-C(11)-C(1) 122.9(8)
C(2)-N(2)-O(2) 119.3(7) C(11)-C(12)-C(13) 121.8(11)
C(2)-N(2)-Fe(1) 118.0(6) C(14)-C(13)-C(12) 120.5(12)
O(2)-N(2)-Fe(1) 122.7(6) C(15)-C(14)-C(13) 119.2(12)
C(5)-N(3)-C(3) 117.3(7) C(14)-C(15)-C(16) 119.8(11)
C(5)-N(3)-Fe(1) 122.3(5) C(11)-C(16)-C(15) 121.2(12)
C(3)-N(3)-Fe(1) 120.2(5) C(22)-C(21)-C(26) 120.9(11)
C(3)-N(4)-C(4) 118.3(8) C(22)-C(21)-C(2) 118.8(9)
C(4)-N(5)-C(5) 118.4(8) C(26)-C(21)-C(2) 120.4(11)
N(1)-C(1)-C(11) 125.1(8) C(21)-C(22)-C(23) 121.5(13)
N(1)-C(1)-C(2) 110.6(8) C(24)-C(23)-C(22) 118(2)
C(11)-C(1)-C(2) 124.2(9) C(25)-C(24)-C(23) 122(2)
N(2)-C(2)-C(1) 112.6(8) C(24)-C(25)-C(26) 122(2)
N(2)-C(2)-C(21) 123.5(8) C(21)-C(26)-C(25) 116(1)
C(1)-C(2)-C(21) 123.9(9)
Symmetry transformations used to generate equivalent atoms:  #1 -x+1, -y, -z. 

The crystal packing of compound 1 is shown in Figure 2. The structure is molecular; the complexes are located 
close to the center of the symmetry of the orthorhombic Pbca space group, forming channels with a 27% of the total 
crystal volume. In these channels, the solvate CHCl3 molecules are encapsulated and linked to the complexes by weak 
hydrogen-bond interactions (С(6)–Н···О(1) (x, y, z) 0.98, 2.27, 2.966 Å, 127°) (Figure 2).

Figure 2. Fragment of crystal packing in 1. 

The IR spectrum of 1 confi rms the presence of all organic ligands used in the synthesis process [27, 28]. The 
characteristic bands of the Trz ligands were assigned as following: the weak intensity band at 3054 cm-1 was attributed 
to ν(= C-H) vibration; a series of six weak intensity bands within 2000-1660 cm-1 – to overtones and vibrations typical 
to mono- and 1,3,5-substituted aromatic; 1069 cm-1 - to (δplane (CH) of mono- and 1,3,5-substituted aromatic. The 
presence of DfgH- is documented by the characteristic oscillations νas(CH2)= 2931, δ(OH)= 1730, δas(CH2)=1450 and  
δ(C=N-O)=731 cm-1.

Experimental
All reagents and solvents were obtained from commercial sources and were used without further purifi cation. 

Elemental analysis was performed on an Elementar Analysensysteme GmbH Vario El III elemental analyzer. The IR 
spectra were obtained in Vaseline on a FT IR Spectrum-100 Perkin Elmer spectrometer in 400-4000 cm-1 range.
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Synthesis. To [Fe(DfgH)2Py2] (0.17 g, 0.245 mmol) dissolved in 20 mL of chloroform Trz (0.05 g, 0.615 mmol) 
dissolved in 10 mL of methyl alcohol was added. The resulted crystals of hexagonal habitus were collected from the 
dark-cherry solution. Yield: ~ 60%. The crystals are insoluble in water and alcohol. Anal. found for C36H30Cl6Fe1N10O4, 
%: Fe 6,05; C 46,28; H 3,18; N 14,75. Calculated: Fe 5,97; C 46,23; H 3,23; N 14,98.

X-ray Crystallography. Diffraction measurement for 1 was carried out at room temperature on a STOE IPDS 
diffractometer equipped with a graphite monochromator utilizing MoKα (λ = 0.71073Å) radiation and ω scans. Final 
unit cell dimensions were obtained and refi ned on an entire data set. The crystal structure was solved by direct methods.  
All calculations to solve the structures and to refi ne the models were carried out with the programs SHELXS97 and 
SHELXL97 [29]. The C–bound H atoms were placed in calculated positions and were treated using a riding model 
approximation with Uiso(H)=1.2Ueq(C), while the O–bound H–atoms were found from differential Fourier maps at 
intermediate stages of the refi nement and their positions were constrained using the AFIX 83 instruction in SHELXL 
for oxime groups. These hydrogen atoms were refi ned with isotropic displacement parameter Uiso(H)=1.5Ueq(O). Crystal 
data and details on the structure refi nement are given in Table 2. Selected geometric parameters for 1 are given in Table 
1. CCDC 933171 contains the supplementary crystallographic data for 1.

Table 2
Crystal data and structure refi nement for compound (1).

Empirical formula C36H30Cl6Fe1N10O4

Formula weight 935.25
Crystal system orthorhombic
Space group Pbca
Unit cell dimensions
a, Å 8.957(2)
b, Å 17.231(3)
c, Å 27.285(5)
V, Å3 4211.1(14)
Z 4
ρ(calc), mg/m3 1.475
μ, mm-1 0.790
F(000) 1904
Crystal size, mm3 0.2 x 0.12 x 0.04
θ range for data collection, deg 2.99 – 25.05
Index ranges -10≤h≤10, -20≤k≤20, -32≤l≤32
Refl ections collected 64661
Independent refl ections 3685 (R(int) = 0.32650
Completeness to θ = 25.05°, % 98.6 
Data / parameters 3685 / 259
GOOF 1.019
Final R indices (I>2σ(I)) R1 = 0.0983, wR2 = 0.2002
R indices (all data) R1 = 0.2074, wR2 = 0.2428
Largest diff. peak and hole, e·Å-3 0.338 / -0.407 
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