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Abstract
C38H38Cl2N2P2Ru, monoclinic, P21/c (no. 14), a = 10.8827(3) Å,
b = 30.6226(7) Å, c = 20.2089(4) Å, β = 93.8560(10)°,

V = 6719.5(3) Å3, Z = 8, Rgt(F) = 0.0306, wRref(F
2) = 0.0636,

T = 173(2) K.

CCDC no.: 2183295

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

Source of materials

All reagents are commercially available and were used
without further purification. The reaction was carried
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Table : Data collection and handling.

Crystal: Yellow plate
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: BRUKER D VENTURE PHOTON, ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, ,, .
Criterion for Iobs, N(hkl)gt: Iobs°>°σ(Iobs), ,
N(param)refined: 

Programs: BRUKER [], SHELX [], WINGX [],
PLATON []

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

C −. () . () . () . ()
HA . . . .*
HB −. . . .*
C −. () . () . () . ()
HA −. . . .*
HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H −. . . .*
C . () . () . () . ()
H −. . . .*
C . () . () . () . ()
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C −. () . () . () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. −. . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . −. . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
N −. () . () . () . ()
N . () . () . () . ()
P . () . () . () . ()
P . () . () . () . ()
Cl . () . () . () . ()
Cl −. () . () . () . ()
Ru . () . () . () . ()
HC −. () . () . () . ()*
HD −. () . () . () . ()*
HC . () . () . () . ()*
HD . () . () . () . ()*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
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out under an argon atmosphere using standard Schlenk
techniques. The title compound was synthesized by dis-
solving dichloridotris(triphenylphosphine) ruthenium(III)
(0.500 g, 0.522mmol) in CH2Cl2 (10mL). To this solutionwas
added, drop-wise, ethylenediamine (0.039 mL, 0.58 mmol)
dissolved in CH2Cl2 (10 mL). The reaction mixture was stir-
red at room temperature for 1 h. The resulting brownish
solution was filtered to remove any insoluble impurities,
and the solution was concentrated under reduced pressure.
The product was then precipitated by adding n-hexane.
The yellow solid obtained was filtered and washed with
diethyl ether (3 × 10 mL), to give the product in 85% yield.
Yellow plate crystals suitable for X-ray diffraction analysis
were obtained after five days by slow diffusion of hexane
into a dichloromethane solution of the complex.

Experimental details

Intensity datawasdeterminedonaBRUKERVENTURED8PHOTON

CMOS diffractometer with graphite-monochromated MoKα1

(λ = 0.71073 Å) radiation at 173 K using an OXFORD CRYOSTREAM

600 cooler. Data reduction was carried out using the
program SAINT+, version 6.02 [1] and empirical absorption
corrections were made using SADABS [1]. Space group
assignments was made using XPREP [1]. The structure
was solved in the WINGX [2] Suite of programs, using
intrinsic phasing through SHELXT [3] and refined using
full-matrix least-squares/difference Fourier techniques
on F2 using SHELXL-2017 [3]. All C bound hydrogen atoms
were placed at idealized positions and refined as riding
atoms with isotropic parameters 1.2 times those of their
parent atoms. N-bound hydrogen atoms were located in

Table : (continued)

Atom x y z Uiso*/Ueq

C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H −. . . .*
C . () . () . () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

H −. . . .*
C . () . () . () . ()
H . . . .*
N . () . () . () . ()
N . () . () . () . ()
P . () . () . () . ()
P . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Ru . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
HA . () . () . () . ()*
HB . () . () . () . ()*
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the difference Fourier map and their coordinates and
isotropic displacement parameters refined freely. Dia-
grams and publication material were generated using
ORTEP-3 [3], and PLATON [4].

Comment

Ethylenediamine is the most widely studied bidentate
nitrogen donor ligand in coordination chemistry [5]. The
ethylenediamine molecule can adopt either a cis or trans
conformation, due to rotation about the C–C bond [5, 6].
However, once it is coordinated to a metal atom in a
bidentate chelating mode, the cis conformation of the
ligand is enforced.

The chemistry of ruthenium(II) complexes have been
extensively studied due to their versatility and wide range
of applications in several fields; such as bioinorganic
chemistry, catalysis, supramolecular and photochemistry
[7]. Ruthenium complexes with chlorido and dimethylsulf-
oxide (DMSO) ligands have been shown to have potential
application as chemotherapeutic agents [8]. Also, Ru(II)
complexes with chelating diamine or diphosphine ligands
have gained much attention due to their applications in
catalysis and potential antimicrobial activity [7–10].

Biologically, chelation is important because it has
been shown that coordinating a metal ion to a ligand in
this manner, has the potential of reducing the polarity of
themetal ion as therewill be partial sharing of the positive
charge of themetal with the donor atoms of the ligand [11].
This property enhances the lipophilicity of the complex,
thus increasing its permeation through the lipidmembrane
of the bacterial cell. It has also been reported that coordi-
nating a ligand to a metal ion synergistically enhances the
biological activity of the ligand while minimizing the
cytotoxic effect of metal ion and ligand [7].

The title compound crystallizes in the monoclinic
space group P21/c (no. 14), with its unit cell filled with two
complexes. The bond lengths and angles are within the
normal ranges and are comparable to related structures
[7, 12, 13]. The ruthenium atom is coordinated in a dis-
torted octahedral geometry with an ethylenediamine
ligand chelated via the two nitrogen (N1 and N2) atoms,
two monodentate P-donor triphenylphosphine (PPh3) li-
gands and two chlorides in a mutually trans position. The
two chloride anions are bent away from their axial posi-
tions, toward the diamine ligand due to the steric effect of
the bulky PPh3 ligands [7]. The distortion from linearity
for the axial ligands Cl2–Ru1–Cl1 was measured at
162.06°. Similarly, the bulkiness of the phenyl groups of

PPh3 resulted in the distortion of the P1–Ru1–P2 angle to
97.45°.

Bazargan et al. [5], conducted a full structural and
geometrical study using the Cambridge Structural
Database (CSD) combined with theoretical calculations,
for various five-membered N-donor chelate rings and
their complexes of various transition and non-transition
metals. One of the findings of the study showed that
for the ethylenediamine ligand bonded to a 4dmetal ion,
the ideal average N–M bond length is 2.115 Å and the
N–M–N angle is 81.2°. These results are supported by the
findings obtained in the current study, with the average
N–M distance of 2.166 Å and N–M–N angle of 77.76°. The
observed small difference in bond length and angles is in
agreement with the previously observed trend between
M–N bond length and the chelate bite angle which is
inversely proportional [5]. In addition, there are two
strong intermolecular hydrogen bonds between the amine
group of one complex and the chloride atom of a second
complex, with the distance of H2D⋯Cl3 at 2.48°Å and
H4B⋯Cl2 at 2.85 Å.
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and approved submission.
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