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The octahedral title compound, [Ru(C2H5O)(NO)(NO2)2-

(C6H16N2)], crystallizes in the rhombohedral space group P31

with an ethoxy ligand axially coordinated trans to the nitrosyl

ligand. The RuII ion is equatorially coordinated by a tetra-

methylethylenediamine group acting as a bidentate ligand,

and to two nitro moieties whose planes are tilted with respect

to the mean equatorial plane. Each nitrogen ligand bonded to

the metallic centre has a different hybridization state.

Comment

We are interested in the chemistry of Ru±nitrosyl complexes

bearing electron-donor ligands. The chemistry of metallo-

nitrosyl complexes and redox-related NO complexes is rele-

vant to the understanding of the rich biochemistry of nitric

oxide. These complexes are also useful synthetic precursors, as

the reactivity of the NO+ group frequently allows its substi-

tution by a variety of ligands, enhancing the potential of such

compounds as building blocks for more complex structures.

The title compound, (I), was obtained by reaction of the

electron-rich TMED ligand (TMED is tetramethylethyl-

enediamine) and RuII(dmso)4Cl2 (dmso is dimethylsulfoxide)

in a reductive environment, followed by addition of NaNO2.

Complex (I) is a rare case in which three kinds of RuÐN

bonds, each corresponding to different types of hybridization

of the N atom, are present in the same molecule (Fig. 1). Ru±

ligand bond distances vary from 1.754 (9) to 2.205 (9) AÊ

(Table 1). The RuII ion is in an octahedral environment,

mainly distorted by the limited NÐRuÐN bite angle

[82.4 (3)�] of the bidentate TMED group.

The TMED ligand is bonded to the RuII atom with the

longest RuÐN distance in the molecule [mean 2.20 (2) AÊ ].

This distance is slightly longer than those found in Ru±

ethylenediamine complexes due to the electronic in¯uence of

the methyl moieties [see, for example, Ru(ethylenedi-

amine)3
2+; Smolenaers et al., 1981]. The TMED N atoms adopt

an sp3 conformation, as evidenced by the observed bond

angles. All the methyl groups in the TMED ligand adopt a

staggered conformation with respect to the H atoms of the

neighbouring methylene.

The average RuÐNO2 bond distance in (I) is 2.11 (2) AÊ .

The N atoms belonging to the nitro ligands can be regarded as

approximately sp2-hybridized. The mean RuÐN bond

distance in Ru(py)6
2+ (py is pyridine; Templeton, 1979) is

2.12 AÊ , similar to the mean RuÐNO2 bond distance observed

in (I). The shorter RuÐN distances re¯ect the � back-bonding

between the metal and the ligand. The Ru atom is essentially

in the plane of each NO2 group. Due to steric hindrance, the

planes of the nitro ligands (Ru/N4/O3/O4 and Ru/N5/O5/O6;

Fig. 1) are rotated with respect to the equatorial plane (Ru/N2/

N3/N4/N5) by 51.2 (4) and 45.0 (5)�, respectively.

The RuÐN1ÐO1 angle is essentially linear [171 (1)�],
indicating that the complex can be described as an [RuII±NO+]

moiety. The RuÐNO bond length is 1.754 (9) AÊ ; this is the

shortest Ru±ligand distance in the complex, as expected from

the effect of strong � back-bonding. These geometric para-

meters indicate an sp-hybridization for the nitrosyl N atom.

The NÐO bond distance in the nitrosyl is rather large

[1.16 (1) AÊ ] compared with other Ru±nitrosyl complexes (see,

for example, Wescott & Enemark, 1999). This is probably

related to the presence of the ethoxy group trans to the

nitrosyl, as has been shown previously by Hagihara et al.

(2000). This interaction is also responsible for the short RuÐ

O2 bond distance observed for the ethoxy group [1.898 (7) AÊ ],

which is in good agreement with what has been observed for
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Figure 1
A view of the molecule of (I) showing the atom-labelling scheme.
Displacement ellipsoids are drawn at the 30% probability level and H
atoms are shown as small spheres of arbitrary radii.
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other Ru±nitrosyl complexes with a trans hydroxy ligand

(Wong et al., 1992; Bruno et al., 2000).

In summary, compound (I) is the ®rst example of an Ru

complex in which the metal is bonded to N atoms in three

different hybridization states. The remarkable differences in

the bond distances give an excellent illustration of the

different kinds of interaction between the metal and each

ligand.

Experimental

The precursor compound, trans-RuCl2(dmso)4, was synthesized as

described by Evans et al. (1973). Tetramethylethylenediamine

(TMED) was distilled from metallic sodium under an inert atmos-

phere before use. The other reagents were used as provided. TMED

(1.10 g, 10 mmol) was added to a solution of trans-RuCl2(dmso)4

(102 mg, 0.21 mmol) in ethanol (30 ml). The solution was re¯uxed for

90 min; the colour of the solution changed from yellow to pale

orange. The solvent was then removed under vacuum and the solid

product washed with diethyl ether. This product was dissolved in

degassed ethanol under an argon atmosphere, and Zn/Hg was added.

After stirring for 30 min, the solution was ®ltered using Schlenk

techniques. NaNO2 (0.35 g, 5 mmol) was added to the ®ltrate and the

suspension was re¯uxed for 40 min under argon. After removing the

excess NaNO2 by ®ltration, the solvent was removed under vacuum.

The orange product obtained was washed several times with distilled

water and dried over silica under vacuum. The crude product was

dissolved in CH2Cl2 and loaded onto a silica column with 1:1 CH2Cl2/

MeOH elution of the desired product. The selected fraction was

dried, yielding 10 mg of an orange solid (yield 13%). Single crystals of

(I) were grown at 254 K by slow diffusion of diethyl ether into an

acetonitrile solution of the orange product.

Crystal data

[Ru(C2H5O)(NO)(NO2)2(C6H16N2)]
Mr = 384.37
Trigonal, P31

a = 7.930 (2) AÊ

c = 20.210 (9) AÊ

V = 1100.6 (6) AÊ 3

Z = 3
Dx = 1.740 Mg mÿ3

Cu K� radiation
Cell parameters from 25

re¯ections
� = 10.1±21.6�

� = 8.97 mmÿ1

T = 293 (2) K
Prism, dark orange
0.08 � 0.06 � 0.06 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

Non-pro®led !/2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.439, Tmax = 0.566

1593 measured re¯ections
1398 independent re¯ections (plus

41 Friedel-related re¯ections)

1431 re¯ections with I > 2�(I)
Rint = 0.045
�max = 69.8�

h = 0! 9
k = ÿ9! 0
l = 0! 24
1 standard re¯ection

frequency: 30 min
intensity decay: 1%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.035
wR(F 2) = 0.094
S = 1.15
1439 re¯ections
207 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0392P)2

+ 4.2825P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.87 e AÊ ÿ3

��min = ÿ1.72 e AÊ ÿ3

Absolute structure: Flack (1983)
Flack parameter = 0.04 (2)

During the re®nement process, about two-thirds of the H atoms in

the molecule were found among the ®rst 25 peaks of the difference

Fourier map. However, all H atoms were positioned stereochemically

and re®ned with a riding model (CÐH = 0.96 or 0.97 AÊ ). The methyl

groups were treated in the re®nement as rigid bodies and allowed to

rotate around the corresponding CÐC bond.

Data collection: CAD-4 EXPRESS (Enraf±Nonius, 1994); cell

re®nement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms,

1995); program(s) used to solve structure: SHELXS97 (Sheldrick,

1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); molecular graphics: ORTEP-3 (Farrugia, 1997); software used

to prepare material for publication: WinGX (Farrugia, 1999).
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Table 1
Selected geometric parameters (AÊ , �).

RuÐN1 1.754 (9)
RuÐO2 1.898 (7)
RuÐN5 2.10 (1)
RuÐN4 2.11 (1)

RuÐN3 2.185 (9)
RuÐN2 2.205 (9)
N1ÐO1 1.16 (1)

N1ÐRuÐO2 176.8 (4)
N1ÐRuÐN5 87.9 (4)
O2ÐRuÐN5 93.3 (4)
N1ÐRuÐN4 86.3 (4)
O2ÐRuÐN4 90.7 (4)
N5ÐRuÐN4 90.6 (4)
N1ÐRuÐN3 94.7 (4)
O2ÐRuÐN3 88.2 (3)
N5ÐRuÐN3 92.7 (3)
N4ÐRuÐN3 176.6 (4)
N1ÐRuÐN2 95.8 (4)
O2ÐRuÐN2 83.3 (3)

N5ÐRuÐN2 174.0 (4)
N4ÐRuÐN2 94.3 (4)
N3ÐRuÐN2 82.4 (3)
O1ÐN1ÐRu 171 (1)
C4ÐN2ÐRu 105.0 (6)
C3ÐN3ÐRu 105.7 (6)
O4ÐN4ÐRu 120.8 (8)
O3ÐN4ÐRu 117.7 (8)
O6ÐN5ÐRu 122.0 (8)
O5ÐN5ÐRu 117.7 (9)
C5ÐO2ÐRu 134.7 (7)


