
Mendeleev Commun., 2013, 23, 133–134

–  133  –© 2013 Mendeleev Communications. All rights reserved.

Mendeleev
Communications

Due to facile replacement of labile acetonitrile ligands, the 
cyclopentadienyl ruthenium complexes [(C5R5)Ru(MeCN)3]+ 
are widely used in organometallic synthesis1 and catalysis.2,3 
However, little is known about analogous cyclohexadienyl com­
plexes [(h5-C6R7)Ru(MeCN)3]+. Only the 6,6-dimethyl-substi­
tuted derivative [(h5-C6H5Me2)Ru(MeCN)3]+ was briefly described 
previously.4 Here we report the synthesis of parent complex 
[(h5‑C6H7)Ru(MeCN)3]+ 1 and its reactions with cyclopenta­
dienide and tricarbollide anions.

The reduction of bis(benzene)ruthenium dication [Ru(C6H6)2]2+ 
by NaBH4 at –20 °C gives cyclohexadienyl complex [(h5-C6H7)-
Ru(C6H6)]+ 2 in 65% yield (Scheme 1).† Further ultraviolet 
irradiation of 2 in MeCN results in the replacement of a benzene 
ligand to afford acetonitrile complex 1 in ~75% yield. A similar 
procedure was used previously to obtain the cyclopentadienyl 
congeners [(C5R5)Ru(MeCN)3]+ (R = H, Me).5 Complex 1 is air-
sensitive, and it decomposes within several days in air even in 
a solid state. Under an argon atmosphere, 1 is stable as a solid, 

but it decomposes in a nitromethane solution giving starting 
benzene complex 2. This process is slow at room temperature 
(10% conversion in four days) and fast at 60 °C (100% in 4 h). 
In overall, 1 is less thermally stable than [(C5R5)Ru(MeCN)3]+ 
and [(h5-C6H5Me2)Ru(MeCN)3]+ (both can be heated at 100 °C)4,5 
but more stable than its iron analogue [(h5-C6H7)Fe(MeCN)3]+ 
(which decomposes at 20 °C).6

To explore the synthetic utility of cation 1, we studied its 
reactions with anionic ligands. Unexpectedly, the reaction with 
Tl[C5H5] gives benzene complex [(C6H6)Ru(C5H5)]+ 3 (54%) as 
a result of formal hydride abstraction from the expected product 
(h5-C6H7)Ru(C5H5) (Scheme 2).‡ On the other hand, the less 
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The UV irradiation of [(h5-C6H7)Ru(C6H6)]+ in MeCN gives the title complex, in which acetonitrile ligands are readily replaced by 
cyclopentadienide and tricarbollide anions; the structure of the tricarbollide derivative 1-(h5-C6H7)-12-ButNH-1,2,4,12-RuC3B8H10 
was established by X-ray diffraction analysis.

†	 [1]PF6: Under an argon atmosphere, a solution of [2]PF6 (1 g, 2.48 mmol) 
in 200 ml of MeCN was irradiated for 4 h using an immersed 250 W UV 
lamp with a quartz jacket and water cooling. The solution was constantly 
bubbled with argon to maintain inert conditions. After irradiation, the 
solvent was evaporated in vacuo, and the solid residue was washed with 
Et2O and dried to produce 836 mg (75%) of yellow air-sensitive powder 
of [1]PF6. 1H NMR (CD3CN) d: 5.76 (t, 1H, C6H7, J 5 Hz), 4.37 (t, 2 H, 
C6H7, J 5 Hz), 2.44 (m, 1H, C6H7), 2.33 (t, 2 H, C6H7, J 5 Hz), 1.94 (s, 
9 H, MeCN), 1.57 (d, 1H, C6H7, J 13 Hz). 1H NMR (CD3NO2) d: 6.02 
(br. s, 1H, C6H7), 4.61 (br. s, 2 H, C6H7), 2.79 (br. s, 1H, C6H7), 2.66 (br. s, 
2 H, C6H7), 2.59 (s, 9 H, MeCN), 1.81 (d, 1H, C6H7, J 10 Hz). 13C NMR 
(CD3NO2) d: 90.45, 69.65, 32.01, 22.84 (C6H7), 2.14 (MeCN). HRMS 
(ESI), m/z: 263.0130 (M – MeCN – PF6) with the expected isotopic distri­
bution; calc. for [C10H13N2Ru]+, m/z: 263.0119.
	 [2]PF6: Under an argon atmosphere, a suspension of [Ru(C6H6)2](BF4)2 
(1.508 g, 3.50 mmol) and NaBH4 (133 mg, 3.50 mmol) in THF (15 ml) 
was stirred at about –20 °C for 2 h. The mixture was then warmed to room 
temperature and opened to air. HBF4 (0.2 ml, 48% aqueous solution) was 
added, and the mixture was stirred for 5 min. The solvent was evaporated 
in vacuo, and the solid residue was extracted with CH2Cl2. The extract 
was evaporated, and the product was reprecipitated from CH2Cl2 by Et2O 
to give 784 mg (65%) of faint yellow air-stable crystals of [2]BF4. The salt 
[2]PF6 was quantitatively precipitated from an aqueous solution of [2]BF4 
by the addition of KPF6. 1H NMR (acetone-d6) d: 6.60 (t, 1H, C6H7, J 6 Hz), 
6.42 (s, 6 H, C6H6), 5.26 (t, 2 H, C6H7, J 6 Hz), 3.78 (t, 2 H, C6H7, J 6 Hz), 
2.72 (m, 1H, C6H7), 2.33 (d, 1H, C6H7, J 13 Hz). Found (%): C, 38.02; 
H, 3.27. Calc. for C12H13F6PRu·(Me)2CO (%): C, 37.51; H, 3.73. This 
compound was prepared earlier by a different method.9 For similar reduc­
tion procedures, see also ref. 10.
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‡	 [3]PF6: Under an argon atmosphere, a suspension of [1]PF6 (45 mg, 
0.1 mmol) and Tl[C5H5] (41 mg, 0.15 mmol) in THF (2 ml) was stirred 
overnight. The mixture was opened to air, the solvent was evaporated 
in vacuo, and the residue was extracted with Et2O. This extract did not 
contain any noticeable amount of the expected (h5-C6H7)Ru(C5H5). The 
remaining solid was dissolved in acetone/CH2Cl2 (1 : 1) and filtered through 
a short (3 cm) alumina column. The solution was evaporated in vacuo, 
and the residue was reprecipitated from CH2Cl2 by Et2O to give 21 mg 
(54%) of white air-stable crystals of [3]PF6. 1H NMR (acetone-d6) d: 6.33 
(s, 6 H, C6H6), 5.53 (s, 5 H, Cp), cf. ref. 5.
	 4: Under an argon atmosphere, a solution of [1]PF6 (59 mg, 0.13 mmol) 
and Na[C5H4COMe]·THF (34 mg, 0.17 mmol) in THF (2 ml) was stirred 
overnight. The mixture was opened to air, and the solvent was evaporated 
in vacuo. The residue was extracted with Et2O/CH2Cl2 (2 : 1) and filtered 
through a short (3 cm) alumina column. The solution was evaporated 
in vacuo, and the solid was crystallized from pentane at –78 °C to form 
25  mg (67%) of almost colourless air-stable crystals of 4. 1H NMR 
(acetone-d6) d: 5.87 (t, 1H, C6H7, J 6 Hz), 5.31 (t, 2 H, C5H4COMe, 
J 4 Hz), 4.87 (t, 2 H, C5H4COMe, J 4 Hz), 4.52 (t, 2 H, C6H7, J 6 Hz), 
2.61 (t, 2 H, C6H7, J 6 Hz), 2.46 (m, 1H, C6H7), 2.34 (s, 3 H, Me), 2.10 (d, 
1H, C6H7, J 6 Hz). Found (%): C, 54.47; H, 4.99. Calc. for C13H14ORu (%): 
C, 54.34; H, 4.91.
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reactive acetyl-substituted cyclopentadienide Na[C5H4COMe] 
converts 1 into cyclohexadienyl complex (h5-C6H7)Ru(C5H4COMe) 
4 (67%) without further hydride abstraction. Similar reaction 
with the tricarbollide anion [7-ButNH-7,8,9-C3B8H10]– (which is 
isolobal to cyclopentadienides) affords 12-vertex closo-ruthena­
carborane 1-(h5-C6H7)-12-ButNH-1,2,4,12-RuC3B8H10 5 in 85% 
yield. Note that the coordination of a ruthenium atom with the 
tricarbollide anion is accompanied by a typical room-temperature 
polyhedral rearrangement.7

The air-sensitive complex [1]PF6 was characterized by 1H and 
13C NMR spectra and a high-resolution mass spectrum. Com­
pounds 4 and 5 were characterized by 1H NMR spectroscopy and 
elemental analysis. The structure of 5 was established by X-ray 
diffraction analysis (Figure 1).§ The ruthenacarborane framework 
of 5 is generally similar to that of its cyclopentadienyl analogue 
1-C5Me5-12-ButNH-1,2,4,12-RuC3B8H10 with Ru···C2B3(plane) 
distances of 1.61 and 1.58 Å, respectively.8 However, compound 5 
exhibits a significant trans-influence of the carborane and cyclo­
hexadienyl ligands. In particular, the Ru(1)−C(5M) bond (2.177 Å) 
is noticeably shorter than the formally equivalent Ru(1)–C(1M) 
bond (2.230 Å) due to the trans-influence of the C(4) cage carbon 
atom. Accordingly, the Ru(1)–C(4) bond (2.239 Å) is noticeably 

longer than the formally equivalent Ru(1)–C(2) bond (2.179 Å). 
However, the symmetrical structure of 5 is observed in solution 
according to 1H and 11B NMR spectra.

Thus, we synthesized cyclohexadienyl ruthenium complex 1 
with labile acetonitrile ligands and demonstrated its application 
as a synthon of the [Ru(h5-C6H7)]+ fragment.
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Education and Science of the Russian Federation (grant no. 8435).
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	 5: Under an argon atmosphere, a solution of [1]PF6 (112 mg, 0.25 mmol) 
and Tl[7-ButNH-7,8,9-C3B8H10] (135 mg, 0.38 mmol) in THF (5 ml) 
was stirred overnight. The mixture was opened to air, and the solvent was 
evaporated in vacuo; the residue was extracted with Et2O. This solution 
was slowly evaporated in a flow of argon to give 82 mg (85%) of light 
yellow air-stable crystals of 5. 1H NMR (CDCl3) d: 5.97 (t, 1H, C6H7, 
J 5 Hz), 4.74 (dd, 2 H, C6H7, J 7 and 5 Hz), 3.07 (t, 2 H, C6H7, J 7 Hz), 2.81 
(m, 2 H, C6H7), 2.47 (s, 1H, NH), 2.00 (br. s, 2 H, CH), 1.31 (s, 9 H, 
But).  11B NMR (CDCl3) d: –9.6 (2 B), –14.2 (1B), –16.0 (2 B), –20.2 
(1B),  –24.1 (2 B). Found (%): C, 43.22; H, 7.47; B, 20.55. Calc. for 
C13B8H27NRu·0.5Et2O (%): C, 42.69; H, 7.64; B, 20.50.
§	 Crystalographic data for 5. Crystals of 5 (C13H27B8NRu, M = 384.91) 
are monoclinic, space group P21/n, at 100 K: a = 9.1474(4), b = 16.8022(7) 
and c = 11.9053(5) Å, b = 108.9590(10)°, V = 1730.54(13) Å3, Z = 4 (Z' = 1), 
dcalc = 1.477 g cm–3, m(MoKa) = 8.97 cm–1, F(000) = 784. Intensities of 
20 851 reflections were measured with a Bruker SMART APEX2 CCD 
diffractometer [l(MoKa) = 0.71072 Å, w-scans, 2q < 58°], and 4597 
independent reflections (Rint = 0.0232) were used in further refinement. 
The structure was solved by direct method and refined by the full-matrix 
least-squares technique against F2 in the anisotropic-isotropic approxi­
mation. The refinement converged to wR2 = 0.1317 and GOF = 1.047 for 
all the independent reflections [R1 = 0.0384 was calculated against F for 
4284 observed reflections with I > 2s(I)]. All calculations were performed 
using SHELXTL PLUS 5.0.11

	 CCDC 924089 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2013.
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Molecular structure of compound Figure  1  5 with ellipsoids at a 50% 
probability level. The disordered part of the molecule and all hydrogen 
atoms except those of CH2 and NH groups are omitted for clarity. Selected 
interatomic distances (Å): Ru(1)–C(2) 2.179(3), Ru(1)–B(3) 2.174(4), 
Ru(1)–C(4) 2.238(3), Ru(1)–B(5) 2.182(3), Ru(1)–B(6) 2.156(3), Ru(1)– 
C(1M) 2.230(3), Ru(1)–C(2M) 2.189(3), Ru(1)–C(3M) 2.210(3), Ru(1)– 
C(4M) 2.178(3), Ru(1)–C(5M) 2.177(3).


