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Summary

A number of symmetrical and unsymmetrical bis-arene-ruthenium cations has
been prepared and their reduction with sodium borohydride studied. Hydride
hydrogen is shown to add preferentially to the less alkylated ring. The condi-
tions are established, which allow the preparation of a new, previously unknown,
cationic complex of arene-cyclohexadienyl-ruthenium by stepwise addition of
hydride hydrogen.

Introduction

The arene complexes of ruthenium find wide application as catalysts in the
hydrogenation of unsaturated compounds [1—3]. Although some of them are
prepared from bis-arene-ruthenium cationic complexes [7], the methods for
their synthesis and their properties have not been studied thoroughly. The
Fischer method, involving the interaction of RuCl; with arene in the presence
of AlICl; and Al [4—7], provides symmetrical bis-arene-ruthenium cations only.
To prepare unsymmetrical cations the method of stepwise introduction of
arenes, involving the interaction of [C;HsRuCl;]., with AgBF, in acetone, to
form a trisacetone complex is used [8,9]. Acetone is then removed from the
latter by refluxing with arene in CF;COOH:

[CeHRUCL, ], + AgBF, + S » [CeHcRUS:1(BF ), C::%; [CcH(Ru arene](BF.)»
(S = CH;COCH,)

Results and discussion

We have prepared a number of symmetrical and unsymmetrical bis-arene-
ruthenium cations. Following the Fischer method and using heptane as a solvent
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we obtained in good yield [mes,Ru](BPh,); (complex I), where mes = 1,3,5-
{(CH3)3C¢H3. For the preparation of unsymmetrical bis-arene-ruthenium cations
we somewhat modified the method using silver salts, namely, the first step of
reaction was carried out in water (S = H,O) instead of acetone, and thus we
obtained a number of bis-arene-ruthenium tetrafluoroborates IIa—IIg (see Table
1). The use of water as a solvent permitted use in the reaction not only of silver
tetrafluoroborate, but of the more available silver nitrate as well, the salt being
readily isolated in the form of the tetraphenylborate poorly soluble in water.
Following this procedure we obtained [CHRu mes](BPh,), (III). The obtained
complexes I—1II are air-stable, white or pale yellow compounds, insoluble in
ether and benzene. Tetraphenylborates are soluble in acetone and nitromethane;
tetrafluoroborates in nitromethane and dimethylsulphoxide.

The reduction of bis-arene-ruthenium cations to neutral arene-cyclohexa-
diene-ruthenium complexes has been earlier described only from bis-benzene-
ruthenium dication [5], so it was of interest to investigate the effect of substi-
tuents in the arene rings on the direction of the hydride attack and estimate a
possibility for conducting the process stepwise.

It was found in all experiments that reduction with sodium borohydride
in THF led to formation of neutral arene-cyclohexadiene complexes in more
than 70% yield. Generally, a mixture of isomers IV and V was expected to be
obtained; the ratio of isomers was determined by mass spectrometry of the reduc-
tion products. The mass spectrum of IVa indicates that the diene ring is always
the first to be lost. As might be expected, the treatment of complexes of various
arenes by NaBH, resulted in prevailing hydrogenation of the less alkylated ben-
zene ring which becomes a diene ring and is seen to be lost in the mass spectrum.
Using mesitylene as a second arene results in the formation of complex IVb
exclusively, while with toluene and p-xylene a mixture of IVc, d and Vg, d, res-
pectively, is formed (ratio ~ 70 :30).

12
@Rn @ ’ @Rn
NaBH.,
Ru — - Ru * Ru
@Rm - @Rm @Rm
(IVva-ivd) (Va-vd)

a.Rp = Rp= 13,5-(CH3)3
b,Rp = 1,35—(CH3)s : Rp= H
€.Ryp= 1.4—(CH3)s; Rp= H
d,Rp= CH3 ;Rp= H

Complexes IV and V are practically colourless, unstable, solid, low-melting com-
pounds.

We found that when the reduction process is carried out in water an unknown
intermediate monocationic arene-cyclohexadienyl-ruthenium can be isolated
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TABLE 1
YIELDS AND ANALYTICAL DATA FOR COMPLEXES [CsHgRu-arenel(BF ),

No. Arene Yield Anal. (Found (calc.) (%))
(%)
C H B Ru
Iia 1,3,5(CH3)3CgH3 73 38.11 4.17 4.55 21.00
(38.09) (3.84) (4.57) (21.26)
IIb 1,4-(CH3)2CgHg 77 36.91 3.94 4.68 21.92
(36.64) (3.51) 4.71) (22.02)
Ilc CH3CgHs 74 34.87 3.47 1.87 29215
(35.09) (3.17) (4.86) (22.71)
Iid n-C5H11C6H5 78 -— —_— 4.26 20.19
(4.32) (20.17)
e CioHg(naphthalene) 70 — — 4.37 21.24
(1.50) (21.01)
1If C6H50C2H5 76 -— —_— 4.32 21.10
(4.55)  (21.28)
IIg 1,3.5-(CH3)3CgH2(CH,)3COO0H 84 — — 3.90 18.30

(3.87) (18.08)

along with a small amount of neutral arene-cyclohexadiene-ruthenium, for
instance:

- CHg 7] 2+ F CHg I+
CH- CH;
1. NaBH 4 (H>O _
Ru “CH, (BF4);, Sy Ru “CHs Y
| ] i .<G ]
(lla) (V1)
a;Y = BPh,.b; Y = PFg

Further reduction of Via with sodium borohydride in THF yields the com-
plex IVb. The '"H NMR spectrum of complex VIb corresponds to the structure
suggested. In particular, signals can be seen from aromatic protons of mesitylene
(6 = 6.01 ppm, singlet), methyl groups (6 = 2.25 ppm, singlet) and cyclohexa-
dienyl ring (H(4): 6 = 6.02 ppm, triplet,J = 6 Hz; H(3,5): § = 5.07 ppm, triplet,
J =6 Hz; FH(2,6): 6 = 3.18 ppm, triplet, J = 6 Hz; Hg(exo): 6 = 2.62 ppm, double
triplet, J, = 15 Hz, J, = 6 Hz; H (endo): § = 2.22 ppm, doublet, J = 15 Hz).

Experimental

IR spectra were recorded on a UR-20 spectrometer. *H NMR spectra were
obtained on a Hitachi-Perkin-Elmer R-20 instrument (60 MHz) in acetone-d,
using HMDS as internal reference. The chemical shifts are cited on the & scale
in ppm. Mass spectra were recorded on an AEI MS-30 spectrometer equipped
with a DS-50 data processing system at 70 eV ionizing energy.
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Preparation of [mes.RuJ(BPhs), (I)

To RuCl; (0.5 g, 2.4 mmol) was added Al (0.065 g, 2.4 mmol), mesitylene
(3 ml) and an excess of AICl; (3 g, 22.5 mmol) in heptane (20 ml). The mix-
ture was stirred under reflux for 8 hours in an argon atmosphere. After decom-
posing the mixture with water, the solution was filtered, the aqueous layer
separated, and aqueous solution of sodium tetraphenylborate was added. The
precipitate was filtered off, washed with water, dried in vacuo over P,0; and
precipitated twice from acetone by ether to give a solid (1.29 g, 55%), m.p.
198—200° C (decomp.). Found: C, 80.85; H, 6.66; B, 2.19; Ru, 10.07.
Cgslg4B2Ru caled.: C, 80.90; H, 6.58; B, 2.21; Ru, 10.31%.

Preparation of [CcHgRu arene](BF ), (II) complexes

To [CcHRUCl,], (0.25 g, 0.5 mmol) was added AgBF, (0.39 g, 2 mmol) in
water (10 ml) and the mixture was stirred at room temperature for 10 min. The
precipitate was filtered off and the solution was evaporated in vacuo. The resi-
due was dissolved in CF3;COOH (5 ml), arene (~0.5 g) was added and the mix-
ture was refluxed for an hour. After removing the solvent in vacuo the residue
was washed with ether and precipitated from nitromethane by ether. All of the
prepared complexes are slowly decomposed without melting in the 240—270°C
range. Table 1 lists yields and elemental analysis data. IR spectrum (KBr) of Ilg:

1740 em™! [p(C=0)].

Preparation of [CeH¢Ru mes](BPh, ), (III)

To [CcHRuCl,]; (0.25 g, 0.5 mmol) was added AgNO; (0.34 g, 2 mmol) in
water (10 ml) and the mixture was stirred at room temperature for 10 min. The
solution was filtered and evaporated in vacuo. The residue was dissolved in
CF,;COOH (5 ml), mesitylene (0.5 ml, 4.3 mmol) was added and the reaction
mixture was kept under reflux for an hour. After removal of the solvent in
vacuo the residue was dissolved in water and treated with an excess of an aque-
ous solution of NaBPh,. The formed precipitate was washed with water, dried
over P,O;s and precipitated from acetone by ether to give 0.6 g (64%) of solid
compound, m.p. 120—122°C (decomp.). Found: B, 2.28; Ru, 10.75.
CssHsB,Ru caled.: B, 2.31; Ru, 10.78%.

Reduction of [mes,Ru](BPh,), (I)

The mixture of complex I (0.99 g, 1 mmol) and NaBH, (0.1 g, 2.6 mmol) in
dry THF (10 ml) was stirred in an argon atmosphere at room temperature for
20 hours. Pentane (20 ml) was added and the solution was filtered and evapor-
ated in vacuo. The residue was extracted with pentane and chromatographed on
a column with disactivated Al,0O5 (5% H,0) with pentane. The pale yellow frac-
tion was collected, evaporated in vacuo and the residue was recrystallized from
pentane at —78°C to give complex IVa (0.12 g, 35%), m.p. 85—87°C (decomp.).
Mass spectrum, m/e (ion): 341—3846 * (M*), 219—224 ([M — CcHs(CHj)a]").

* R .
Corresponds to the value calculated for the natural mixture of ruthenium isotopes 9ru—1%gu.
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Reduction of [CcHsRu mes](BF,), (Ila)

The reaction was carried out as described previously. After 8 hours of stirring
the solution was treated similarly to give complex IVb, 76%, m.p. 53—54°C.
The samc product was obtained on reduction of complex III. Mass spectrum:
299—304 (M), 219—224 (M — C¢He1")- There are no [M — CH(CH;)31" peaks.

Reduction of [CcHcRuCH(CH3),-p](BF3), (IIb)

The reaction was carried out as described previously to give a mixture of
complexes IVc and Ve with total yield 76%, m.p. 75—76°C (decomp.). Mass
spectrum: 285—290 (M*), 205—210 ([M — C¢Hgl"), 177—182 ([M —CeHe-
(CH;),1"). IVec: Ve ratio ~70:30.

Reduction of [CcHRuCHsCH;]{(BF ), (Ilc)

The IVd and Vd mixture was obtained in the same way in 72% total yield,
m.p. 6—8°C. Mass spectrum: 271—276 (M*), 191—196 (J[M — CH,]"), 177—182
([M — C¢H,CH31™). IVA: Vd ratio ~70:30.

Reduction of Ila in water

NaBH, (0.38 g, 10 mmol) was added stepwise under stirring in an argon
atmosphere over a period of 2 hours to the mixture of [CcHsRu mes](BF,),
(0.47 g, 1 mmol), water (20 ml) and pentane (20 ml). After stirring for an hour
the layers were separated. The pentane layer was chromatographed on an Al,O,
column and the residue after evaporation was recrystallized from pentane to
give 35 mg (12%) of mesRuC¢Hjg (IVDb). After filtering the aqueous layer an
excess of NaBPh, was added. The precipitate formed was filtered off, washed
with water, dried over P,0; and precipitated from acetone by ether to give
0.36 g (568%) of a pale yellow fine crystalline compound [mesRuC.H,]BPh,
(VIa), m.p. 150—160°C (decomp.). Found: C, 75.67; H, 6.35; B, 1.97.
CssH3sBRu caled.: C, 75.60; H, 6.34; B, 1.74%.

If an excess of saturated NHPF¢ solution is added instead of NaBPh, solu-
tion, 0.21 g (47%) of [mesRuC,H,]PF¢ (VIb), m.p. 227—228°C (decomp.) will
be formed. Found: C, 40.90; H, 4.43; P, 6.54. C,;H,,FPRu caled.: C, 40.45;
H, 4.30; P, 6.95%.

Reduction of [mesRuC.H.]BPh, (Via)

The mixture of complex VIa (0.31 g, 0.6 mmol) and NaBH, (0.05 g) in THF
(10 ml) was stirred in an argon atmosphere at room temperature for 8 hours.
Further treatment was carried out as previously described for reduction of com-
plexes I—I1I to give 56 mg (37%) of IVb, m.p. 52—54°C.
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