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Abstract 

The oxidative addition of pyridinium salts of Brcnsted acids to [Ru3(CO)12 ] provides a straightforward and easy way to a new class of 
H-RuII complexes. These have the H trans to either N or O donors which increases their hydridic character. 
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1. Introduct ion 

Since the first report by Lewis et al. in 1969, the 
reactions between [Ru3(CO)12] and sulphonic or car- 
boxylic acids have been studied by a number of workers 
[1]. The initial reaction produces dihydrogen and /x 2- 
r/Z-sulphonato or/~2-7/2-carboxylato dinuclear RuI com- 
plexes as primary products. Pyridine (py) can also be 
orthometallated upon reaction with [Ru3(CO)12] [2]. 
Nevertheless, neither reaction is observed when 
[Ru3(CO)12] is treated with acids in py and a novel 
reaction without dihydrogen evolution takes place in 
minutes at 95°C. Analysis of the products isolated in 
nearly quantitative yields, and gas volumetric measure- 
ments of the CO evolved, indicate the stoichiometry of 
Eq. 1 for such an oxidative addition of Brcnsted acids 
to [Ru3(CO)12] in py solution. 

[Ru3(CO)a2] + 3HX 

py'95°C> 3[RuUX(CO)2(py)2] + 6CO (1) 

x = OOS(O)Tol, OOCF3 

In the solid state, the p-toluensulphonate complex 
displays three IR absorptions in the CO stretching re- 
gion. The two of higher intensity at 2038(s) and 1968(vs) 
indicate cis carbonyls, while that at 2009 cm-1 (absent 
in the product obtained with deuterated acid) is at- 
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tributed to the (Ru-H). A crystallographic analysis of 
[RuH(OOS(O)Tol)(CO)2(py)2] 1 proves the trans, cis, 

cis geometry (Fig. 1) [3]. 
However, in solution rearrangements can occur. In 

CH2CI 2 solution, 1 exhibits a dynamic behaviour over 
an hour at room temperature. The IR difference spec- 
trum between a freshly prepared solution (2048(s), 
1974(vs) cm -1) and the same after equilibration shows 
that the two u(CO) bands of 1 are reduced in intensity 
and are accompanied by two new absorptions at 2043 
and 1961 cm -1. Correspondingly, in CDEC12 the reso- 
nance of the hydride ligand of 1 at -14 .10  ppm 
decreases in intensity, while a new singlet arises at 
- 1 1 . 3 0  ppm. At the equilibrium, the integration ratio 
shows that 10% of the original 1 has been converted 
into another isomer, 2. Based on the two v(CO) bands 
of the latter (see above), the presence of cis carbonyls 
is inferred. However, the hydride chemical shift of less 
than - 10 ppm excludes a carbonyl trans to hydrido [4] 
and the geometry of Fig. 2 is indicated. 

On dissolving 1 in deuterated py, a fast equilibration 
occurs and three hydride resonances ( - 1 0 . 4 0 ,  
- 11.0, - 13.30 ppm) are observed. The two at - 13.30 
and -10 .40  can be tentatively attributed to 1 still 
present in the equilibrium mixture and to isomer 2, 
respectively. The integration ratios at room temperature 
show that these two components are present in ca. 3 : 1 
ratio and that they constitute 50% of total hydrides. The 
third resonance at - 1 1 . 0  ppm is attributed to a cationic 
complex whose relative concentration is probably af- 
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Fig. 1. Projection of the molecular structure of 1. Ru-C(1) 1.852(3), 
Ru-C(2) 1.861(3), Ru-N(ol) 2.159(2), Ru-N(2) 2.161(2), Ru-O(3) 
2.217(2), Ru-n(1) 1.60 A, C(1)-Ru-C(2) 89.1(1), C(1)-Ru-N(1) 
174.2(1), C(2)-Ru-N(1) 91.4(1), C(1)-Ru-N(2) 93.3(1), C(2)-Ru- 
N(2) 175.8(1), N(1)-Ru-N(2) 85.83(8), C(1)-Ru-O(3) 99.6(1), 
C(2)-Ru-O(3) 98.9(1), N(1)-Ru-O(3) 86.11(7), N(2)-Ru-O(3) 
84.07(8) ° . 

fected by the dielectric constant of the medium, so that 
only this resonance is observed in D20 pyridine-d 5 1 : 5 
vol : vol. The tetraphenylborate salt of this cationic com- 
plex, [RuH(CO)2(py)3][BPh4] 3, was precipitated' in 
quantitative yield by addition of CH3OH to a py solu- 
tion of 1 and NaBPh 4. When redissolved in deuterated 
py, this product, exhibits a single hydride resonance at 
- 1 1 . 0  ppm, confirming that 3 the major component in 
the equilibrium mixture generated from 1 in py. 3 
displays two vCO bands, both in CH2CI 2 (2053(s), 
1984(vs) cm -1) and in the solid state (2037(s), 1968(vs) 
cm-1), while v(Ru-H) is at 2016 cm -1 in the solid 
state. These 1H NMR and IR spectra indicate the fac  
disposition of py (Fig. 3). 

A preliminary crystallographic analysis of 3 confirms 
this conclusion [5]. 

As expected (Eq. 1), pyridinium trifluoroacetate adds 
oxidatively to [Rus(CO)~2] in a fashion analogous to 
pyridinium 4-toluensulphonate and so reaction 1 seems 
to be applicable to a wide range of Brcnsted acids. The 
analysis of the colourless solid product, [RuH(OC(O)- 

H 
CO... I /OOS(O)Tol 

4 Ru 
CO "~py 

PY 

Fig. 2. Geometry of complex 2 in equilibrium with 1 in CH2C12 
solution. 

I  uC°] + PY-. 

/py," I 
L PY J 

Fig. 3. Geometry of the cationic complex 3 generated from 1 in 
py/H:O solution. 

CF3)(CO)2(py)2], corresponds however to two different 
geometric isomers, neither of which was obtained in 
pure form. The IR spectrum in the solid state displays 
absorptions at 2042(s), 1960(vs. broad) cm -1 due to cis 
carbonyls, at 2000(m) cm -1 (shifted to 1440 when 
CF3COOD is employed) due to v(Ru-H) and at 1689 
cm-1 due to the asymmetric vibration of the monoden- 
tate carboxylate [6]. The 1H NMR spectrum of a freshly 
prepared CD2CI 2 solution shows two resonances at 
- 11.3 and - 12.6 ppm with their integral ratio equal to 
2 in favour of the lower chemical shift resonance. On 
standing, equilibration occurs within an hour and a ratio 
of nearly 1 is obtained at room temperature. Such an 
equilibration between two isomers can be followed also 
by IR spectroscopy and two new bands at 2045 and 
1970 cm -1 can be seen in the difference spectrum. 
These spectroscopic features imply equilibrium (2) be- 
tween the two isomeric (hydrido)-trifluoroacetato com- 
plexes of carbonylpyridine ruthenium(II), 4 and 5. 

H H 

py...  [ / . C O  CO... I I CO 
Ru " Ru 

py¢" "~CO py¢" "~OC(O)CF 3 

OC(O)CF 3 PY 

4 5 

(2) 
Compounds 1-5 are rare examples of hydrido com- 

plexes of RulI without P or As ligands [7]. When these 
are present, the H atom is generally trans to tertiary 
phosphines or arsines, or trans to CO if this rr-acid 
ligand is also present [8]. With only sulphonato or 
carboxylato, py and CO coligands, the H is found trans 
to N or O hard o--donor atoms. This is expected to 
increase the hydridic nature of H-Ru  bond, and a novel 
coordination chemistry can be envisaged. In contrast, 
cis-[Ru(bpy)2(CO)H] + [9] (bpy = 2 , 2 '  bipyridine), 
where a similar H - R u - N  trans configuration exists, is 
attracting much attention, because it is implicated as an 
intermediate in the homogeneous WGS reaction [10] 
and in the photochemical [11] and electrochemical [12] 
reduction of CO 2 to formate. 

Preliminary investigations confirm the hydridic na- 
ture of 1-5, since dihydrogen is evolved on treating 
with 4-toluensulphonic or trifluoroacetic acid in CHzCI 2 
solution. 
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2. Experimental details 

[Ru3(CO)12] (3.2 g) and p-toluensulphonic acid (2.7 
g) were heated at 95°C in py (25 ml) for 10 min. The 
pale yellow solution, when evaporated to dryness under 
reduced pressure, left an oil which was dissolved in 30 
ml of EtOH. Upon addition of 300 ml of Et20 to this 
solution cooled at 0°C, 6 g of 1 (82% yield) were 
obtained as colourless crystals, suitable for structure 
determination. The same procedure was followed for 
the reaction with CF3COOH. 

Full X-ray structural parameters have been deposited 
with the Cambridge Crystallographic Data Centre. 
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