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The usual preparation of metal—acetylacetonates
consists of treatment of the metal chloride with
acetylacetone in aqueous base, followed by extrac-
tion with organic solvents. In the course of syn-
thesising [Ru(acac);] we found that evaporation of
the aqueous layer remaining after separation of the
trischelate and Soxhlet extraction of the solid ob-
tained with CH,Cl, gave a purple solid analysing as
[Ru(acac)Cl,] (Z) in 10—15% yields based on RuClj,
along with a CH,Cl,-insoluble maroon residue of
variable composition. We have begun an investigation
of the reactivity of this species and this paper reports
our initial results.

Further studies showed that reaction of ‘RuCl,-
xH, O’ with acetylacetone in acid solution (HCI, pH =
1.2) for 3 hr gave a 50—60% yield of the dichloro-
acetonate after washing with ether, evaporation, ex-
traction in CH,Cl,, drying and recrystallization from
CH,Cl,/hexane. This is the preferred mode of prepa-
ration. The complex is soluble in water, sparingly
soluble in chlorinated solvents, alcohol and acetone,
and insoluble in benzene, hexane and ether.

The properties of the complex are given in Table
I. The absence of bands due to carbonyl stretching
above 1600 cm™! in the infrared spectrum and the
similarity of this spectrum with the known K[Pt-
(acac)Cl, ]~ [1], indicates that the acetylacetonate

L111

is bound in the normal manner through both
oxygen atoms. The molecular weight in water indi-
cates a monomeric species, presumably with axial
solvent ligands. The proposed structure is therefore:
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Slight changes in visible maxima are observed in
donor solvents such as DMSO, MeOH and CH;CN due
to formation of solvent adducts. The complex is a
non-conductor in nitromethane and water.

Adduct formation with donor adducts such as
phosphines is also observed. Diphenylphosphino-
ethane (dppe) reacts in CH,Cl, (6 hr reflux) to give
[Ru(acac)Cl,(dppe)] as a red solid. Similar results are
obtained with bipyridine giving a green product. The
LR. data indicate the acetylacetonate anion to be
bound in the same manner as the starting material.
Mixed halo—acetylacetonate complexes are not in
fact very common; the analogous iron species is
known [2] and similar adducts are obtained. More
basic phosphines may reduce Ru(lIl) to Ru(Il) and
this aspect is under investigation. No reaction of /
with CO is observed.

Electrophilic substitution of the central carbon
atom in tris(acetylacetonate)metal complexes has
been extensively studied [3, 4], and reactions such as
halogenation can be easily achieved. Complex / reacts
readily with N-bromosuccinimide or Br; to give deep
blue solutions in chloroform. We have also noted
similar reactions with [Ru(acac);]; attempts to iso-

TABLE I. Physical Properties of Dichloroacetylacetonateruthenium(IIl)2.

Visible Spectra LR.cm™1b Mol. Wt.¢  Conductivityd
— Q! em? mol™!
Amax IM (e X1073) Solvent
370(3.2) 505(2.1) H,0
1570, 1387 »(CO)
375(3.4) 525@2.1) CH,Cl,
1210 S(C‘,H) 343 9
405(1.3) 510(0.8) THF
820 m(CH)
390(1.4) 520(1.4) CH3;CN
350 v(Ru—Cl)
385(1.9) 525(1.3) CH3;0H
395(1.5) 5500(0.9) DMSO

8Elemental analysis: C, 22.14; H, 2.58; C1, 26.10%. Calcd. for CsH,Cl,ORu: C, 22.68; H, 2.95; Cl. 25.35%.

¢In H, 0. Calcd. for Ru(acac)Cl, (H,0), 307.  9In MeNO,.
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late pure solid have only given non-recrystallisable
oils until now. The reactions are of interest however
in that substitution occurs more readily for the
monoacetylacetonate than the tris adduct, indicating
a greater acidity of the ry-carbon-hydrogen atom in
the former case.

A further interesting property of this complex is
its behaviour in the presence of bases. In aqueous
basic solution (CO;%~, OH") and at pH>7.8, the
blue-purple solution immediately turns green (<1
min) with Ap,y =670 nm. Although reversible with
acid, this solution is unstable and eventually turns
yellow-brown (t;,, =55 min) independent of base
concentration (Fig. 1). This behaviour is paralleled in
non-aqueous solvents such as CH,Cl, and CH;0H in
the presence of aliphatic amines such as piperidine
and triethylamine (Ky, = 5.1 and 2 X 1073 respective-
ly). The green complex /I may be readily isolated
from piperidine/CH,Cl, by precipitation with
hexane. The very hygroscopic complex has similar
solubility properties to [Ru(acac)Cl,] but is usually
isolated as a piperidine solvate of variable stoichio-
metry. The reaction does not occur with pyridine, a
simple adduct being isolated in this case.

The LR. spectrum of // clearly shows the presence
of piperidinium ion (3100, 2810, and 2714 cm™});
no bands above 1600 cm™* due to »(C=0) are present
and the bands at 1210 and 820 cm™! in /, attributed
to o(C—H) and n(C—H) of the gamma-arbon [5] are
absent. This evidence, combined with conductivity
studies, is consistent with deprotonation ocurring at
the central carbon of the acetylacetonate ring, the
exact nature of the product being under investigation.

In summary, our studies of dichloroacetylaceto-
nateruthenium(IIl) show the complex to have a range
of interesting properties. In comparison to [Ru-
(acac),] the complex is stable in acid but reacts readi-
ly with base, whereas the opposite is true for the
tris-chelate. Whether these differences reflect differ-
ent reactivity of the acetylacetonate ring in both
cases is being investigated and full results will be pub-
lished on these aspects in due course.
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Fig. 1. Visible spectra of [Ru(acac)Cl,] in aqueous solution:
A, in distilled water; B, in basic solution (OH ); C, decompo-
sition of B.
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