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Summary

The exchange of a ruthenocene Cp-ligand for an arene was realized for the
first time. A set of cationic arene-Cp derivatives of ruthenium [AreneRuCsHs1"X"™
(Arene = C;H,, CH;C,Hs, CcH;,C,H;, CIC-H; ) was obtained by this reaction. The
structure of the complexes was determined by 'H NMR spectroscopy.

atinm laads +n thae 1 + Af £,
Earlier we discovered a reaction leading to the replacement of one ferrocene

Cp ligand (Cp = cyclopentadienyl) by an arene ligand [1,2]. This reaction has be-
come a general convenient method for the synthesis of cationic arene-Cp deriva-
tives of iron [ AreneFeCsHs]*X ™ [3,4].

In the present paper we describe several examples of an analogous exchange re-
action of ruthenocene which is the first transformation of this kind in ruthen-

ocene chemisiry.

AlHal, /Al
NaX

Arene = C5H6, CH3CGH5 ’ C6H506H5 . CICGH5; X— = BF4, PF6 ’ BPh4
Hal = Cl, Br

The following compounds were synthesized by the use of this reaction (below
are given: compound; yield (%); m.p- with decomposition (°C)): [C¢HsRuCsH;]-
PF¢ (I-PFq), 7, does not melt; I-BPh,, —, 248—250; [CH; Cc H; RuCs Hs ] BPh,
(II-BPh,), 6, ~260; I1-BF,, 5, ~245; [C.H;C;HsRuC;H;]1PF, (111-PFy), 3,
129—131; [CIC,H;RuC;H:;1BF, (IV-BF,), 7, 160—162.

The reaction conditions and analytical data are given in Table 1. All the runs
were carried out under an atmosphere of dry argon. A typical ratio of reagents
was (Cs;Hs),Ru: AlHal; : Al: Arene = 1:3—5:1:excess. In the synthesis of [II]*
and [IV 1* an excess of arene was used as a solvent; in the synthesis of [I]* and
[III]* nonane and octane were used respectively., Aluminium chloride and
aluminium bromide served as catalysts. There was no significant difference in
their activity.

(CsHs),Ru + Arene [AreneRuCs;H;]1*X™ + {CsHs }n
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TABLE 1
CONDITIONS FOR THE SYNTHESIS OF iAreneRquHslx AND ANALYTICAL DATA
w-Complex Catalyst Temperature ("C) Found (calculated) (%)

and time (h) of c H

the reaction
[CsH,RuC;H 1PF, AlBr, 100/12 33.20 3.12

(33.93) (2.85)

{C H RuC;H,1BPh, AlBr, 100/2 74.52 5.47 .

7459 ° 5.63

(74.59) (5.54)

[CH,C,H,RuC,H,1BPh, AICI, 110/5 74.74  6.03
74.72  5.68

(74.84) (5.76)

{CH,C,H,RuC,H,IBF, AlBr, 110/12 4196  3.89
4172  4.08

(41.75)  (3.79)

{C H;C H RuC,H,1PF, AICI, 125/6.5 43.48  3.11
A 43.53  3.23

. (43.87) (3.24)

{CIC,H RuC,H, 1BF, AlBr,  130/5.5 35.85  2.76
35.86  2.70

(36.14) (2.76)

In the synthesis of [III]* and [IV]* some water (2—3 drops) was added to
promote the reaction. However, in these cases there was no significant increase in
the vield (cf. [5]).

In order to avoid an oxidation of ruthenocene to ruthenocenium cation
aluminium powder was added to the reaction mixture. However, the reaction of
ruthenocene with chlorobenzene was performed without aluminium powder to
exclude dehalogenation [6]. In this case the cation [(CsHs),Ru]* formed was re-
duced with ascorbic acid after hydrolysis of the reaction mixture.

It can be seen from the data given above that the yields of the complexes
[ AreneRuCsH;s]*X™ are lower than 10%. These results are in sharp contrast to
the exchange reactions of ferrocene which give the salts [ AreneFeCsH;]*X™ in
20—80% yields. It seems probable that the rupture of a C;H;—Ru bond in the
presence of AlICl; is more difficult than the rupture of a C;H;—Fe bond.

All the salts of arene-Cp ruthenium cations obtained are pale-yellow or white
crystalline diamagnetic compounds. Tetrafluoroborates of the cations are fairly
soluble in water, ethanol, dichloroethane, acetone and acetonitrile; hexafluoro-
phosphates of the cations are less soluble in the same solvents; tetraphenyl-
borates of I and II are only slightly soluble in acetonitrile and acetone.

The only cation, [CsHsRuCsHs 1", described hitherto [7] was synthesized by
means of the reaction between Cs;H;Tl and the dimer [CiH,RuCl;1,.

IR spectra of [ AreneRuC;H;]X are very similar to the spectra of the corre-
sponding iron salts, [ AreneFeCsHs]X [8]. The IR spectrum of IV -BF, contains
a band at 700 cm ™! which corresponds to the vibrations of a C—Cl bond.

'H NMR spectra of the [ AreneRuCsH; ] X complexes synthesized and corre-
sponding [ AreneFeC;H;]X complexes are given in Table 2. From these data it
can be seen that the spectra of ruthenium derivatives are very similar to the
spectra of the related m~-complexes of iron. A sandwich structure of [ Arene-
RuCs;H;]™, similar to [AreneFeCs;Hs1* [4,10], with planar undisturbed cyclic
ligands seems to be reasonable on the basis of NMR spectra.
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TABLE 2

'H NMR DATA OF [AreneRuC;H;1X AND [AreneFeC H,JX%?
(R-12, 60 MHz, deuterioacetone, § 2.07 ppm)

n-Complex & (Cp) & (Axene) & (Substituent)
(ppm) (ppm) (pPm)

(CsH ), Ru 4.60s (5)

(CsH;),Fe 4.20s (5)

[C4H RuC H IPF, © 5.45s (5) 6.20s (6)

[C,H FeC;H 1PF, 5.23s (5) 6.44s

[CH,C,H,RuC,H;IBF, 5.45s (5) 6.16s (5) 2.43s (3)

[CH,C H ,FeC ,H,IPF, 5.27s (5) 6.56s (5) 2.56s (3)

[C,H,C,H RuC,H,]PF, 5.49s(5) 6.34—6.85m (5) 7.34—7.87m (5)
[C.H,C,H,FeC,H_IBF, 5.14s(5) 651—7.09m (5) 7:42—8.11m (5)

[CIC,H,RuC,H,]BF, 5.71s(5)  6.36—6.69m (3)
6.76—6.98m (2)

[CIC, H,FeC,H,]BF, 5.40s (5) 6.54—7.0Tm® (5)

C,H, ' 7.27 (6)

@ 5 = singlet, m = multiplet. b Intensities of the signals are given in parentheses. € Literature data [7]: .
& 5.35 (5). 6.12 ppm (6). % Broadened singlet. € Two superimposed multiplets. fRef. 9.

The signal for the cyclopentadienyl protons in the spectrum of I-PFg is
shifted downfield by 0.85 ppm as compared with the respective signal in the
spectrum of ruthenocene.
_ The downfield shift of the Cp protons of [CcHsFeCsHs;1PF¢ is even higher
than that with ferrocene. This phenomenon for iron derivatives was explained
[10] as being due to delocalization of the cation positive charge on the ligands.
This explanation would seem to be applicable for the ruthenium derivatives also.
On the contrary, the signal of the benzene ligand protons in the spectrum of
I-PF, is shifted upfield by 1.07 ppm as compared with the spectrum of non-
coordinated benzene [9]. The corresponding value for iron derivative is 0.89 ppm.
The upfield shift of coordinated arene protons is a well-known phenomenon [9].
This shift for the cations [AreneMCs;H;]* (M = Fe, Ru) is weaker because of the
influence of the m-complex positive charge (see data for C;CHMC;H;, where M =
Mn, Re [12]). The downfield shift of the Cp protons and the upfield shift of the
arene protons in comparison with the spectra of the corresponding iron deriva-
tives 1s characteristic of all the complexes [ AreneRuC;H;]X obtained.

From an analysis of the data given above it is possible to arrive at a prelim-
inary conclusion that the positive charge of the cations is delocalized on the
ligands to a lesser extent for [AreneRuC:H:]" as compared with [ AreneFeCsHs]" .
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