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Abstract

Reaction of Ru(CO)CI(CH=CHR)(PPh,), or Ru(CO)CI(CH=CHR)XPPh,),L (L
= py, Me,Hpz) with 1 equivalent of t-butyl isocyanide gives the alkenyl derivatives
Ru(COYC(CH=CHRXPPh,),(t-BuNC). When an excess of isocyanide is used,
further reaction results in intramolecular CO insertion to yield 7%'-acyl complexes
[Ru(COCH=CHR) (t-BuNC);(PPh,),]Cl. Related complexes were obtained from
[Ru(COXCH=CHR)(MeCN),(PPh,),|PF; and an excess of isocyanide.

Addition of strongly coordinating ligands to transition metal complexes contain-
ing both carbonyl and o-bonded carbon ligands usually results in the formation of
acyl complexes by intramolecular CO insertion [1,2]. We report here the successful
exploitation of this strategy for the preparation of ruthenium(II) n'-acyl complexes
by reaction of the readily available alkenyl ruthenium(II) complexes with an excess
of t-BuNC.

A variety of alkenyl ruthenium(II) complexes can be made by insertion of
alkynes into the Ru-H bond of neutral [3-6] or cationic ruthenium hydrides [7].
Some of these alkenyl complexes undergo insertion of a second molecule of the
activated alkynes dimethyl acetylenedicarboxylate or propiolic acid esters to give
butadienyl ruthenium derivatives in which one of the alkoxycarbonyl groups is
coordinated to the metal atom through the carbonyl oxygen [3]. Derivatization can
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also be accomplished by reaction with CS, to give ethenyl dithiocarboxylate com-
plexes [8]. On the other hand, reaction with CO furnishes n*-acyl complexes [9].
Recently it was reported that the reaction of coordinatively unsaturated ruthenium
alkenyl derivatives with methyl or benzyl isocyanide results exclusively in the
coordination of the added ligand to the metal to give coordinatively saturated
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complexes [10]. However, when a solution of one of the five-coordinated alkenyl
derivatives la—1¢ in dichloromethane was stirred with 4 molar equivalents of
t-BuNC at 23°C for 10-20 min, a clean conversion into the 7'-acyl complexes 4a *,
4d, and 4f, respectively, was observed (Scheme 1). Related complexes were obtained
starting from the coordinatively saturated derivatives 2a-2c or the cationic bi-
sacetonitrile complexes 3a and 3b. In all cases the starting complex was rapidly
converted into the acyl derivatives 4 within a few minutes, as shown by 'H NMR
spectroscopic monitoring of the reaction in deuterochloroform or deuterobenzene at
23-30°C. However, in the case of the ethoxycarbonyl ethenyl derivative 2d heating
in ethanol under reflux for 3—-4 h was required to bring about the insertion. This
result is in keeping with the known lower activity in the migratory insertion of
a-bonded carbon ligands bearing electron-withdrawing substituents [1].

The "H NMR spectra of the acyl complexes 4 showed two doublets correspond-
ing to the olefinic protons, which are not coupled with the phosphorous atoms, and
two singlets in a 1:2 ratio between 1.20 and 1.05 ppm, corresponding to the three
isocyanide ligands. The C NMR spectra showed a characteristic low field triplet at
258.5-257.8 ppm assigned to the 1'-acyl carbonyl coupled to two equivalent
phosphorous atoms [11-13]. The >C NMR coupled spectrum of complex 4b showed
further splitting of this signal because of coupling with the olefinic protons. Two
broad resonances were also observed at 149.5-148.2 ppm and 147.5-146.8 ppm,
corresponding to the mutually trans isocyanides and the cis isocyanide, respectively.
Other spectroscopic features were consistent with the assigned structures.

When the reaction of complexes 1 or 2 was carried out with 1 molar equivalent of
t-BuNC in dichloromethane at 23° C, the corresponding hexacoordinated complexes
S were isolated in excellent yields (86—92%). Small amounts of the acyl complexes
were also detected when the reaction was monitored by '"H NMR spectroscopy in
deuterochloroform or deuterobenzene solutions. The stereochemistry shown for
Sa—5Sc was assigned on the basis of their IR, 'H, and °C NMR spectra and by
comparison with data for related six-coordinated ruthenium(II) complexes [3,10].
No other intermediates could be isolated from the reaction of electron releasing
substituted alkenyl derivatives. However, with the less reactive ethoxycarbonyl
ethenyl ruthenium complex, a second compound 6 was isolated after a mixture of 2d
and t-BuNC in ethanol had been heated under reflux for 30 min. In the '"H NMR
spectrum of this complex there were two singlets, at 1.06 and 1.04 ppm, correspond-
ing to mutually cis t-BuNC ligands. An analogous complex was also isolated from
the reaction of the coordinatively unsaturated complex Ru(CO)CI(PhC=CHPh)
(PPh;),. Probably, related complexes were also involved in the pathway leading to
the n'-acyl complexes. It is noteworthy that, although in these intermediates both cis
isocyanide and carbonyl ligands were available for intramolecular migratory inser-
tion [12,14-17], exclusive migration of the alkenyl to the carbonyl ligand was

* Selected spectroscopic data for 4a: IR (KBr, cm™!): 3040 w »(C-H), 2970 w »(C—H), 2190 m »(C=N),
2130 s »(C=N), 1585 m »(C=0). '"H NMR (CDCl;, 300 MHz): & 7.55-7.35 (m, 30 H), 6.05 (d,
J =18.2 Hz, 1H), 5.08 (d, J=18.2 Hz, 1H), 1.17 (5, 9H), 1.08 (s, 18H), —0.21 (s, 9H). *C{'H} NMR
(CDCl;, 50 MHz): § 257.8 (t, J = 9.4 Hz, C=0), 153.1 (5, C=C), 148.3 (br, 2 C=N), 146.8 (br, 1 C=N),
133.6 (t, J=4.6 Hz, PPh,), 1334 (t, J=5.4 Hz, PPh,), 130.2 (s, PPh;), 127.9 (1, J = 4.6 Hz, PPh,),
126.7 (s, C=C), 57.6 (s, 1 CMe,), 57.3 (s, 2 CMe;), 29.4 (s, 1 CMe;), 29.2 (s, 2 CMe,), —1.7 (s, SiMe;).
J'p('H} NMR (CDCl,, 32.4 MHz): § 36.8.
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observed. Presumably, the primary insertion product, an unsaturated 16-electron
species, is efficiently trapped by the isocyanide to yield the hexacoordinated
ruthenium compounds 4.
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Further studies on the above and related reactions, as well as of their synthetic
application, are in progress.
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