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Abstract 

Heating a toluene solution of [Cp,Ru2(COXCL-COXLc-C(OMPh)= 
C(Ph)}], 1, with phenylisothiocyanate affords [Cp,Ru,(COX+.ZO)- 
{CL-ScIPh#xPhM=NPh))], 2, as a result of alkyne insertion into the 
carbon-sulfur bond of the isothiocyanate. 

Whereas the reactivity of isocyanates with transition 
metal centres has been studied in some detail [l], 
reactions of organometallic complexes with the related 
isothiocyanates have received surprisingly little atten- 
tion [2]. The latter are, however, potentially useful 
reagents for introducing a number of ligands to a metal 
centre. Thus cleavage of the carbon-sulfur bond re- 
sults in the generation of sulfido and isocyanide moi- 
eties, while carbon-nitrogen bond scission leads to the 
formation of imido and thiocarbonyl ligands. The latter 
process dominates the chemistry of isocyanates, since 
the carbon-oxygen double bond is strong and thus not 
susceptible to scission [3]. In contrast, because of the 
poorer orbital overlap between carbon and sulfur, the 
cleavage of this bond is expected to be quite facile in 
isothiocyanates. Recently we have embarked upon a 
programme of investigation of the reactivity of isothio- 
cyanates at a variety of metal centres. At high valent 
metal centres, nitrogen-carbon bond cleavage predom- 
inates as a result of the generation of the strong 
r-donor imido ligand [4]. In contrast, at low valent 
metal centres we find that cleavage of the carbon-sulfur 
bond dominates the reactivity. Herein we describe ini- 
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tial studies on the reactivity of phenylisothiocyanate at 
the acyl stabilised diruthenium centre. 

R-N==C:=S 

\ W R-N + c-s 

Thermolysis of a toluene solution of [Cp,Ru,(CO)- 
(AL-CO)(CC-C(O)C(Ph~Ph)}]? 1 [S], with phenylisoth- 
iocyanate led to the isolation after chromatography of 
the new complex [C~,RU,(CO)(II-CO)(CL-SC- 
(Ph)=C(Ph)C(=NPh)}], 2, in 40% yield. Characterisation 
was made on the basis of the spectroscopic and analyti- 
cal data [6* I. In order to define the precise nature of 
isothiocyanate addition, an X-ray crystal structure was 
carried out, and the results are shown in Fig. 1 [7*]. 
The molecule consists of two ruthenium atoms 2.777(2) 
8, apart, each bound to a cyclopentadienyl ligand; the 
two such ligands are in a mutually CLS configuration. 
One ruthenium atom, Ru(l), carries a terminal car- 
bonyl, while a second carbonyl bridges the ruthe- 
nium-ruthenium vector asymmetrically [RuWC(1) 
2.247(3), Ru(2)-C(1) 1.927(3) &. Also bridging the 
metal-metal bond is the new ligand formed via the 
insertion of diphenylacetylene into the carbon-sulfur 
bond of phenylisothiocyanate. Thus the sulfur bridges 
the metal-metal vector, again somewhat asymmetri- 
cally [Ru(l)-S(1) 2.336(2), Ru(2)-S(1) 2.279(2) A], and 
is now bound to one car$n of the diphenylacetylene 
moiety [SWCW 1.!97(4) Al. The carbon-carbon bond 
length of 1.349(4) A between the two acetylenic car- 
bons is indicative of the retention of double-bond 
character. The second carbon of the acetylenic unit is 
linked to the remainder of the isothiocyanate through a 
new carbon-carbon bond [C(3)-c(4) 1.518(5) Al, which 
is also linked through C(4) to ruthenium [Ru(2)-C(3) 
2.110(4) &. Thus the isocyanide formed from the 
cleavage reaction appears to have inserted into a 
ruthenium-carbon bond to generate an iminoacyl frag- 
ment: The imine nature is clearly shown by the rela- 
tively short carbon-nitrogen distance [N(l)-C(3) 
1.288(4) Al, and the bond angle at nitrogen [C(3)- 
NWC(30) 125.0(3)“]. 

* Reference number with asterisk indicates a note in the list of 
references. 
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Overall the formation of 2 involves the cleavage of 
the carbon-sulfur bond of the isothiocyanate, extru- 
sion of a carbonyl from the acyl unit in 1, and insertion 
of both of the cleaved fragments into ruthenium- 
carbon bonds. The retention of the diphenylacetylene 
ligand is surprising in view of the number of reactions 
of 1 previously reported to proceed via alkyne loss [81. 
We initially felt that the alkyne was being lost from 1, 
and later reinserted into the metal bound isothio- 
cyanate. When the reaction was carried out in the 

presence of a large exyss of cyclop~q~y-Nyj pqpmq 
lip order 9 fw w+wd ah& ‘! slfttily yjejfj of 2 
was obtained and no trapped ‘species were isolated. It 
appears that the alkyne is not lost from the diruthe- 
nium centre, and indeed, Knox and coworkers have 
recently noted this in reactions of 1 with isocyanides 
[9]. While the precise nature of the reaction is as yet 
unknown, its course differs from that taken by iso- 
cyanates. Heating a toluene solution of 1 and 
phenylisocyanate resulted in a rapid reaction, but the 
only isolated product was the tetracarbonyl [CpRu- 

Fig. 1. Molecular structure of [Cp,Ru,~COX~-COXp-SC(Ph~- 
(PhoNPh)}] 2. Selected bond lengths (A) and angles p): RUG)- 
Ru(2) 2.777(2), RUG)-s(l) 2.336(2), Rut2)-s(l) 2.279(2), RUG)-C(l) 
2.247(3), Ru(2)-C(l) 1.927(3), RUG)-C(2) 1.878(4), c(3)-N(1) 
1.288(4), c(4)-c(S) 1.349(4), C(3)-c(4) 1.518(5), Ru(2)-C(3) 2.110(4), 
RUG)-S(l)-Ru(2) 74.0(l), c(3)-N(l)-c(30) 125.0(3). 

(COX~CO)], in 76% yield. It is tempting to suggest 
that the extra carbonyl required for this transformation 
is derived from the isocyanate, and in support of initial 
adduct formation is the observation that 1 is stable in 
refluxing toluene in the absence of other reagents. 

Two minor products can also be isolated from the 
reaction of 1 with phenylisothiocyanate, and although 
we have not as yet fully characterised these, both 
contain the units of the isothiocyanate and alkyne. We 
are currently investigating the scope of this reaction 
towards a range of isothiocyanates and studying the 
reactivity of 2. Thus initial results show that the imine 
moiety, while being susceptible to protonation, is re- 
markably stable to hydrolysis under neutral and acidic 
conditions. 
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