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Summary 

The dichlorocarbene ligand, in the new complex RuC12(CC12) (CO) (PPh&, 
readily undergoes substitution reactions in which the integrity of the metal-- 
carbon bond is maintained. Reactions with species H2X (X = 0, S, Se) give 
chalcocarbonyl complexes RuCl,(CX) (CO) (PPh& while RXH (X = 0, S) give 
new carbene complexes RuC$]C(XR)~] (CO)(PPh,),. Ammonia reacts to give 
a cyanide-containing complex, RuCl(CN) (CO) (NH,) (PPh& , and primary 
amines, an isocyanide complex, or in the case of certain primary diamines cyclic 
carbene complexes. RuC12(CNNMe2) (CO) (PPh ) 3 2 is formed in the reaction with 
N,N-dimethylhydrazine. Secondary amines, R,NH, react to give chloroamino- 
carbene complexes, RuCI,[C(Cl)NR,] (CO)(PPh,),. 

Dihalocarbene complexes are rare but interesting because of the potential for 
the halogens to act as good leaving groups in substitution reactions_ Some of the 
diversity of ligands that may be formed has been explored in the tetraphenyl- 
porphyrin-iron system where reactions converting the dichlorocarbene ligand to 
carbonyl and isocyanide ligands have been reported [l]. Other reactions have 
been described for the osmium complex OsClZ(CC12) (CO) (PPh& in which novel 
tellurocarbonyl and carbyne complexes were formed [ 23 _ 

We have recently prepared, by a reaction analogous to that used for the 
osmium complex, a new dichlorocarbene complex RuClZ(CC12) (CO) (PPh&, 
containing a more reactive dichlorocarbene ligand than in the osmium case. 

The reaction of the dichlorocarbene-ruthenium complex with amines is the 
most facile of the reactions reported here. A benzene solution of the complex 
rapidly loses the bright orange colour when exposed to ammonia, and white 
crystals of the cyanide complex RuCl(CN) (CO) (NH,) (PPh& result. The co- 
ordinated ammonia is readily substituted by CO to give the dicarbonyl complex 
(see Scheme 1). 
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SCHEME 5: Reduction Of RuCI,~CC~~)~CO)(PP~,), with amines (L = PPh,: It =p-tolyl; X = S, Se, Te)_ 

Simple primary amines also react rapidly at room temperature to give the 
isocyanide complexes RuC&(CNR) (CO) (PPh& (R = Me, p-tolyl). The scope of 
this reaction has been tested using HrNNMer which gave the dimethylamino. 
i&cyanide complex, a product related to the previously reported CNNHz- 
containing complex Es]_ 

Cyclic diaminocarbene ligands are produced from reactions with primary 
d&nines with the dichlorocarbene ligand. The product from the reaction with 
1,Zdiaminopropane has been characterised as the carbene complex (A) rather 
than the nitrogen-bound rearrangement product (B) from the 13C NMR spectrum 
which shows a triplet signal at 6 197 ppm, typical of metal-bound carbene- 
carbon atoms. s 

Secondary amines such as dimethylamine substitute a single chloride to give 
the ehloroaminocarbene complex RuCl* [C (Cl)NMeJ (CO) (PPh& . Similar 
complexes, prepared by different methods, have been isolated by Lappert [4] 
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The reaction with phenols proceeds less readily. Although the reaction with 
catechol gives the expected cyclic carbene ligand, it is necessary to use the 
preformed litbium salt for satisfactory reaction with p-cresol. The product is 
not the simple carbene, but rather contains one of the aromatic rings u-bound 
to the metal (see Scheme 2) A similar ortho-metallated product has been 
characterised by Lappert in his studies of carbenes formed from electron-rich 
olefins [ 8]_ 
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SCHEME 2: Reactions of RuCI,(CC1,)(CO)(PPh,), with other nucleophiles (L = PPh,; X = 0. S. Se: 

R = Me or p-tolyl). 

The intermediacy of the simple carbene complex can be inferred from the 
reaction of the dichlorocarbene complex with p-toluenethiol. In this case the 
simple carbene can be isolated and o&o-metallation induced by vigorous 
heating in xylene. 

The relative reactivity of moieties containing nucleophilic nitrogen and 
oxygen atoms is given by the reaction with ethanolamine. The reaction proceeds 
at room temperature, and rapid purification of the product produces the iso- 
cyanide complex exclusively, while slow recrystahisation gives the cyclic carbene. 
The interconversion of related isocyanide and carbene complexes has been ob- 
served previously with Pd and Pt complexes 191. 

Some IR data for the ruthenium complexes obtained arc reported in Table 1. 
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