
-prelimiaary comknication 

.~~;~~C~~L~~CTATRIEN~COMPLEXES OF IRONANDRUTHENIUM 

ANDREW D. CHARLES, PETER DIVERSI*, BRIAN F.G. JOHNSON and JACK LEWIS** 

University Chemical Laboratory, Lensfield Road, Cambridge CB2 IEW (Great Britain) 

(Received May 28th, 1976) 

Reaktion of HCl with COTFe(C0)3 and COTRU(CO)~ gives monocyclic 
complexes containing an ally1 M(C0)3 Cl unit. 

The protonation of cyclooctatetraene complexes of lzicarbonyl-iron and 
-ruthenium by non-coordinating acids has been extensively studied [l-4] . 
Protonation of Ia at -120°C has been shown Cl] to yield the planar monocyclic 
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cation ILlwhich subsequently rear&g&l to .give.the previou$y’known -i2ie: .: .- 

bicycle 15.1.01 structure III. The proton&ion .of the &hemuiu.complex Ibis 
not so straightforward, the nature of the pro.ducts. bemg:dependent on the acid 
media wed [ $11 -However, in CF3CQ2H at -5OoC a pliiiaf monocyclic c&ion l&s 
-been observed, which has a ‘H NMR consistent with s&&u& IVa or IVb. On -_ 

warming to room temperature, the planar cation V was piodutied c-43 . . 
In cOn&st, there exist relatively few examples of the protonation of-olefin 

complexes by coordinating acids. The reactions -of some acyclic sy&ems.with 
HCl have been studied, where the products were coo&natively saturated g3 
complexes 151. We have examined the reactions of Ia and lb with HCl and have 
preparedcomplexes containing a Cs ring bound to the metal in a ‘r7” fashion. 

Several workers [64l] have studied the reaction of HI with nucleophiles. In 
particular, Aumann [S] has shown that reaction of III with LiI produces the 
neutral product VI, via a postulated planar intermediate. 

We have prepsred an analogous complex by treating a solution of Ia in diethyl 
ether with dry HCl under an inert atmosphere at 6%. Complex VIIa separated 
as yellow needles (57%) on pouring into pentane and was characterised by IR 
and mass spectrometry (see Table 1). The IR shows three high-energy carbonyl 

TABLE 1 

IR AND MASS SPECTRAL DATA FOR COMPOUNDS VIIa AND VIIb 

IR (hexane) Mass spectrum 
<cm-1) m/e 

&I 

2088 
2036 

I 2017 

260.252.246.224.217.196.160 

326.298.270.242.206 
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&etching frequencies, and the mass spectrum &,ows a molecular parent peak 
at -m/e 280, with_ subsequent loss of three carbonyls and one chlorine. Attempts 
to obtaina &i&factory ‘H NMR were unsuccessful, even at low temperature, 
-due to decomposition with consequent paramagnetic broadening. However, in 
CC14 at O“C, broad peaks were observed at T 4.0 (6H), 5.5 (t,lH), and 7.1 ppm 
(2H). This is not inconsistent with Aumann’s [S] reported spectrum of VI. 
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Subsequent reaction of VIIa with LiI yielded an unstable complex with an 
IR (hexane) 2070,2020,2015 cm-‘. These values are almost identical with 
those rep&& [S] for VI. 

On the basis of this information, we propose a similar structure for VIIa, con- 
taining a q3 Fe(CO),Cl unit. The formation of this complex does not necessarily 
involve III as an intermediate [8]. Initial protonation may occur to give the 
monocyclic cation II, which is immediately trapped by nucleophilic attack of 
Cl- at the metal. 

We have also prepared the corresponding ruthenium complex. COTRU(CO)~ 
(lb) in dry diethyl ether was treat&l with dry HCl at 20°C. The solvent was 
removed to give pale-yellow crystals. The IR and-mass spectra are shown in 
Table 1. This complex proved to be more stable than its iron counterpart. The 
‘H NMR in CDCI, showed signals at T 3.80 (dd) (J(2,l) 10,5(2,3) 4 Hz) H(2,6), 
4.40 (m) H(1,3,5,7), 5.55 (t) (J(4,3) 9 Hz) H(4), 6.83 and 7.22 (m) H(8). 
Assignments were made on the basis of spin decoupling experiments. Compar- 
ison with the ‘H NMR of VI [S] shows many similarities, and we propose that 
this compound has the structure VIIb. 

The ‘H NMR of IV is very similar to that of VIIb, and also to that of the 
neutral cobalt complex VIII [lo]. This provides further confirmation for the 
idea that the metal centre in IV is a 16 electron species coordinated to an ally1 
n-bond on the ring [4]. Reaction might occur with a coordinating anion such as 
Cl- to give VIIb, and it may be that IV is an intermediate in the reaction of Ib 

with HCl. 
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