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Summary 

Variable temperature “C NMR spectra of dienetricarbonylruthenium 
and olefintetracarbonylruthenium type complexes are reported. It 1s shown 
that the molecules are fluxional and that the rearrangement in (ethyl acrylate)- 
tetracarbonylruthenium is consistent with a coupled olefin rotation-Berry 
pseudorotation type mechanism. 

- 

We are witnessing a current, active interest in the study of intramolecular 
rearrangement in five coordmated dienetricarbonyliron [1,2] and 
olefintetracarbonyliron [3,4] complexes. Our interest in the subject 
led us to examine the analogous ruthenium complexes in an effort to identify 
the metal dependence of the rearrangement. In this report we wish to com- 
municate on results of a limited number of complexes* which nevertheless 
clearly establish two things: first, the ruthenium complexes are flu.uional, 
second, the activation barriers are slightly higher in ruthenium than in the 
analogous iron complexes. Indeed our report appears to offer the first un- 
ambigous demonstration of this. In previous studies on (O-C’, Hj )M(CO)? - 
(9’ -C5 HS ) [5,6] the differences in activation energies, dibeit higher for 
ruthenium complexes, are very close [ 51 or within [ 61, the experimental 
errors of the measurement. 

Table 1 summarizes “C chemical shift data in the carbonyl region and 
the associated activation parameters for rearrangement in the reported com- 
pleses. For sake of comparison the iron complexes are aIso included in Table 1. 

The low temperature limiting spectrum is consistent with square pyra- 
midal arrangement with one apical and two equivalent basal CO groups for 
dienetricarbonylmetal and trigonal bipyramidal geometry with olefin occupying 

#It IS to be remembered that such ruthemum complexes are stall very rare ar.d that tie only 

olefmtecracubonylruthetium repotted to date is that of the unstable ethylenetetracarbonyt- 
ru;hemum 171 rdenhfled only by 1% IR spectrum. 
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an equatorial site for olefintetracarbonylmetal complexes*. The high temper- 
ature singlet implies rearrangements which will avenge out the different 
carbonyl envwonments. 

As we pointed out earlier [l] this can be accomplished m the case of 
dienetricarbonylmetal by diene rotation or carbonyl scrambling. The 
essentially identical activation energies of butadiene- and tetrakis( trifluoro- 
methyl)cyclopentad~enonetrica.rbonyliron [ l] speak against diene rotation. 
Whether this prevails in the ruthenium complexes is not yet known. 

The observation of single lines at high temperatures for the two olefin- 
tetracarbonylruthenium complexes again rules out simple olefin rotation as 
sole operator and indicates that the previously observed [ 3,4] coupled 
olefin rotation--Berry rearrangement is also operating here. As expected for 
the abo\re mechanism, the barrier to rearrangement increases with the n-acidity 
of the olefln, i.e. ethylacrylate < fumarate. it is also interesting to observe 
that on going from iron to ruthenium we see a larger coordination shift of the 
bound olefin*” which most probably reflects larger metal--n* interaction in 
the ruthenium-olefin bond [8,9] with concomitant increase in the rearrange- 
ment barrier, again consistent with the above proposed mechanism. Finally, 
esperimental and computer generated spectra of II in the eschange region 
are shown in Fig-l. In the slow exchange region (K = 2-12 set- ’ ) all four 
resonances collapse at esactly the same rate, consistent with a Berry type 
process. The highest field resonance (an aslal CO) in the analogous iron com- 
pies (1) remains sharp in this slow exchange region and implies mechanistic 
distinctions between iron and ruthenium’.“‘. Of the SLY possible assignments 
of the four resonances to a_xial and equatorial sites in II, (eeaa = aaee (l), 
aeea = eaae (2), and eaea = aeae (3)), a choice between only 3 cases can be 
made because of the invariance of the NMR esperiment to labelling. The 
assignment (eeaa) is consistent with the observed collapse pattern at inter- 
mediate exchange rates (K = 30 set- ’ ) and with the necessity to assign 
axial CO’s to high field”““*. 

The compounds olefintetracarbonylruthenium (olefm = ethylacrylate, 
fumarate) were synthesized by the method of Lewis 1’71 by photolysis of 
Ru) (CO),? in the presence of excess ethyl acrylate and diethyl fumarate in 
heptane for -60 hours. The complexes II and IV were isolated as orange 
liquids after filtration and removal of the solvent under high vacuum. 

The new compleses were characterized by IR, 13C NMR and mass 
spectroscopy. 

Carbonyl stretching frequencies in heptane. II: 2119 w, 204’7 s, 2032 s, 
2006 s (cm- ’ ); IV: 2131 vw, 2063 s, 2049 w, 2016 m (cm- ’ )_ 

Mass spectra. II: 314 (Parent ion); and successive loss of 4 CO; IV: 
358 (Parent ion - CO); and successive loss of 3 CO. 

‘Of cour?~ such ground state geometry in the sohd state IS well estabbshed for Lhe IIO~ com- 
pounds. 

‘*Up&Id shifts of the olefm on coorcllnatlon m ppm ore: 89.1 for ill. 96.4 for IV. 68.7 (=Cl+,) 
and 84.6 (=C(H)(COOEl)) for 1. 78.7 (=CH,) and 93.4 (=C0i)(Coo~r)) for II _ 

= l ‘Furtbex work to probe Lhls po!nL IS bet- caxned ouL. 
***‘The axA “CO resonance Lo tuti field ol tie equt01-14 ’ 3 CO resonance has been observed and 

czm be ~mblguously assIgned m a number oi (olefm)Fe(CO), complexcs[oleti = &ethyl- 
maleate. hexJnuorocyclobuteoe. 1 .l-&J3uoroeLhylene). 



- -_ _-. 

Flgl. Observed and &lcuIated temperature dependent “C N’MR spectra of (elhylacnlate)Ru(CO), in 
the CO region. Peaks marked r*iLb I: are unknown ~mpunLI.!s. K tn set-’ - 

We have also prepared the corresponding diethyl maleate complex. How. 
ever quite unexpectedly this complex undergoes facile thermal (50°C) con- 
version to the fumarate complex, whereas irradiation brings about this con- 
version in the iron complex. This contrasting behavior and the rearrangement 
in related olefintetracarbonyltuthenium complexes is currently under 
investigation. 
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