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Summary

The NMe, substituent in CH;C=CCH,NMe, facilitates oxidative addition to
Ru;(CO),, to give the isomeric allenyl cluster HRu3 (CQ)y (MeC=(C=CHNMe,)
and allylic cluster HRu; (CQO), (MeCCHCNMe, ). The barrier to rotation about
the internal ligand C—NMe, bond is sensitive to the nature of L in HRu;3(CO)sL-
(MeCCHCNMe., ), even though L is remote from this bond, and also tc protona-
tion of the cluster. Lower barriers are associated with increased electron-

availability on the cluster.

The oxidative addition of non-terminal alkynes (L) to Ru3(CO),, gives two
isomeric compounds of general formula HRu3(CO)s (L-H). The kinetically
favoured isomer contains a 1-n'-1,2-p2-allenyl ligand which isomerises by
hydrogen atom migration to the more stable di-n'-n3-allyl isomer [1]. We are
currently examining the reactions of metal carbonyl clusters with functional-
ised alkynes to see how the function modifies the reaction pathways and to
generate novel clusters.

The reaction between Ru3(CO);, and CH;C=CCH,NMe, occurred readily
in refluxing cyclohexane and after 1 h two isomeric products were isolated,
cluster 1 (50%) and cluster 2 (40%); these were characterised by 'H NMR, IR
and mass spectra. Clusters 1 and 2 are of the usual type obtained from simple
non-terminal alkynes, but the Me,N group causes a marked acceleration of
their rates of formation and a marked increase in yield. As in other cases,
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compound 1 is converted into 2 almost quantitatively in refluxing n-heptane

1 bh) [2]

Since each compound shows two separate 'H NMR . singlets for the NMe,
group at low temperatures, the C—NMe, bond must have some multiple-bond
character [3]. These singlets coalesce on warming; the coalescence tempera-
tures (T,) are 0°C for 1 and 25°C for 2. The other "H NMR signals are
temperature-independant. We considered the possibility that the rotational
energy barrier for the C—NMe, bond might be a sensitive measure of varia-
tions in electron density at the metal cluster since the barrier should increase
with increasing electron-withdrawal by the cluster. This could then provide a
simple, directly accessible parameter as an alternative to the spectral param-
eters (IR and NMR) commonly used. We have chemically modified com-

pound 2 to test this idea.

Group V donor ligands (PPr';, PPh;, and P(OPh);) react with 2 (mole ratio
2:1) in refluxing cyclohexane (1 h) to give only one product, compound 3, in
each case. '"H NMR spectra indicate that a CO ligand on Ru(l) is replaced
rather than one on the corresponding atom Ru(2). Possibly the observed -
donation from NMe, deactivates the CO ligands on Ru(2) towards substitu-
tion, and certainly those on Ru(1l) are significantly more labile [4].

The 'H NMR spectra of compounds 3 are quite similar to that of 2 except
for 3!'P-coupling and for lower temperatures for coalescence of the NMe,
singlets (see Table 1). The rotational barriers are in the order 2 > 3a > 3b >
3c; that is, the barriers decrease with increasing o-donor or decreasing =-
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acceptor abilities of the ligands at Ru(2). The simplest explanation is that the
more electron-rich cluster allows less donation from the NMe, group and less
multiple bonding in the C—NMe, bond, but it is interesting that this bond is
sensitive to substitution at a remote part of the cluster. It would be of interest
to know whether the effect is transmitted through the w-system of the allyl
ligand or through the metal—metal bond.

The same effect shows up when a few drops of CF;CO,H are added to a
chloroform solution of 3b; this gives the dihydrido cation 4 in solution, for
which two NMe, singlets are observed at room temperature. The coalescence
temperature and rotational barrier are significantly raised, consistent with an
increased w-donation from the NMe, group. It is noteworthy also, that the
metal atoms are more basic than the nitrogen atom.

These resuits show how a specific property of a functional group, in this
case an internal ligand rotation, may be used to assess electronic demands of
the metal atoms and to evaluate cooperative effects within clusters.
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