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Summary

13C—13C spin—spin coupling between axial and equatorial CO ligands in
M(CO)s L (M = Group VIB metal} derivatives is employed in establishing
intramolecular versus intermolecular axial—equatorial carbon monoxide ligand
exchange pathways.

In previous publications we have demonstrated that octahedral metal car-
honyl complexes of the types M(CO); L and eis-M(CO), L, (M = Group VIB
metal, L = phosphine or phosphite) often undergo ligand rearrangements by
a non-dissociative intramolecular mechanism [1—4]. The criterion used in
these studies has been the lack of ligand replacement, either CO or L, occurring
on the same time scale as the ligand scrambling process. For example, when
reaction 1 was carried out in a '*CO atmosphere it did not afford either more
highly **CO-labelled parent species or W(CO)¢ . Analogous observations were
made using stereoselectively oxygen-18 labelled derivatives, where the
oxygen-18 isotope shift on the '3C NMR of the carbonyl ligands was em-

cis-W(CO)4(**CO)P(OMe); = trans-W(CO),(**CO)P(OMe), (1)

ployved as the probe [3]. An additional rule, which is often simpler to test
experimentally, for providing definitive information regarding the molec-
ularity of reactions such as that described in eq. 1 is presented herein hased
on '*C—13C spin—spin coupling studies.

A stereoselectively, equatorially !3C-labelled Mo(CO)sPMe, Ph derivative
was prepared according to eq. 2 at 65°C in hexane and its '*C NMR spectrum
in CDC!; is shown in Figure 1A. The sample of cis-Mo(CO), (**CO)PMe. Ph

cis-Mo(CO), [PMe, Ph] NHC;H,, + 3CO —
cis-Mo(CO)4(**CO)PMe,Ph + NHC:H,o (2)
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Fig. 1. 7°C NMR spectra of Mo(CO),PMe, Ph in CDCl, . (A) Stercaselectively 13C-abeiled cis-
Mo(C0),(*>*CO)PMe, Ph species, 5(Cej;) 205.9 pom (J(P—C) 9.3 Hz). (B) cis-Mo(CO), (*?CO)PMe, Ph
after being heated in heptane at 75°C for 12 b, §(Cggps) 210.3 ppm (J(P—C) 21.5 Hz).
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Fig. 2. Same as in Figure 1B determined at higher resolution.

was isolated and purified by recrystallization from chloroform/methanol.
Upon heating this stereoselectively '*CO-enriched sample at 75°C in hep-
tane for 12 h, followed by isolation and redissolution in CDCl;, the '*C NMR
spectrum seen in Fig. 1B was obtained. As noted in Fig. 1B, the carbonyl
resonance for the axial CO ligand is now in evidence, indicating a thermal
redistribution of the *CO label has occurred. Further scrutinizing of the
13C NMR spectrum of this species under higher resolution (Fig. 2) reveals
13C—13C spin—spin coupling between axial and equatorial CO ligands, where
J(C—C) 3.68 Hz. Hence, the presence of molecules possessing two labelled
13CO ligands is indicative of rearrangement via an intermolecular pathway.
On the other hand during the stereomobility of the '*CO ligand in cis-
W(CO),(}3CO)P(OMe); , prepared from cis-W(CO),[P(OMe);]Cl™ and '3CO,
as depicted in eq. 1, no axial—equatorial 3C—'3C spin—spin coupling was
observed. This is of course the result anticipated for an intramolecular re-
arrangement process. It is important to point out that we have noted
13C—13C spin—spin coupling constants in a variety of M(CO);s L species and
these values generally lie in the range of 2—4 Hz. In general, the technique
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described here should be applicable to any metal carbonyl species contain-
ing magnetically different CO groups which has been labelled initially with
one '°CO ligand, and for which the J(C—C) is observable.

Tke energetic and molecularity of the pathways for ligand stereomobil-
ity in metal carbonyl derivatives as a function of the metal and the sub-
stituted ligand is an area of continuing investigation in our laboratories.
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