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Summary

Intramolecular tertiary phosphine exchange mechanisms in the compounds
1,2-[0s5(CO),0(PMe,Ph),] and 1,2,3-[0s;(CO), {P(OMe); } L,] (L = PMe,Ph or
PPh;) have been studied by 3'P and !3C NMR methods. The '3CO NMR results
rule out a mechanism involving bridging carbonyl forms in favour of one involv-
ing axial—equatorial CO exchange at the same rate as phosphine exchange.

Dodecacarbonyltriosmium undergoes axial—equatorial CO exchange by an
intramolecular pathway giving each ligand access to every ligand site [1].
Intermediates of C,, symmetry like the solid-state structure of [Fe;(CO),,] are
possible and this mechanism (A) (Fig. 1) has been used to interpret CO site ex-
change in [Os; (CO),, (PEt;)] and 1,2-[Os;3(CO),0(PEt;),] [2] and in 1,1-
[0s3(CO),0(PMe,Ph);] [3].

We have recently observed that 1,1-[ Os;(CO),0(cis-butadiene)] reacts with
PMe,Ph to give a separable mixture containing 1,1-[ Os; (CO),,(PMe,Ph)},] and
1,2-[Os;(CO),0(PMe,Ph), ], the latter existing in solution as two interconverting
isomers 1 and 2 [3]. At —80°C the major isomer 1 gives two equal intensity
31p{1H} NMR singlets (6 1.10 and 6.77 ppm)* while the minor isomer 2 gives a
singlet (5 4.41 ppm). As the temperature is raised coalescence gives a singlet at §
3.9 ppm above 80°C. The interchange of the PMe,Ph ligands within 1 does not
occur primarily by the interconversion of 1 and 2 since line-shape analysis has
given the rate of PMe,Ph exchange within isomer 1 as 20 times faster than the
interconversion between 1 and 2.

Two mechanisms for PMe,Ph exchange within isomer 1 might be considered.
We originally considered mechanism B requiring an intermediate with three

*3p{'H} NMR shifts are given relative to 86% H,PO,.
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bridging CO ligands to be very attractive. A similar process involving the equi-
librium between forms with and without bridging CO has been invoked to ex-
plain the dynamic behaviour of [Os;(CO);0(u-1,2-diazine)] (1,2-diazine =
pyridazine) [4]. The proposed intermediate form with three bridging CO ligands
is observed as the ground state structure in the analogous ruthenium compound
{5]. An alternative mechanism C requires simultaneous turnstile rotations at the
two substituted osmium atoms (such as shown in Fig. 1) to be faster than a rota-
tion at a single osmium atom which would lead to isomer 2. Whereas mechanism
C leads to axial—equatorial CO exchange, mechanism B does not. However,
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Fig. 1. Possible mechanisms for site exchange in [0s;(CO),,] and substituted derivatives.
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there is no way to distinguish mechanisms B and C on this basis for the phos-
phine compounds because there is an even faster process of type A which leads
to the exchange of the six axial and equatorial CO ligands in the one vertical
plane not blocked by a tertiary phosphine ligand.

To distinguish mechanisms of type B and C we considered molecules for
which processes of type A are not possible. The tri-substituted compounds 1,2,3-
[Os;(CO)oLs] are suitable because each of the three planes in which mechanism
A could operate contains a ligand L which cannot bridge and hence this process
is prevented. The exchange of axial and equatorial CO ligands in [Os;(CO)s-
(PEt;);] only gives coalescence of '3C NMR signals between 0 and 20°C, pre-
sumably via a turnstile mechanism [ 2], so that in principle low temperature pro-
cesses related to B or C might be detectable. The cluster 1,2,3-[Os;(CO)s-
{P(OMe); }(PPh,), ], compound 3, formed by treating [Os;(CO),; {P{OMe); }]
with an excess of PPh,, gives three *'P{*H} NMR singlets at —30°C (5§ 98.5 for
P(OMe); and -3.93 and -5.43 ppm for PPh; ). The PPh; signals coalesce as
shown in Fig. 2. If the process leading to this exchange in 3 corresponded to
mechanism B there would be specific CO exchange of CO* with CO® and of CO!
with CO? at the same rate as exchange of P! with P? and presumably at a dif-
ferent rate from axial—equatorial CO exchange by another mechanism.
However, we observe that all six 13CO signals, three axial (§ 196.5, 195.6, and

80 °C k
2300 /\
16 °C
» PPhy
2°C
-199°C
PlOMe);
~80°C
| T T
-2 -k -6
T L T T T T T T T T T T
100 [-1s] 60 40 20 0
]

Fig. 2. P {'H} NMR spectra for 1,2,3-[ 05,(CO), {P(OMe), }(PPh,), ], compound 3, in toluene with
expanded spectira shown for the PPh, resonances at different temperatures.



C46

80°oC
-19°C
-40°C
AXIAL EQUATORIAL
T T L] T i '
200 190 180
]

Fig. 3. Natural abundance '3C {‘H} NMR spectra for compound 3 in toluene in the presence of
0.05 mol dm ~? [Cr(acac),].

193.5 ppm; doublets) and three equatorial (5 181.3, 180.4, and 179.5 ppm;
singlets), all broaden at the same temperature and coalesce to give a single re-
sonance (5§ 189.4 ppm) at 80°C (Fig. 3). Similar observations were made on
[Os3(CO)s {P(OMe); } (PMe,Ph), ]. Thus the lowest energy process involves
axial—equatorial site-exchange and we can clearly rule out a mechanism corre-
sponding to B. Furthermore the CO exchange rate is the same at each osmium
atom which points to turnstile rotations at the different osmium atoms being
coupled as in compound 1 if C also operates in that case. A reorientation of the
metal triangle within a ligand polyhedron of the type discussed for [ Fe;(CO),,-
(PR;)] etc. [6] would presumably have to occur without transfer of tertiary
phosphines between metal atoms and it is difficult to see how this in itself
could account for these exchanges.
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