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Recently we found out that a vanadate-supported methallyl-
rhodium complex{(73-C4H7)2Rh} 2(V4012)]2~ undergoes EC
coupling by the action of CO to yield a (dimethylhexadiene)-
rhodium complex {(7*-CgH14)Rh} 2(V4012)]>~, 1.2 Although
X-ray structural analysis confirmed that all V atomslrare
equivalent, a solution prepared by dissolving analytically pure
crystalline material gave two peaks in %/ NMR spectrum
in a roughly 1:3 ratio at ambient temperature (Figure S1,
Supporting Information). This puzzled us for some time until
we realized that pivoting of the organometallic fragments on
the vanadate surface could yield two different isomers of
[{ (7*-CgH14)Rh} 2(V4012)]%~ (see the illustration given in the
Table of Contents).

If the organometallic group on the vanadate surface had a
local 2-fold symmetry, pivoting would cause no net structural
change. In the current case, however, thfeGsH14)Rh groups
do not have such local symmetry, and their pivoting results in
isomerization. The €C single bonds that are orientated
outward at the beginning point inward after pivoting. Assuming
that the more thermodynamically stable form is isolated in the
solid state, we tentatively assign the larger peak to d¢ke
isomer ofl and the smaller peak to tlrendoisomer.

A closely related compound (7*CsH10)Rh} 2(V4012)]%7, 2,
also gave two peaks in i3V NMR at lower temperatures,
although it gave a single peak at room temperature (Figure
S2, Supporting Information). The distinctive difference be-
tween the spectra df and2 was the pattern of the splitting.
In the spectra ofl, the intensity of the peak at the higher
field (—496 ppm) was greater than that at the lower field
(—473 ppm). On the other hand, in the spectr2,af was the
lower field peak 474 ppm) that had the higher intensity. Is
this indicating that the thermodynamically stable form is
different for1 and2? A single-crystal X-ray structural study
of a{ (CeHs)3P} 2Nt (=PPN) salt o suggested that the answer
is “yes”3 The anion2 assumed thendoform in the solid state
(see Figure 1). The crystal consisted exclusively oféhdo
form, and no other isomer was found in the solid state.
Although2 has no rigorous crystallographic symmetry, it closely
approximates its maximum possible symmetry ofi 2C5), just
like 1 and the other [M(V4012)]?>~ compounds structurally
characterized so fdr.

The isomerization o2 in solution could also be followed by
IH NMR (Figure 2). If 2 retains its solid state structure in

Figure 1. Structure of { (7*-CsHi0)Rh}2(V4012)]%".

solution, one would expect to observe five differéHtpeaks.
However, it gave only four relatively broad peaks at room
temperature. These peaks split at lower temperatures, and at
—80 °C the spectrum basically consisted of two different sets
of peaks; one set is the five peaks labeledRin Figure 2,

and the other set is composed of the five smaller peaks labeled
A*—E*. The intensity ratio of the large and small peaks was
roughly 3:1, which coincides with the intensity ratio observed
in 3V NMR. Pairwise exchange between A and A* etc. was
confirmed by spin saturation transfer experiments. Assuming
once again that the thermodynamically favored form was
isolated in the solid state, we tentatively assign the larger set
of peaks to theendoisomer and the smaller ones to thro
isomer.

The NMR signals of hydrogens A, D, and E shifted upfield
when the endo form isomerized to theexo isomer, while
hydrogens B and C shifted downfield on isomerization. Those
shifted downfield are the hydrogens that move closer to the
vanadate ring concomitant with the pivoting of the organome-
tallic fragment. Those that shifted upfield are the ones that move
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ring and then rearrange themselves, three different isomers
would be formed éndo-endo, endo-exandexo-ex®, and we
should have seen thré&/ peaks in a 1:2:1 ratio in this case.
The same argument can be applied tofHeNMR spectra. (4)
The NMR line shapes were independent of the concentrations
of the solutions.

By elimination of the possibility of intermolecular exchange,
we are left with a intramolecular mechanism. Pseudorotation-
type ligand inversion involving solvent molecutdés one such
mechanism. In fact, the rate of exchange was dependent on
the solvent used. However, this mechanism fails to explain the

c.p water observed’O NMR spectrum. Only three peaks (1061, 795,
A B \E  asec and 544 ppm) appeared in the spectrum of the'Zsenriched
samples ofl-TBA in CH,Cl, at 23°C. In the pseudorotation-

N AL 10 type pathway no RhO bonds break and thus exchange between

0°C terminal oxygens and those bridging Rh and V atoms would
not take place. Therefore tA60 NMR spectrum would have
S L shown four peaks if the pseudorotation-type mechanism were
I VR | N4 responsible for the isomerization.

wﬂ All the observations mentioned above suggest an intramo-

lecular mechanism that involves R bond breaking is

/N, S| U W | . responsible for the dynamic behavior bfand2. Pivoting is
-50°C the simplest such mechanism. This simple mechanism explains
. the dynamic behavior of all the other ¥ 4012)]"~* compounds
JL,M\_/\JLM synthesized so fd%° Moreover, it also explains why the
A D IC BE exchange rates of [M(MD12)]3~ compounds are much greater
R Sw. DJ“ f\es f07C than those of [M(V4012)]2~ compoundg:® In [M2(V4012)]%",

r T T T 7 1 the organometallic fragments are attached to both sides of the
S 4 38/ 2 1 0 V4012 moiety and thus they have to pivot in a concerted manner.
i . pp'." This would make the activation energy higher and result in a
;‘%‘I{Iﬁ] ;t hg?ggeﬁféi%icetx‘é g][?r‘]’é'rr‘gldorgg’?;%gﬁsrgé(&gg}z)\]/:riable low overall reaction rate. There is no such restriction for the
A N . " [M(V 4012)]3~ complexes, and the organometallic fragment may
temperaturéH NMR of (PPN)Y{ (7" CaHo)RMo(V4Os2)] in CDCLe. pivot freely on the surface of 1». A quantitative study to
determine the kinetics and activation enthalpy and entropy for

Finally, we need to discuss whether the observed dynamic ="~ """~ ©
pivoting is in progress.

behavior can be explained by a mechanism other than pivoting.
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