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SUMMARY

Room temperature }3C NMR spectra of five {polyolefin)Fe,(CO)s complexes
(I~(V) {polyolefin=cycloheptatriene [(I), C;H4], cyclooctatriene [(II), CgH,,],
bicyclo[6.1.0]nona-2,4,6-triene [(III), CoH,,], and its 9-chloro derivative [(IV),
CyHCl], bicyclo[6.2.0]deca-2,4,6-triene [(V), C,oH,,]} are reported. All spectra
are symmetric in the organic region, since the molecules have a real or apparent
symmetry plane. However, they differ in the carbonyl region, and from the number of
13CO peaks it is possible to anticipate the fluxional or non-fluxional behavior of
these types of molecules.

INTRODUCTION

Several complexes of the type (polyolefin)M,(CO)s containing an M—-M
bond have been recently reported! =19
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* Work presented at the “Vth Annual Meeting of Inorganic Chemistry-A.1.C.I.” Taormina, Septem-'
ber 25-29, 1972; Communication C-18. i
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Fig 1. Fluxional behavior of (polyolefin)M ,{CO)s complexes.

Most of these complexes are “fluxional™!?, and the most satisfactory explana-
tion for their behavior in solution is indeed a rapid interconversion of two asymmetric,
energetically equivalent, configurations'?~!% (a and d in Fig. 1). Whether these inter-
conversions involve a symmetric intermediate (b or ¢) and what kind of intermediate
is the most likely to be involved, remains an open question!>-16,

There are, however, a few examples, namely Fe,(CO) complexes of cyclohepta-
triene (I)'%, bicyclo[6.1.0]Jnonatriene (I11)%, and cyclooctatetraene oxide’, which do
notshow any changes in the *H NMR spectrum at various temperatures, suggesting the
presence of a real symmetry plane at least in solution. The fact that a compound of the
type (polyolefin)Fe,(CO)s shows an invariant NMR spectrum because of its non
fluxional behavior, does not mean that in the crystalline state the molecule must be
symmetric. Although in the only case so far studied crystallographically'® C,HgFe,-
(CO), displays the same symmetric structure in the crystal (b in Fig. 1) as is suggested
in solution, other cases might be found in which the compound becomes symmetric
and rigid in solution although showing an asymmetric structure in the solid.

Thus for (polyolefin)M,(CO)s complexes (M=Fe, Ru) a distinction between
fluxional and non-fluxional molecules at room temperature is not feasible on the
basis of 'TH NMR techniques. In both cases the 'H NMR spectra show a symmetry
plane; a real symmetry plane is found in the non-fluxional molecules, whereas only an
apparent one, resulting from a time averaging process (Fig. 1), exists for fluxional
molecules of this type. Only a variable temperature investigation of the 'H NMR
spectra can detect the interconversion between energetically equivalent configura-
tions (@ and d). An X-ray crystal and molecular determination is also of great help.
Difficulty is often caused by limited solubility of the compounds at low temperatures,
which does not allow the 'H NMR spectra to be recorded and it is often hard to obtain
good crystals and to prevent their decomposition in the X-ray beam. Furthermore
the length of time required for such investigations must be considered. '

We present here a simple criterion by which one can anticipate the fluxionality
or non-fluxionality of compounds of the type (polyolefin)Fe,(CO)¢. This criterion is
based on an analysis of the room temperature 13C NMR spectra of such compounds
both in the organic as well as in the carbonyl regions.
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EXPERIMENTAL

The complexes C,HgFe,(CO)s (I)!, CgH,oFe,(CO)s (11)%, CoH,oFe,(CO)s
(I11)3, CoH,ClFe,(CO)g (IV)*, and C, oH, ,Fe,(CO)s (V)*, were prepared according to
published methods and purified by column chromatography, crystallization or subli-
mation.

13C NMR spectra were recorded at 22.63 MHz on a Briiker HX-90 or at 25.2
MHz ona VarianXL-100 spectrometer* equipped with a Fourier transform capability,
in C¢Dy as the solvent with TMS as internal standard reference. All proton spectra
were decoupled and deuterium was used as an internal field frequency lock. Low
temperature spectra were measured using CS,/CF,Cl,/TMS mixtures.

RESULTS AND DISCUSSION

The organic region of the '3C NMR spectra at room temperature is similar for
all compounds investigated. As expected for molecules which display a symmetry
plane (real or apparent) a single line is found for each pair of carbon atoms (Fig. 2a, b).
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Fig 2. '3C NMR Spectra of (polyolefin)Fe,(CO), complexes recorded on: (a), Varian XL-100; (b), Briiker
HX-90 in C4Dyg, at room temperature. Assignments are tentative.

* We thank Drs. R. Price (Bn‘ikell AG, Karlsruhe, Germany) and F. W. Wherly (Varian AG. Zug,
Switzerland) for running some of the spectra reported herein.



332 G. DEGANELLO

TABLE 1

13C NMR SPECTRA (NUMERICAL VALUES) OF SOME (POLY OLEFIN)Fe,(CO); COMPLEXES
AT 30°¢

Complexes CO region® Organic region®
C-,HaFez(CO)s (I)‘ 21503 7493 63.95 63.32
212.66 40.34
CaH1oFe2(CO)s 13 211.73 7405 6968 4865
41.29
CoH,oFes(CO)s Y 21307 7788 6846 4585
211.38 25.57 9.27
CoHoCIFe,(CO)s (I} 21188 - 7410 6961  48.62
36.85 10.21
CioH:Fe,(CO)s (VY 21138 7286  70.18  53.87
49.58 22.87

@ In C¢Dg solution. ® In ppm from TMS. ¢ Varian XL-100. ¢ Briitker HX-90.

Numerical values of the chemical shifts are listed in Table 1.

However, in the carbonyl region some complexes, namely (I) and (III), show
two peaks (in an intensity ratio of ca. 2/1), whereas (II), (IV), and (V) display a single
peak.*x

An interpretation can be made on the basis of simple considerations. For a
compound, which is not fluxional the plane of symmetry must be real and symmetry
considerations predict three pairs of magnetically non-equivalent carbonyl groups.
The fact that in (I) and (III) only two peaks of different intensity are obtained may be
due to accidental superposition. For a fluxional compound, the appearance of a single
peak in the carbonyl region indicates that at least two distinct processes occur. First,
interconversion shown in Fig. 1 occurs; this time-averaging process however,
should lead to a }3C NMR spectrum very similar to that found for the non-fluxional
molecules of the type (polyolefin)Fe,(CO)¢[ (1) and (1I1) 1, since the rapid interconver-
sion between the two asymmetric configurations (a and 4 in Fig 1) is equivalent, for
the spectrometer, to a molecule displaying a rigid symmetric configuration. This
behavior is found in the NMR spectrum of fluxional compounds in the solid state,
where only the organic unit is mobile'%. In solution, in addition to this process, another
one is operating which involves rapid interchange (scrambling) of the carbonyl
groups, thus accounting for the single peak in the '*C NMR spectra at room tempera-
ture. This proves, in our opinion, unequivocally that the carbonyl groups also
independently participate in the fluxional behavior of these molecules.

Preliminary observations of variable temperature '3C NMR investigations
reveal very complicated behavior between +23° and —100° for both (II) and (V),
and suggest that at least two rearrangement processes are involved. One of these

* The occurrence of a single **CO peak at room temperature in (* ) was observed independently by
F.A. Cotton and O. Gansow who have subsequently confirmed our observation of a single peak also in (I.)

(Personal communication).
**x While this manuscript was in preparation it was reported?” that the carbonyl region *C NMR

spectrum of cyclooctatetraene Fe(CO), exhibits one peak at room temperature and two peaks (2/1 ratio
in intensity) below —120°.
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would be due to the interconversion a++*d and another to the independent interchange
(scrambling) of the carbonyl groups!?-2°.

In principle, other cases might occur in this series of complexes, at room
temperature, such as a spectrum which is asymmetric in the !*C organic region and
displays six peaks in the 13CO region. This spectrum should belong to an asymmetric
molecule and the fluxionality of the compound should appear at higher temperatures.
This would be an exception among (polyolefin)Fe,(CO)s complexes since it would
require a very high activation energy ; no such cases have been reported so far.

A The '3C NMR spectrum of (V) at ca. — 130° shows, as expected for its “frozen”
configuration (a or d), six distinguishable carbonyl peaks'®.

The interpretation of the }3C NMR spectra given here is fully in agreement
with the fluxional [ (IT)and (V)] or non-fluxional behavior[(I)and (III)] found through
variable temperature studies with 'H NMR techniques. By a logical extension of the
above described criterion we can anticipate that (IV) will be fluxional and will
display an asymmetric crystal and molecular structure, very similar to the other
fluxional complexes of the series?!.

The factors which influence the fluxional behavior are not yet clear and much
work is needed on this aspect since several competitive effects must be responsible for
the contrasting behavior found in the above series [(I)-(V)].
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