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The varwable temperature *C nmr of M(CO),
(M = Fe Ru Os) have been studied Fe;(CO),, and
Ru3(CO), give one sharp resonance down to —100° C
0s3(CO) 1, shows two resonances at room temperd
ture which coalesce to a single resonance at +150° C
Possible mechanisms for carbonyl averaging are con
sidered  The *C nmr of the acetylenic complexes
HM(CO)oC,C(CH4)5 (M = Ru  Os) were exanmined
and shown to be stereochenucally nonrigtd Both the
osmuum and ruthenium compounds show anial equa
tortal exchange on the metal atom which 1 sigma
bonded to one of the acetylenic carbons Only the
ruthcnium compound shows exchange bcrween metal
atoms n the temperature range examined The im
portance of bridging intermediates i this exchange
process s discussed

Introduction

In the pist few years new msight has been guned
mnto the mechanisms of stereochemical nonnigidity n
trnsition metil cirbonyl complexes using PC-nmr
Investigations of the variible temperitute **C nmr ot
complexes Fe(CO),L (L =olefin’ 2 or phosphine?)
and (CO),Fel*® (L = diene or Bi 12 diphonyl
phosphine ethane®) hue shown that hgand (1) 1ot
tton and polytopic rerraingement of carbonyl groups
can occur both independently o1 simultineously
this class of compounds In the cise of dinucle ir™’
ind tetranucle ir complexes!'="* *H nmr ind *C nmr
have shown tht exchinge of cirbonyl groups between
metal toms tikes place by interchinging bridging
with termmil carbonyl hginds or vii brndged inter
mediates However besides accounts on Fe;(CO),,'° 1
there has been onlv one reported ivestigition of
trinuclear carbonyl clusters’” We report here 1 new
<liss of stereochemicilly nonngid trinucle ¢ ubonyl
cluster complexes with icetylenic liginds which exhibit
both polytopic rearrangement on 1 single metil 1tom
and mtramolecular exchange between metal atoms
We have also eximined the variable temperature "*C
nmr of the pirent trinuclear metal cirbonyls M5(CO),,
(M = Fe Ru Os) twootthemover 1wider temper iture
range than his been previously iepotted’”

Results and Discussion

The X 11y crystal structures of the trinucle ir clusters
M;(CO);, have 1ll been determined The ruthenium
and osmium compounds ire 1sostructural eich metal
itom having twelve termmal carbonyls in v slightly
ditorted octihedril environment (I)'® (I The
non compound (ITI) his two bidging cubonyls be
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tween two metids with thice tetmin il cubonyls eich
ahilc the thud metal itom has tour terminal carbon
vIs2® The C nmr of (I) ind (III) show one sharp
resonince n the carbonyl region At 198 0 ppm and
210 1 ppm 1espectively down to —100°C?* Complete
scrimbling of 1ll cubonvl groups could occur by simple
w1l cquatortil exchange of cirbonvls in the case of
Ru;(CO)y, 1 his been shown for mononuclear com-
plexes In the case of wron this process requires prior
opening of the carbonvl bridges Alternatively scram
bling could occur by exchinge of cartbomvl gioups
bctween metil atoms vii bridged intermedrates The
solid state structure of (II) might represent an inter
mediate 1n the exchange for Ru,(CO)y, ind vice
versa In dditton  wxiil-equitorial interch inge may
precede tormation of bridged mtermedites since this
mechinism requires severe distortion ot the pseudo-
octihedril environment on 1 metal atom with four
terminal ¢ ubonyl lig inds

The varnible temperiture *C nmr of Os;(CO)y,
(IT1) 1s very different tfrom 1ts ron nd ruthenum
mnilogs (see Figure 1) At +22° C two putially broad
ened 1ecsonances are observed at 1839 ppm and
172 3ppm (W 1/2 = SHz)in 1 1 integrated intensities
These 1esonances broaden coalesce and shirpen to a
single resonince at +156°C The tendency to form
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Figure 1. Variable temperature *C-nmr of Qs,(CQ),, (1)
in the carbonyl region in C¢Dy, and CoD;CD;.

carbonyl bridges decreases as one goes down a given
metal triad, due to incrcased metal—-metal bond lengths
and the smaller back donation (metal d — to CO x%)
requirements of second and third row transition met-
als*®. Ruthenium and to a lesser degree, osmium do
form carbonyl bridges in derivatives where strong donor
ligands are substituted for carbon monoxide®?. If we
assume that the availability of bridged intermediates
varies in the same way. the slower rate of averaging
of axial and equatorial carbonyl groups in (1I) could
be due to the higher activation energies necessary o
form these intermediates. However, it is possible that
simple axial-equatorial exchange could also require
higher activation energies in the osmium compound.
There is no way to experimentally distinguish between
these possibilities in the parent carbonyls.

We have investigated the variable temperature *C-
nmr of two acetylenic complexes, HM;(CO),[C,C
(CH;)3] [M = Ru (1V), Os (V)]
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Although it was not known at the start of our investi-
gation whether (IV) and (V) would exhibit stereo-
chemical nonrigidity, it is known that the barrier to
axial-equatorial exchange increases with increasing
electronegativity of the substituted ligand in mono-
nuclear iron carbonyl complexes'?.

In compounds (IV) and (V) M(1) is o-bound to
an acetylenic carbon while M(2) and M(3) arc x-
bound, affording the opportunity to investigate the
effect of two different bonding environments on carb-
onyl ligand exchange in the same complex. The low
temperature limiting spectra of (IV)(-62°C) and
(V)(=37°C) are shown in figures 2 and 3 respectively.
Five resonances in integrated intensities of 1:2:2:2:2
are observed in each case [(IV) 196.5, 194.3, 190.1,
186.5, 185.6 ppm: (V) 183.3. 173.7, 171.8, 169.6,
162.8 ppm]**. This pattern of resonances is consistent
with the solid state structure of (IV) and confirms
that (V) is isostructural with (IV)?>. As the tempe-
rature is raised both (1V) and (V) show similar changes
in their “C-nmr. The resonance assigned to the
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Figure 2. Variable temperature “C-umr of HRu,(CQ),
[C2C(CH;);] (1V) in the carbonyl region in CDCly, CeD,
and C¢D;CD3.
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Figure 3. Variable temperature *C-nmr of HOs;(CO),
[C,C(CH;)3] (V) in the carbonyl region in CDCl;, C,Dy
and C¢DsCD;.

unique axial ligand (1) begins to average with re-
sonance (3) at 190.1 ppm in (IV) and with resonance
(2) at 173.7 ppm in (V). Above +22°C the spectra
of (IV) and (V) differ markedly. In the *C-nmr of
(V) resonances (1) and (2) average to a single re-
sonance at 178.9 ppm (+76°C) of relative integrated
intensity three. Resonances (3)—(5) in (V) remain
unchanged until +173°C where slight broadening of
all resonances is observed. In (1V), however, reso-
nances (2), (4) and (5) begin to broaden at +35°C,
before (1) and (3) average to a single sharp reso-
nance. Broadening of all resonances continues followed
by the appearance of a single average resonance at
189.9 ppm at+153°C. We interpret these results to
mean that axial-equatorial exchange at M(1) in (IV)
and (V) is taking place independently of exchange
between metal atoms. The barrier to axial-equatorial
exchange is lower at M(1) than at M(2) and M(3)
since it is bound to a better charge donor (i.e. 6-bound
to the acetylenic carbon). The static nature of the
hydride ligand during this averaging process is indi-
cated by the observation that the hydride is coupled
only to resonance (5) (*J'H-M-"CO = 4-6 Hz) in

55

(1V) and (V) at low and intermediate temperature in
both compounds. These results suggest that the acety-
lenic ligand is also static since its rotation on an axis
perpendicular to the plane of the metal atom triangle
would most probably be coupled with hydride exchange
between metal atoms. We feel that the difference in
the high temperature spectra of (IV) and (V) is best
understood in terms of exchange of carbonyls between
metal atoms via bridged intermediates. The bridged
intermediates are of lower energy in (1V) than in (V)
and leads to more facile exchange in the ruthenium
complex.

We conclude from our results on (I)~(V) that li-
gand charge donor ability is of primary importance in
determining the barrier to axial-equatorial exchange
of carbonyl groups, as has been found for mononuclear
complexes, and that this process can take place at a
single metal in a cluster independently of exchange
between metal atoms. Furthermore, it is likely that
simultaneous axial-equatorial exchange at different
metal atoms in a cluster is coupled to formation of
bridged intermediates and subsequent exchange of
carbonyls between different metal atoms. We are cur-
renly extending these studies to other derivatives of
(D—(II1) in the hope of shedding further light on the
details of the exchange mechanisms in carbonyl metal
clusters.

Experimental

Materials

Compounds I, IT and III were prepared by known
literature proceedures®®. Compounds 1V and V were
prepared by the reaction of I and Il with tertiary
butylacetylene which is described in detail elsewhere®.
Deuterated solvents were purchased from NMR Ltd.
and were used directly after drying over molecular
sieves. Samples of (I)-(V) were enriched 45-65% by
stirring for five days at 40-90° C in the presence of
< 1 atmosphere of 90% enriched *Co (Stohler Isotope
Chemicals). Sample purity after enrichment was con-
firmed by mass spectroscopy. Solutions of (1)~(V)
(0.05-0.2M) were sealed under vacuum in 10 mm
tubes with the addition of 0.05M Cr(acac); as an
inert relaxation reagent and tetramethylsilane as an
internal standard. *C-nmr spectra were recorded on
a Jeol-PFT-100 operating at 25.1 MHz in the Fourier
transformer mode. All chemical shifts are reported
downfield positive with respect to internal TMS. Ac-
cumulations of 2000-10000 transients were performed
at each temperature at a spectral width of 5.000 Hz.
The temperature was monitored by a Jeol INM-DBT-
P-5-HIOOE temperature control unit with a thermo-
couple approximately 1 cm below the sample (outside
of the RF and decoupling coils).
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