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Internuclear Exchange of Carbonyl Groups in Os;(CO),,: Coupling Constants
J(*0s-2QC) in Trinuclear Osmium Carbonyls

By AvranpiL A. KorIDzE,* OLGA A. KizAs, NADEzZHDA M. AstakHOVA, PAVEL V. PETROVSKII and YUrll K. GRISHIN

(Institute of Organo-Element Compounds, Academy of Sciences, Moscow, U.S.S.R.)

Summary The first measurement of nuclear spin-spin
coupling constants 1J(1¥”Os-13C) is reported for the com-
plexes 1870s4(CO),, and [1870Os,H(CO),,]*; in the 3C n.m.r.
spectrum of 1870Os,(CO),, at 150 °C, the averaged resonance
is a 1:3:3:1 quadruplet, J(*#¥?0Os-3C) 33 + 1 Hz, which
indicates that the intramolecular rearrangement occurs
via an internuclear mechanism.

TaE stereodynamic behaviour of Mj(CO),, (M = Fe, Ru, Os)
complexes and their derivatives has received especial atten-
tion.! The crystal structures of all three carbonyls are
known; Fe(CO),, has the least symmetrical (C,) structure
with two asymmetric bridging CO groups, whereas the
ruthenium and osmium carbonyls have a symmetrical Dy
structure and contain only terminal carbonyls.2 In solution
Feg(CO)y, and Ruy(CO),, undergo a rapid rearrangement
leading to scrambling of the carbonyl groups; even at
—150 °C the 3C n.m.r. spectrum of Fe,(CO),, contains a
single resonance implying an extremely low exchange-
process barrier. The complex Osy(CO),, in solution at room
temperature is stereochemically rigid: its 1*C n.m.r. spectrum
shows two resonances of equal intensity for the axial and
equatorial CO groups, in accordance with the crystal
structure. Upon heating the Osy(CO),, solution these signals
broaden, coalesce and, at 150 °C, under conditions of rapid
exchange, the spectrum comnsists of a narrow single line.?
It is supposed that the process of scrambling the CO groups
in Fey(CO),, includes, as an intermediate compound or inter-
mediate state, a structure with non-bridging CO groups.?
As for Ruy(CO),, and Os,s(CO),,, their COzx = COgq exchange
may have either a local nature, 7.e. take place at an individual
metal atom, or an internuclear one, with the participation
of bridging intermediates of different structures [one of them

is the structure found for Feyg(CO),, in the solid state]. It
has been repeatedly noted, however, that it is impossible
to choose between different mechanisms of carbonyl
scrambling in such symmetrical molecules as Ruy(CO),, and
Os3(CO)y,, although carbonyl exchange via bridged inter-
mediates has been observed in phosphine-substituted de-
rivatives of Osy(CO)q,.5

In the present communication we show that the CO,y =
COg¢q exchange in Osy(CO),, is an internuclear process. This
follows from the results of ®C n.m.r. studies of the complex
1870s4(CO),, enriched with a metal isotope with 1/2 nuclear
spin (¥’0Os, natural abundance 1-649,). A sample of 187Os
(99-89%,) was oxidized in osmium tetroxide and the product
was carbonylated by the usual method.® The product,
1870s,4(CO);,, after enrichment with 13C (up to ca. 60%) by
heating with excess of 3CO in toluene, was investigated by
13C n.m.r. spectroscopy at 25 and 150 °C [in CgDg and
C¢H;CD; solutions in the presence of Cr(acac); (Hacac =
acetylacetone)]. The spectrum obtained at 25 °C showed
two doublets at § 182:3 and 170-4 p.p.m., with 1] (1870s-13C)
90 4+ 2 and 115 4 2 Hz, respectively (Table). On the basis
of arguments derived from a consideration of the spectrum
of the hydride complex [*%"Os,H(CO),,]* (see below), the
signal with the lower value of J(*¥Os-13C) has been assigned
to the carbons of the axial carbonyl groups. At 150 °C the
spectrum of the complex $70Os(CO),, contains a 1:3:3:1
quadruplet with J(170s-13C) 33 + 1 Hz at § 176:4 p.p.m.
(Figure). The value of the averaged coupling constant
observed under conditions of rapid exchange makes up one
third of the mean !](*?Os-13C) value for carbon atoms of
the axial and equatorial groups. This value and the signal
multiplicity show unambiguously that, first, the exchange
process is intramolecular, and secondly, under conditions of
rapid exchange all CO groups have access to the three
osmium atoms (internuclear process).
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Figure. 1C N.m.r. spectrum of ¥7Os4(CO),, at 150 °C.

We also investigated a cationic hydrido-complex formed
upon dissolution of dodecacarbonyltriosmium in concen-
trated sulphuric acid.? The 13C-{'H} n.m.r. spectrum of
a sample with 180Os in natural abundance showed five
resonances of relative intensity 1:2:1:1:1at6 177:6, 177-1,
166-7, 161-4, and 160-8 p.p.m. (with respect to external
SiMe,), respectively (Table). In the undecoupled 3C spec-
trum the resonance of maximum intensity is observed as
a broadened singlet, and the two high-field resonances
appear as doublets with 2J(*3C-tH) 3-7 and 6-6 Hz, re-
spectively. These results indicate unambiguously that the
hydrogen atom is bridging and lies in the Os; plane, i.e. the
complex [OssH(CO),,1* has structure (1). The measurement
of 1J(1870s—13C) constants for complex (1) made it possible
to assign the resonances of the axial and equatorial groups.
The assignments of the B and C resonances are only tenta-
tive; we assume that the 2J(33C-'H) value should be greater
for the ligand in the C position.
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Thus, investigation of complex 8?0s(CO),, established
that carbonyl scrambling in the osmium cluster results from
an internuclear exchange process. The results obtained do
not allow us to choose between different mechanisms of inter-
nuclear exchange. It is of interest, however, that in the
mixed cluster RuOs,(CO),, one of the identified processes is

TaBLE. 13C N.m.r. spectroscopic data for osmium complexes at
25 °C
Spin-spin splitting
constants/Hz
Relative Assign- 1J(1870s- 3]J(13C-
Complex 3/p.p.m. intensity ment 13C) 1H)
18705(CO),, 1823 1 COax 90+2
170-4 1 COe¢q 11542
[870ssH(CO) ]+ 177-6 1 D 85+1
(1) 1711 2 A 84+1  broad-
ened
peak
166-7 1 E 12142
161-4 1 B 12042 33
160-8 1 C 116+2 6-6

two-centre exchange.® Thus, in the ¥C n.m.r. spectrum of
this complex at 145 °C, a single resonance is observed at
& 183-9 p.p.m. which broadens upon cooling, coalesces at
ca. 70 °C, and at 30 °C the spectrum contains two signals of
relative intensity 5:1 at & 186-4 and 170-6 p.p.m., re-
spectively. The process observed at 30 °C can be explained
by the Scheme, according to which the exchange occurs via
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formation of species with two bridging CO groups only
between ruthenium and osmium atoms. As a result of this
process 10 carbonyl groups take part in the intramolecular
exchange, while two CO groups #rans to the Os—Os bond do
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not take part in the exchange. A referee suggested that mnuclear mechanism; this will be the subject of our full
our results might also be explained in terms of migration paper.

of the metal plane within the ligand polyhedron.® At

present, however, we cannot give preference to either inter- (Received, 18th May 1981; Com. 587.)
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