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Communications

Axial-Equatorial Isomerism in the Pentacoordinate
Complexes M(CO),(EPh;) (M = Fe, Ru, Os;

E = P, As, Sb)

Sir:

Most crystallographic studies on complexes of the type
M(CO),L (M = Fe, Ru; L = group 5A donor ligand) reveal
approximate trigonal-bipyramidal geometry about the tran-
sition metal with the noncarbonyl ligand in an axial position."?
The case of Ru(CO)4(SbPh,) is, therefore, unusual in that the
structure determination shows the triphenylstibine group oc-
cupies an equatorial site in the solid state.’> We have now
synthesized Ru(CO),(AsPh;), Os(CO),(AsPhj), and Os-
(CO),(SbPh;) along with the other, previously known,*
members of the series M(CO),(EPh,;) (M = Fe, Ru, Os; E
= P, As, Sb), by the reaction of M(CO); with the appropriate
ligand.® The crystal structures of Ru{CO),(AsPh;) and
0Os(C0),(SbPh;) have been determined;® in the former com-
pound the noncarbonyl ligand occupies an axial site whereas
in the latter it adopts an equatorial position (Figures 1 and
2). Furthermore, Os(CQO),(AsPh,) was isostructural with its
ruthenium analogue.’

The infrared spectra, in the carbonyl region, of this series
of complexes are consistent with the presence of both axial
and equatorial isomers in solution for the cases with M = Ru,
Os and E = As, Sb (Figure 3, Table I).!® The single ca:bonyl
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(9) Crystallographic data for Os(CO),(AsPh;): a = 10.633 (6), b = 11.029
(7), ¢ =9.979 (6) A; a = 113.43 (5), 8 = 93.24 (5), v = 91.60 (5)°.

Figure 1. ORTEP diagram of Ru(CO),(AsPh;). Bond lengths (A):
Ru-As, 2.461 (1); Ru—C(1), 1.918 (5); Ru—C(2), 1.915 (5); Ru—C(3),
1.921 (5); Ru—C(4), 1.890 (5). Bond angles (deg): As—Ru-C(4),
178.5 (2); C(1)-Ru—-C(2), 117.9 (2); C(2)-Ru-C(3), 123.4 (2);
C(3)-Ru-C(1), 118.5 (2); Ru-As—C(mean), 115.2.

Table I. Infrared Spectra (Carbonyl Region) of
M(CO),(EPh,) Complexes®

compd eq®  ax.© eq ax. eq ax.

Fe(CO), (PPh,) 2052 1979 1947
Fe(CO),(AsPh,) 2051 1977 1947
Fe(CO),(SbPh,) 2048 1976 1946
Ru(CO).(PPh,) 2062 1988 1955
Ru(CO),(AsPh;) 2079 2061 1999 1986 1958
Ru(CO),(SbPhy) 2078 2060 1999 1987 1967

0s(CO), (PPh,) 2061 1983 1946
0s(CO),(AsPh,) 2077 2061 1991 1981 1947

Os(CO),(SbPh,) 2076 2060 1992 1978 1957 1950

@ All spectra recorded in hexane. ® Equatorial isomer. € Axial
isomer.

13C NMR resonance (207.7 ppm) observed for Ru(CO),-
(SbPh,) in CFCL,H solution at —115 °C strongly suggests the
two isomers are in rapid equilibrium on the NMR time scale.
(Five-coordinate metal carbonyl derivatives are invariably

(10) The original report of Ru(CO),(SbPh;) incorrectly ascribed all the
infrared-active CO stretches observed for this compound in solution as
due to the equatorial isomer.?
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Figure 2. ORTEP diagram of Os(CO),(SbPh;). Bond lengths (A):
Os-Sb, 2.612 (2); Os—C(1), 1.926 (6); Os—C(2), 1.911 (7); Os—C(3),
1.953 (6); Os—C(4), 1.939 (6). Bond angles (deg): C(3)-Os-C(4),
173.8 (3); Sb—-0s—-C(1), 107.0 (2); C(1)-0s-C(2), 136.4 (3); C-
(2)-0Os~-Sb, 116.6 (2); Os~Sb~C(mean), 117.9.

stereochemically nonrigid.>!!)

This represents the first time where a site preference
switchover for a closely related series of five-coordinate com-
plexes has been observed. The reasons for the switchover are
not clear. As can be seen from Table I, the tendency to give
the equatorial isomer is Ph,Sb > Ph;As > Ph,P. It is usually
assumed that in five-coordinate organometallic complexes the
better m-acceptor ligand adopts the equatorial position.!?
However, the spectroscopic data are not consistent with the
triphenylstibine ligand as having exceptional m-acceptor
properties. The CO stretching frequencies of the M(CO),-
(EPh,) complexes (axial isomer) are all very similar, which
suggests the m-acceptor ability of the EPh, ligands are similar
(a conclusion reached by other workers!*!4), The results
certainly do not indicate that SbPh, is a superior = acceptor
to CO.

Rossi and Hoffmann concluded that, for d® complexes such
as these, the weaker o-donor ligand would also favor the
equatorial position,'* a conclusion similarly reached by Burdett
by use of angular-overlap methods.! The present results could
be rationalized in terms of the og-donor ability of the various
groups. Most experimental evidence'4'"!® (but not all'®) in-
dicates the donor ability of group 5 ligands follow the order
P > As > Sb. If the donor ability of CO were greater than
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Figure 3. Carbonyl stretching region of the infrared spectra of some
M(CO),4(EPh;) complexes in hexane: (1) Ru(CO),(AsPh;); (2)
Os(CO),4(AsPh;); (3) Ru(CO)4(SbPhy); (4) Os(CO)4(SbPh,). (Bands
assigned to the axial isomer are marked with an asterisk.)

that of Ph,Sb, then an order of PhyP > Ph;As > CO > Ph,Sb?
for the donor strength (in transition-metal complexes) could
explain the occurrence of equatorial isomers in the present
series of compounds. (Although the CO stretching frequencies
in M(CO),L molecules should change with the o-donor
properties of L, it is not expected to be as marked as the change
with « properties.??) On the other hand, it may be that steric
factors are responsible for the preference of the axial isomer
for those complexes with short M-E distances since the
equatorial position for the ER; ligand is the more sterically
hindered.!! The closest intramolecular contacts between the
group 5 ligand and the carbonyls within Ru(CO),(AsPh;) and
Os(CO),4(SbPh;) are at the sum of the van der Waals radii
for the atoms involved (closest contact: C(1)--H(12) = 3.04
A in Os(CO),(SbPh,)). However, calculations on a model
of the equatorial isomer of Os(CO),(AsPh,), using coordinates
from Ru(CO),(AsPh;) and Os(CO),(SbPh,), do indicate two
contacts that are slightly less than this sum (C(1)--H(12) =
2.79 A; C(4)~-H(36) = 2.83 A).2® These interactions may

(20) Such an order is suggested by the heats of formation of L-BX; adducts
(in keal mol™, from L and BX;): Me,;P-BH;, —79.9; Me;As-BH;, —49.6;
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be sufficient to account for the preference of the axial form
of Os(CO),(AsPh;) over the equatorial isomer. Experiments
are currently under way in an attempt to distinguish between
these two possible explanations for the switchover.
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A Dinuclear Platinum(II) Complex Containing a Bridging
Tridentate Triphosphorous Acid Derivative
[((Et0),PO),P(0)I"

Sir:

The reactivity of P-OR and P-Cl bonds is such that reac-
tions between triorgano phosphites or chlorophosphines and
transition-metal complexes may often cause a transformation
of the phosphorus donor ligand as well as the expected coor-
dination. Examples are the well-documented degradation of
triorgano phosphites, [P(OR);], to phosphonato ligands, P-
(O)(OR),,! and the recent transformation of trimethyl
phosphite to the unusual P(OMe),*>* and P(OMe)* ligands.
Reactions in which phosphorus(III) compounds condense and
coordinate to form diphosphito ligands are also known, for
example, in the formation of the bidentate bridging diphosphito
ligand -O,POPO,~ from the solid-state reaction of phospho-
rous acid with a platinum(II) salt.> A very recent commu-
nication® also advances evidence for the formation of higher
homologues of this ligand, but fully characterized examples
involving more than two condensed phosphorus units are un-
known. Indeed tri- and polyphosphites are very rare even in
simple phosphorus chemistry.” We now wish to report that
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Figure 1. ’Pt{'H} and *'P{'H} nuclear magnetic resonance spectra
of complex 1.

Figure 2. ORTEP plot of the molecular structure of complex 1. The
ethoxy groups on P(1) and P(2) and the ethyl groups on P(4) and
P(5) have been omitted for clarity.

in the course of studying the reactions of tetraethyl diphosphite,
[(EtO),POP(OEt),], and of chlorodiethoxyphosphine, [PCI-
(OEt),], with platinum complexes we have established the
formation of a ligand derived from the unknown tri-
phosphorous acid, [HsP;0,].

Addition of [(EtO),POP(OEt),] (0.10 mL) to a stirred
solution of trans-[Pt,Cl,(PEt,),] (0.30 g) in dichloromethane
(15 mL) at 25 °C under an atmosphere of dry nitrogen,

(7) Toy, A. D. F. In “Comprehensive Inorganic Chemistry”; Bailar, J. C.,
Emeleus, H. J., Nyholm, R., Trotman-Dickenson, A. F., Eds.; Pergamon
Press: Oxford, 1973; Vol. 2, p 475.

© 1983 American Chemical Society





