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Summary

Radical amons of the dinuclear species X,C0,(CO)¢ (X; = P,, As,, RC,R')
and R, R’¢x CsC0,(CO)4 have been characterized by electrochemical and ESR
methods The frozen solution spectra could be analysed in unusual detail to
evaluate the g and hyperfine tensor components and these data allow defimtive
statements to be made about the directional nature and orbital character of the
unpaired electron density Most of the RC,R'Co,(CO)s~ radical anions decay to
monomeric paramagnetic species

Detailed descriptions of the redox properties, electronic structure and bonding
of X,Fe;(CO)s molecules (X, = bridging ligand) have been presented [1,2] and
this system 1s reasonably well understood The analogous cobalt system, where
the valence orbatals are all filled [2], 1s not so amenable to study and the
directional nature of the Co—Co bonding interaction 1is still the subject of some
controversy,1e whether 1t is a ‘straight’ or ‘bent’ interaction [1,3] This note
presents results on the new radical anions X;Co0,(CO)s~ which give significant
mformation on the nature of the orbital containing the unpaired electron, the
directional nature of the metal interact:on and the redox chemistry of
X,Co0,(CO)¢ molecules The formation of the remarkably stable ‘flyover’ radical
amons R R'sCsC0.(CO),~ 1s also desenbed

Acetylene [4], arsenic [5] and phosphorus [6] bridged dimers X, Co, (CO)s
(X, = RC3R/, As,, P,), and ‘flyover’ acetylene compounds [7] undergo a
reversible electrochemical one-electron reduction in THF to the approprate
radical amon. The reduction potentials, ranging from -0 26 to -1 01 V (vs
Ag/AgCl), are sensitive to the nature of the bridging group and the type of
bridging moiety (Table 1). A second reduction step, close to the first, was observed
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TABLE 1
REPRESENTATIVE RADICAL ANIONS
Radical anion E (& @ X
420 (mT) (mT)
Ph,C,C0,(CO)s" 081 2001 282 —
Bu,*G,Co,(CO), 101 2008 -284 —
CH,C.SiMe, Co.{CO),~ - 2012 -286 -
CF;C,51Me;C0,(CO),~ —068 2013 ~—266 —
CF,C,CF,Co.(CO),~ —0 49 2015 ~237 —
P,Co.,(CO),” -056 2007 ~280 374
As,C0,(CO)Y,” -0 52 2012 -2 81 212
(CF;)C¢Co,(CO), -026 2013 -311 —

“ys Ag/AgCl i acetone solution

for the acetylene derivatives Chemacal reductants such as sodium, sodium
naphthalenmide and ferrocenum tetrafluorcborate effect reduction to the radical
amons in good yields at —70°C The 1sotropic ESR spectra showed the expected
15 hines resulfing from hyperfine couplhing with two equivalent cobalt nucle: (I =
T/2) The central lines were noticeably asymmetric as a result of unresolved
second-order shifts [8]. In the case of the P,Co,(CO)s and As,Co0,(CO)¢
species, hyperfine coupling was observed to two equivalent phosphorus or
arsenic atoms (Table 1) [2].

ESR spectra of frozen THF solutions at —160°C of X,Co0,(CO)¢ were suf-
ficiently well-resolved to unambiguously determine the largest hyperfine tensor
component ;. In some cases other features were also resolved, which enable us
to analyse the spectra in detail {9]. The magnitude of the anmisoiropic hyperfine
tensor components (e g X, = CF,C,SiMe;, g, = 2.02,8,=2012,23,=2007,a, =
27 mT, a,=~-42mT, a; =—6.49 mT) suggests that the unpaired electron
occuples g molecular orbital largely cobalt 3d in character [10] If the Co—Co
and X—X vectors respectively define the molecular z and x axes, then under C,,,
symmetry only hinear combinations of d,z, dy; and dy:.,z orbitals are of the
required* A, and B, symmetry Since the A, orbitals are strongly bonding we
conclude that the unpaired electron 1s in a B, orbital. An orbital having 72%
dz> and 28% d, . character is required by the expernimental amsotropic param-
eters, in good agreement with the ratio denived from molecular orbital calcula-
tions on X;Fe,;(CO)s molecules {1]. With respect to the directional nature of
the Co—Co interaction the analysis of the X, = CF3C,S51Me; spectrum shows
that the major hyperfine tensor axes are oriented at o ~ +15° relative to the
Co—Co vector The 72% d,:, 28% d,, combination requires that the principal
hyperfine tensor axes be displaced from the local z and v axes on each cobalt
by 8 ~ £10° Thus, as shown 1n the diagram, the local z axes are aligned at ca
25° relative to the Co—Co vector, in good agreement with the onentation of the
axial carbonyl ligand (32° 1 the case of (CgH;),C2(CO)g) [11] and with the
angles utihized by Dahl and co-workers in their theoretical analysis of X,Fe,(CO)q
compounds [1]. The angle a« may be 1dentified with the orientation of the
bonding interaction 1 the metal—metal bond [1]

All of the ‘flyover’ radical anions, Ry R’ CcC0,(CO)s , have half-hives of at

*It1s found that two tensor components are negative and only A, and B, combinations give this result.
Orbitals of B, and A, symmetry (cobalt dxy and dyz) lead to two positive and one negative tensor.
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Fig 1 View down C—C bond axis of acetylenedicobalt _

least several hours at room temperature In contrast, the half-hife of Ph.C,Co0.(CO)¢”
1s less than 1 min at —60°C A novel feature of the chemistry of the X, Co, (CO)s ~
(X, = RC;R’) species was the rapid decay to monomernc paramagnetic species at
temperatures above —60°C except when R = R’ = CF; Typical of the ESR param-
eters are (g) = 2.058 and (a®°) = 5.22 mT for the monomer derived from .
Ph,C,Co0,(CO)s~ Reduction of RC,R'Co,(CO)s compounds 1n the presence of
phosphite or phosphine ligands accelerates the formation of monomers (which
1n this case show hyperfine coupling to phosphorus of ~(aP) = 10 9 mT) such
that RC,R'C0,(CO)¢~ species are not observed, even at ~70°C It 1s known [12]
that radical amions derived from uncoordinated alkynes slowly dimerize in THF
to produce butadiene diamions A similar process accelerated by the template
and electronic effect of the metal can be visualized for our system

Further work 1s 1n hand to extend the series of acetylene- and phosphorus-
bridged radical amions, to confirm the theoretical analysis, to establish the exact
nature of the monomeric species and to 1solate some of the more stable radical
anions )

Acknowledgements

Acknowledgement 1s made to the donors of the Petroleum Research Fund,
administered by the American Chemical Scciety, for partial support of this
research

References
1 BK Teo MB Hall R F Fenske and L F Dahl Inorg. Chem 14 (1975) 3103
2 DF Thorn and R Hoffmann, Inorg Chem , 17 (1978) 126
3 P S Braterman, Struct Bondmng (Berlin) 10 (1961) 57
4 RS Dickson and D F Fraser Advan Organometal Chem 12 (1974) 323
5 AS Foust MS Foster and L ¥ Dahl, J Amer Chem Soc, 91 (1969) 5633
6 A Viz1-Orosz G Paly: and I. Marko J Organometal Chem , 60 (1973) C25
7 R & Dickson and PJ Fraser Aust J Chem 25 (1972) 1179
8 BM Peake PH Rieger BH Robinson and J Simpson, Inorg Chem 18 (1979) 1000
9 BM Peake PH Rieger BH Robinson and J Simpson, to be pubhished

10 C E Strouse and L F Dahl Disc Faraday Soc 47 (1969) 93

11 WG Sly,J Amer Chem Soc 81 (1959) 18

12 G Levin J Jagus-Grodzinsk: and M Swarc Trans Faraday Soc 67 (1971) 768



