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The reaction of ArPCl, (Ar = 2,4,6-But3CgH,) with Na[Co,(u,-CO),(n-CsHs),] affords the ‘open’ phosphinidene
complex, Coa(uy-PAr)(n-CsHs)2(CO),, the structure of which has been determined by X-ray crystallography.

Bimetallic phosphinidene and heavier congeneric complexes planar geometry around E whilst in the latter M—M bonding is
can be written with ‘open’ (1) or ‘closed’ (2) structures. The present and the E atom is pyramidal. The several examples of

former is distinguished by the absence of a M—M bond and a ‘open’ structures feature the sixteen-electron organometallic
R fragments Mn(CO),(n-CsHs) and M(CO)s (M = Cr, Mo,
| R W).! So far, the only example of a ‘closed’ structure is
e \EO [Fe,{u-SbCH(SiMe3),}(CO)s].2 Reasoning that the prefer-
/A ence for structure (1) or (2) might depend on the co-ordination
/ \ / \ number of M and/or the position of M in the transition series,
AN we sought to prepare other ‘closed’ phosphinidene complexes
LnM ML, LM ML, by employing potentially hexaco-ordinate fragments involving
1) (2) later transition elements.
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In a typical experiment, 4.0 mmol of ArPClL, (Ar =
2,4,6-But;CsH,)? in 40 ml of tetrahydrofuran (THF) was
added dropwise to 8.0 mmol of Na[Co,(u,-CO),(n-CsHs),]* in
200 ml of THF at —40 °C. Separation of the crude reaction
mixture by column chromatography (silica gel/n-hexane)
afforded a 9% yield of ArP=PAr3 and a 39% yield of dark blue
crystalline ArP[Co(CO)(n-CsHs)),, (3). Somewhat surpris-
ingly, an X-ray crystallographic study? established that (3)
adopts an ‘open’ structure. Within experimental error, the
geometry at phosphorus is trigonal planar and the Co---Co
separation (3.89 A) indicates that these atoms are not bonded.
Moreover, the average P-Co bond length [2.110(4) A] is
suggestive of multiple bonding.® The difference in the P-Co
bond lengths for (3) is virtually insignificant although there are
appreciable distortions of the angles at phosphorus which
resemble those for o-diphosphene (4)7 and o-phospha-alkene
(5)8 complexes.

The ER ‘inidine’ fragment is strictly isolobal with CH- but
in the ‘closed’ form, i.e. (2), one electron pair is chemically
innocent, leading to an analogy between the ER and CH,
moieties. The ‘closed’ form, (2) is thus analogous to cyclopro-
pane whilst the ‘open’ form, (1), is akin to the allyl anion.% The
ER fragment may therefore be termed ambilobal, being
isolobal with either CH- or CH, in (1) and (2) respectively.

Preliminary Extended Huckel Molecular Orbital calcu-
lations on the model compound [Fe,(CO)g(u-PH)] show that
the isolobal analogy between the ‘closed’ form and the allyl
anion is a faithful and accurate one and, moreover, that the
‘open’ form is slightly favoured in energy.

The electronic conformational preference of the d8-ML,
fragment {Fe(CO), in [Fe,(CO)g(u-PH)] and Co(CO)(n-

+ Crystal data for (3): C30H39C0,PO,, a = 10.184(3), b = 17.643(6),
¢ =8.790(5) A, « = 92.21(4), B = 114.89(3), v = 89.13(3)°, U = 1432
A3, triclinic, space group P1 (No. 2), Z = 2, D, = 1.35 g cm~3,
w(Mo-K,) = 12.3 cm~!. Data were collected on an Enraf-Nonius
CAD4-F diffractometer over the range 3.0 < 20 < 46.0° at 293K.
Corrections for Lorentz, polarisation, and absorption effects were
applied. From a total of 4278 unique measured reflections, 3972 {I >
3.00(I)] were considered observed and used to solve (Multan)’ and
refine (difference Fourier, full-matrix least-squares) the structure of
(3). All non-hydrogen atoms were refined anisotropically. Final least
squares refinement converged smoothly to give residuals R = 0.0641
and R,, = 0.0759.

The atomic co-ordinates for this work are available on request
from the Director of the Cambridge Crystallographic Data
Centre, University Chemical Laboratory, Lensfield Road, Cambridge
CB2 IEW. Any request should be accompanied by the full literature
citation for this communication.
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Figure 1. ORTEP view of (3) showing the atom numbering scheme.
Important bond lengths include P-Co(1) 2.115(4), P-Co(2) 2.105(3),
P-C(1) 1.852(13). See formula for bond angles.

CsHs) in (3)} is shown to place the axial CO ligand(s) in the
M,ER plane for the ‘open’ geometry as observed for (3).
Model building indicates, however, that this conformation is
sterically difficult for R = CH(SiMe;), and E = Sb? but
tenable for R = 2.4 ,6-But;C4H,.

This combination of electronic and steric factors seems
likely to determine the preferred geometry of these ambilobal
species. Further synthetic and theoretical studies are in
progress.

We thank the S.E.R.C., the National Science Foundation,
and the Robert A. Welch Foundation for financial support.

Received, 3rd June 1985; Com. 762

References

1 For phosphinidene complexes, see K. M. Flynn, B. D. Murray,
M. M. Olmstead, and P. P. Power, J. Am. Chem. Soc., 1983, 105,
7460; G. Huttner, H.-D. Muller, A. Frank, and H. Lorenz, Angew.
Chem., Int. Ed. Engl., 1975, 14, 705; H. Lang, L. Zsolnai, and G.
Huttner, ibid., 1983, 22, 976; G. Huttner, J. Borm, and L. Zsolnai,
J. Organomet. Chem., 1984, 263, C 33; H. Lang, G. Mohr, O.
Scheidsteger, and G. Huttner, Chem. Ber., 1985, 118, 574.

2 A. H. Cowley, N. C. Norman, and M. Pakulski, J. Am. Chem.
Soc., 1984, 106, 6844 .

3 M. Yoshifuji, I. Shima, N. Inamoto, K. Hirotsu, and T. Higuchi,
J. Am. Chem. Soc., 1981, 103, 4587, ibid., 1982, 104, 6167.

4 N. E. Schore, C. S. Llenda, and R. G. Bergman, J. Am. Chem.
Soc., 1977, 99, 1781.

5 P. Main, MULTAN 82, University of York, England, 1982.

6 A P-Co bond length of ca. 2.05 A has been taken to imply strong
multiple bond character. L. D. Hutchins, R. W. Light, and R. T.
Paine, Inorg. Chem., 1982, 21, 266.

7 A. H. Cowley, J. E. Kilduff, J. G. Lasch, N. C. Norman, M.
Pakulski, F. Ando, and T. C. Wright, J. Am. Chem. Soc., 1983,
105, 7751; Organometallics, 1984, 3, 1044.

8 T. C. Klebach, R. Lourens, F. Bickelhaupt, C. H. Stam, and
A. Van Herk, J. Organomet. Chem., 1982, 210, 211.

9 N. M. Kosti¢ and R. F. Fenske, J. Organomet. Chem., 1982, 233,
337.





