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The new binary metal carbonyl O S ~ ( C O ) ~ ~  has been prepared by pyrolysis of O S ~ ( C O ) ~ ~  and shown by X-ray 
crystallography to have a planar metal skeleton. 

A fundamental aspect of metal cluster chemistry is the 
geometry or geometries that are adopted by a cluster of a 
given nuclearity and electron count. Here we describe the 
synthesis and structure of Osg(CO)18 1 a hitherto missing 
member of the pentanuclear binary carbonyls of osmium 
[Oss(C0)19f,2 and O S ~ ( C O ) ~ ~ ~  have previously been prepared 
by Lewis, Johnson and co-workers]. The structure of 1, an 
76-electron cluster, reveals it has a planar, 'raft-like' arrange- 
ment of metal atoms rather than the bent structure that had 
been assumed.2 

The reaction of O S ~ ( C O ) ~ ~ ~  and OS(CO)~S in CH2C12- 
hexane at 40 "C for 24 h afforded the known O S ~ ( C O ) ~ ~  21 in 
63% yield after chromatography. Pyrolysis of 2 in CH2C12 
contained in a sealed, evacuated flask at 50-55 "C for 3 days 
gave 1 [Scheme 1, eqns. (1) and (2)]. The cluster was isolated 
in 78% yield after chromatography and recrystallisation as 
deep-red, air-stable crystals.? 

i. 1: Satisfactory elemental analyses were obtained; mlz (FAB) 1455.6 
(vw, M+); IR (CH2C12, vlcm-l): v(C0) 2097(s), 2075(m), 2073(m), 
2046(s), 2027(m), 2002(w), 1936(w) and 1832 (w, br). 

The structure of 1 was solved by X-ray crystallography;$ a 
view of the molecule is shown in Fig. 1. As can be seen from 
Fig. 1,1 has a planar, raft-like arrangement of osmium atoms. 
It therefore resembles O S ~ ( C O ) ~ ~ [ P ( O M ~ ) ~ ] ~ ~  and 
O S ~ P ~ ~ ( C O ) ~ ~ . ~  The seven 0s-0s bond lengths in 1 range 
from 2.847(1) to 2.892(1) 8, (Fig. l ) ,  consistent with 0s-0s 
single bonds. An unusual feature of the structure of 1 is the 
presence of a bridging carbonyl [Os(2)-C(O) 2.23(3); Os(3)- 
C(0) 1.99(3) A], so that in the solid state the molecule has 
approximate C2. symmetry. 

$ Crystal data for 1: C180180~5,  M = 1455.2, triclinic, space group Pi, 
a = 8.866(2), b = 10.311(2), c = 15.527(3)A, a = 73.71(1), p = 
83.99(2), y = 71.06(1)", 2 = 2, D, = 3.751 g cm-3, scan mode w-20, 
Om,, = 23", p(Mo-Kar) = 246.78cm-1, R = 0.039 from 2454 
reflections [ I  > 2.50(1)] and 191 parameters. 

Data were collected at room temp. on an Enraf Nonius CAD-4 
diffractometer using graphite-monochromated Mo-Ka radiation; the 
data were corrected for absorption. The 0 s  atoms were located by 
direct methods and subsequent electron density difference synthesis 
revealed the remaining atoms. Atomic coordinates, thermal paramet- 
ers, and bond lengths and angles for 1 have been deposited at the 
University of Bonn, Germany. See Notice to Authors, Issue No. 1. 
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Fig. 1 The molecular structure of O S ~ ( C O ) ~ ~ .  Metal-metal bond 
lengths: Os(l)-Os(2), 2.860(1); Os(l)-Os(3), 2.860(1); Os(l)-Os(4), 

Os(5), 2.853(1); Os(3)-Os(4), 2.892(1) A. 
2.850(1); 0 ~ ( 1 ) - 0 ~ ( 5 ) ,  2.878(1); 0 ~ ( 2 ) - 0 ~ ( 3 ) ,  2.847(1); Os(2)- 

After the 0 s  atoms were refined anisotropically and all light 
atoms isotropically , the difference map revealed two extended 
peaks, one [2.3(3) e at 2.9 8, from Os(2) and Os(5) and 
the second [2.0(3) e A-31 at 2.8 8, from Os(3) and Os(4). 
Furthermore, there was greater thermal motion of all the 
equatorial carbonyl ligands compared to their axial counter- 
parts. These results are interpreted in terms of a small amount 
(<lo%) of a second form of 1 with bridging carbonyls across 
these 0s-0s bonds. In CH2C12, a solvent in which it is only 
sparingly soluble, 1 exhibits only a very weak IR absorption in 
the region expected for a bridging CO ligand. In this respect it 
therefore resembles its more famous relative Fe3(C0)12.8 

Heating of 1 in CH2C12 in a closed, evacuated flask above 
70 "C caused its conversion to O S ~ ( C O ) ~ ~  with no evidence by 
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IR spectroscopy for O S ~ ( C O ) ~ ~ .  While 0s5( pH)2(C0)16 has 
an edge-bridged tetrahedral arrangement of metal atoms,9 it 
does not necessarily follow that O S ~ ( C O ) ~ ~ ,  if it could be 
prepared, will have the same arrangement. We have shown 
that Os4(p-H)2(C0)13(PMe3) has a nonplanar butterfly confi- 
guration of osmium atoms whereas in O S ~ ( C O ) ~ ~ ( P M ~ ~ )  the 
metal atoms are essentially planar.10 

Both OS(CO)~ and O S ~ ( C O ) ~ ~  are prepared from 
oS3(co)12.4'5 The reactions shown in eqns. (1)-(3) therefore 
represent the systematic synthesis of the pentanuclear car- 
bony1 clusters of osmium, and builds on our earlier studies on 
the synthesis of the tetranuclear congeners.1l 

We thank the Natural Sciences and Engineering Research 
Council of Canada for financial support and Dr H. B. Davis 
for the preparation of Os(C0)S. 

Received, 20th August 1992; Corn. 2104506K 

References 
1 D. H. Farrar, B. F. G. Johnson, J. Lewis, J. N. Nicholls, P. R. 

Raithby and M. J. Rosales, J. Chem. SOC., Chem. Commun., 
1981, 273; J. N. Nicholls, D. H. Farrar, P. F. Jackson, B. F. G. 
Johnson and J. Lewis, J .  Chem. SOC., Dalton Trans., 1982, 1395. 

2 D. H. Farrar, B. F. G. Johnson, J. Lewis, P. R. Raithby and M. J. 
Rosales, J. Chem. Soc., Dalton Trans., 1982, 2051. 

3 C. R. Eady, B. F. G. Johnson, J. Lewis, B. E. Reichert and G. M. 
Sheldrick, J .  Chem. SOC., Chem. Commun., 1976, 271; C.  R. 
Eady, B. F. G. Johnson and J. Lewis, J. Chem. SOC., Dalton 
Trans., 1975, 2606. 

4 V. J.  Johnston, F. W. B. Einstein and R. K. Pomeroy, 
Organometallics, 1988, 7, 1867. 

5 P. Rushman, G. N. van Buuren, M. Shiralian and R. K .  Pomeroy, 
Organometallics, 1983, 2, 693. 

6 R. J. Goudsmit, B. F. G. Johnson, J. Lewis, P. R. Raithby and 
K. H. Whitmire, J .  Chem. SOC., Chem. Commun., 1982, 640. 

7 R. D. Adams, G. Chen, J.-C. Lii and W. Wu, Znorg. Chem., 1991, 
30, 1007. 

8 N. Binsted, J. Evans, G.  N. Greaves and R. J. Price, J .  Chem. 
SOC., Chem. Commun., 1987, 1330, and references cited therein. 

9 J.  J. Guy and G. M. Sheldrick, Acta Crystallogr., Sect. B ,  1978,34, 
1725. 

10 L. R. Martin, F. W. B. Einstein and R. K.  Pomeroy, Znorg. 
Chem., 1988,27, 2986. 

11 R. K. Pomeroy, J. Organomet. Chem., 1990, 383, 387. 




