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Summary A 2n + 14 electron rule is proposed for closo 
n-vertex polyhedral heteroboranes containing one transi- 
tion-metal vertex ; nido-polyhedra of this type require 
2n + 16 electrons while closo-polyhedra with two transition 
metal vertices require 2n + 26 electrons. 

A LARGE portion of organo-transition-metal chemistry may 
be rationalized in terms of the 18-electron rule., However, 
despite the wide variety of metalloborane species which are 
known, no simple electron counting method has been 
described to cover polyhedral metalloboranes. The elec- 
tronic requirement for a closed n-vertex polyhedral metallo- 
borane may be derived as follows. A total of 2n + 2 
electrons are required for bonding within the polyhedral 
framework2 while 18 electrons are required to establish an 
‘inert-gas configuration’ for the metal. Since six electrons 
are shared3 between the metal vertex and the remaining 
polyhedral fragment, a total of 2 n  + 2 + 18 - 6 = 2n + 
14 electrons are required by the metalloborane framework. 
For example, [(n-C,H,)CoC2B,Hl1] has a total of 60 electrons, 
counting r-C,H, as a 5-electron donor, as in application of 
the 18-electron rule, and the polyhedral atoms boron, 
carbon, and cobalt as 3,4, and 9 electron donors respectively. 

After subtracting 22 electrons for exopolyhedral CH and 
BH bonds, 38 electrons remain, i.e. 2n + 14 for a 12  vertex 
polyhedron. Similar reasoning leads to a 2n + 16 electron 
rule for nido-heteroboranes with one transition-metal vertex 
while closed polyhedra with two transition metal vertices 
require 2n + 26 electrons. For commo-compounds in which 
two closo-polyhedra are fused a t  the metal atom a more 
complex situation exists. Thus the total number of 
vertices, n, of a cornmo-compound comprised of two poly- 
hedra of n, and n2 vertices respectively is given by n = n, + 
n2 - 1. The electronic requirement for polyhedral bonding 
is then 292, + 2 + 2n2 + 2 ;  inclusion of 18 electrons for the 
metal gives a total of 2n, + 2n2 + 22 electrons from which 
12 electrons shared between the metal and the remaining 
fragments must be subtracted. Restating this total in 
terms of n gives a 2n + 12 electron rule for commo-metallo- 
boranes with two closo-polyhedra. Systems with one nido- 
and one closo-polyhedron require 2n + 14 electrons while 
those with two nido-polyhedra require 2n + 16 electrons. 

The compounds [ (n-Ph,C,)PdC,B,H,,], [(Ph,P),HPtSB,- 
H,,], [ (rr-C,H,),NiCoCB,H,], [C,B,H,,-cowmo-Ni-C,B,H,,], 
and [C,B,H,,-commo-Co-C,H5N-C2B~Hlo]- as ex- 
amples of the above rules which are found to apply to the 
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majority of known metalloboranes. However, since these 
proposals incorporate the 18 electron rule exceptions may 
be expected to occur as is found for the 18 electron rule 
itself; for example one might compare [(r-C5H5),Fe]+ and 
[(r-C,H,),Fe] with [(n-C5H,) FeC,B,H,,] and [(n-C5H5) 
FeC2B,H J-. 

I n  considering the chemical reactions of a metalloborane, 
additional factors such as the formal oxidation state of the 
metal and the overall molecular charge must be taken into 
account. Metalloboranes with low molecular charges and 
metals in common formal oxidation states may be expected 
to exhibit greater chemical stability than those with high 
molecular charge or metals in unusual formal oxidation 
states. This is essentially a statement about the com- 
patibility of the metal-ligand fragment with the borane 
framework. High molecular charges relative to the parent 
borane or carborane along with unusual formal oxidation 
states for the metal are indications that the metal-ligand 
fragment itself is unable to satisfy the electronic require- 
ments of the polyhedral framework. These requirerncnts 
may be restated in terms of Wade’s comparison2 between 
{(CO),Ru} and {BH}. Using such reasoning it can be 
deduced that { (T-C~PI~)CO >, like {BH } may contribute three 

orbitals and two electrons to the polyhedral bonding, while 
{(n-C5H5)Ni}, like {CH } may contribute three orbitals and 
three electrons. Thus, one might expect {(n-C5H5)Co } and 
((n-C5H,)Ni} to replace {BH} and {CH} respectively in a 
polyhedral environment to  give stable carborane analogues. 

Use of the above proposals has already led to the dis- 
c o v e r ~ ~  of [ (n-C,H,),NiCoCB,H,] which undergoes thermal 
rearrangements like C2B,H,, and [(n-C,H,)CoC,B,H,]. 
One might also expect [(CO),-FeC,U,H,,] to be ail air- 
stable carborane analogue by comparison with the known 
[(CO),-1,2,3-FeC2B9H,,]~- which oxidizes in air. Hope- 
fully, further examination of the chemistry of the metallo- 
boranes in the context of these proposals will lead to a more 
complete understanding of the electronic requirements of 
this unique class of compounds. 

The authors thank Dr. R. J. Wiersema for helpful dis- 
cussion and the Army Research Office (Durham) for 
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A d d e d  in pyoof:  The orbitals and electrons available for 
polyhedral bonding of various metal-ligand fragments have 
been enumerated recently (D. M. P. Mingos, Nature Phys. 
Sci., 1972, 236, 99). 

(Received, 30th May 1073; Covlz. 760.) 

G. E. Coates, K. Wade, and M. L. H. Green, ‘Organometallic Compounds,’ vol. 11, Methuen, London, 1968. 
K. Wade, Chem. Comm.,  1971, 792. 
E. B. Moore, L. L. Lohr, and W. N. Lipscomb, J .  Chem. Phys., 1961, 35, 1329. 

4M. F. Hawthorne, D. C. Young, T. D. Andrews, D. V. Howe, R. L. Pilling, A. D. Pitts, M. Reintjes, L. F. Warren, and P. 
Wegner, J .  Amev.  Chew.  SOG., 1968, 90, 879; A. R. Kane, Id. J.  Guggenberger, and E. L. Muetterties, ibid., 1970,92,2571; L. F. Warren 
and M. F. Hawthorne, ibid., p. 1157; M. R. Churchill and K. Gold, J.C.S. Chem. Comzm., 1972, 901; C. J. Jones, J .  N. Francis and M. I?. 
Hawthorne, J .  Amev.  Chem. Soc., in the press. 

5 C. G. Salentine and $1. F. Hawthorne, in preparation. 
The numbering system used here is described by W. J. Evans, C. J. Jones, and hi. F. Hawthorne, Inovg. Chem., in the press. 


