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To find similarity or to search for differences, the antith- 
etical and yet complementary lines of approach to science, are 
the ways in which organoactinide chemistry has been fostered, 
being weighed against d-block transition-metal chemistry.’ 
Our extended Hiickel analysis of the nature of actinide-to- 
carbon bonds follows the dual approach. In this communi- 
cation, we concentrate our attention on the coordination of 
u-methyl and a-cyclopentadienyl groups to iron and uranium. 
The study will then lead us to think that there is nothing wrong 
with a carbonyl ligand in actinide complexes. 

Let us first examine the interaction between Cp and the 
naked Fe or U atoms, which will reveal the essence of M-Cp 
bonds.2 We focus our discussion on 3d64s04p0 Fe(I1) and 
5P6d07s07p0 U(V1) electron counts, so the charges on the 
hypothetical molecules are set to be 1+ for FeCp and 5+ for 
UCp. Figure 1 shows potential energy curves and changes in 
overlap populations as a function of the M-Cp separation, L 
or R.  The potential curve for FeCp+ finds a minimum at R 
= 1.92 A, while a shallow minimum appears at  R = 2.83 A 
in the UCp5+ curve. These are fortuitously close to the ex- 
perimentally observed distances of 2.0-2.1 A (Fe)3 and 2.7-2.8 
8, (U)4 in the actual complexes. Although we should not rely 
on the calculated energies too much because of the approxi- 
mate nature of the calculations, the good agreement encour- 
ages our qualitative analysis. 

The intriguing aspect of Figure 1 is the very small U-Cp 
overlap population. The largest value attained is merely 0.07 
at around R = 3.2 A. In the region of the observed U-Cp 
bond distances, it becomes nearly zero. This contrasts with 
the large positive overlap populations obtained for FeCp+. The 
FeCp+ curve shows that the maximum amounts to 0.69 at R 
= 2.0 A. About 90% of the overlap population comes from 
the interactions of Cp el” with Fe 3d,, (1) and 3dy, (2). For 
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UCp5+, the el”-5fx,2 and el”-5fyr2 interactions 3 and 4 are 
available in addition to 1 and 2, but neither of them is great. 
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A similar calculation for d8 FeCHr  and Pdo UCH35+ gives 
Figure 2. The FeCH< potential energy curve reproduces well 
the observed distances of 2.0-2.1 A,5 while the optimized 
U-CH3 distance is at  the longer limit of the broad range of 
observed U-R single bond distances, 2.4-2.7 The Fe- 
CH< overlap populations are again notable, but more striking, 
in view of the MCp results, are the fairly large overlap pop- 
ulations calculated for U-CH35+. Fe 3d,z, 4s, and 4p, all 
contribute to the Fe-CH3 u bond, and for UCH35+, 5f,3 (5) 
participates in the u bond as well. 
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The interesting overlap population trends are not artifacts 

of the analysis based on the naked-metal models. They persist 
as well in calculations for more realistic molecules, CpFe- 
(C0)2CH3 and CP~UCH~~’ , ’  as displayed in 6 and 7. 
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How do the results of the overlap population analysis reflect 

characteristics of actinide chemistry? The argument runs as 
follows. The root of the observed trends can be looked for in 
the nature of M-Cp and M-CH3 bonds. From the small 
U-Cp overlap populations, one may deduce that the a bond 
carries very weak covalent character, if any, while covalency 
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Figure 1. Potential energy curves (top) and M-Cp overlap populations 
(bottom) as a function of M-Cp separation for FeCp+ and UCps+. 

of the Fe-Cp bond is substantial. The lack of covalency in 
the U-Cp P bond relates to the fact that P coordinations to 
actinides have so far been limited to anionic P ligands,8a* with 
the single exception of a P-arene complex of U(III).8d A very 
difficult task will thus be a synthesis of actinide compounds 
with neutral K ligands such as olefins and dienes etc., which 
are ubiquitous among Fe as well as the other d transition-metal 
complexes. 

On the other hand, the presence of strong covalency in the 
U-CH3 u bond suggests the possibility of neutral u ligands 
on actinides. Several experimental pieces of evidence cor- 
roborate this. Coordination of T H F  has occasionally been 
found in actinide complexe~,~ and a variety of 0- and N-donor 
ligands in addition to THF are known to form adducts. These 
ligands include phosphine oxides, 1,2-dimethoxyethane, ace- 
tonitrile, amides, neutral pyrazole, 2,2’-bipyridyl, and 1 , l O -  
phenanthroline.1° Also hydrogenolysis of U(C5Me5)*R2 in 
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Figure 2. Potential energy curves (top) and M-CH3 overlap popu- 
lations (bottom) as a function of M-C distance for FeCH3- and 
UCH35+. 

the presence of excess 1,2-bis(dimethylphosphino)ethane 
(dmpe) was found to give the first well-characterized uranium 
phosphine complex, U(C5Me5)2(dmpe)H.11 

However, most attractive may be a complex with coordi- 
nation of carbon monoxide, as yet a missing compound. The 
calculations on the hypothetical molecule Cp3UC03+ (1 1) l 2  
show that the U-CO overlap population is large, 0.468, even 
larger than that of U-CH3. Facile migratory insertion of CO 
into An-C(a lk~ l ) , ’~~  An-H,13b An-NR213C (An = Th and/or 
U), and U=CHP(Ph)Me214 bonds probably starts with CO 
coordination to An. Certainly no strong P back-donation is 
expected for actinide carbonyl complexes, but we think that 
there is a good chance of making one. 
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