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There is much current activity exploring the interaction of 
carbon dioxide with transition-metal systems,2 stimulated in large 
measure by interest in developing carbon dioxide as a potential 
alternate carbon source for petrochemicals. This communication 
presents the preparation and structure of a CO2 complex with 
unprecedented V M-CO2 bonding and no metal-oxygen inter
actions, its relationship to some other 1:1 adducts, and its sig
nificance in the "chemicals from CO2" quest. 

The reaction of Rh2Cl2(C2H4)4
3 with 4 equiv of o-phenylene-

bis(dimethylarsine) (diars) in THF affords the golden [Rh-
(diars)2]Cl complex.4 This complex readily forms 18-electron 
species such as [Rh(diars)2(CO)]Cl. Upon pressuring an ace-
tonitrile solution of this complex to 5 psig with reagent grade 
carbon dioxide, light tan crystals of Rh(diars)2(Cl)(C02) deposit 
within hours.4 The complex displays new IR bands at 1610 (s) 
and 1210 (s) cm"1. The same (noncrystalline) adduct can be 
formed from acetone solution or diethyl ether suspension of 
[Rh(diars)2]Cl upon exposure to CO2. 

The structure of the CO2 adduct,5 as determined by single-
crystal X-ray analysis, is shown in the figure. The precursor6 

consists of a Rh(I) complexed to two diars ligands in a square-
planar arrangement and is ionic with the Rh atoms well separated 
(>7.0 A) from the chloride ions. On complexation with CO2, there 
is little change in the Rh-As framework (the average Rh-As 
distance increases 0.020 (1) A), and the resulting coordination 
about the Rh is essentially octahedral, with the tj'-bonded CO2 
ligand trans to the chloride. The resulting geometry about the 
Rh-CO2 fragment is similar to that typically found in rhodium 
acyl derivatives.7,8 In these compounds, the Rh-C distances range 
from 1.97 to 2.04 A, the Rh-C-O angles range from 112° to 125°, 
and the C-O distances range from 1.18 to 1.21 A. In the present 
17'-CO2 complex, the Rh-C(I) distance is 2.05 (2) A, the Rh-C-O 
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Figure 1. View of the RhAs4C20H32-Cl-CO2 adduct shown with 25% 
thermal ellipsoids. 

angles are each 116(1)°, and the C-O distances are 1.20 (2) and 
1.25 (2) A. In addition, these values are like those observed in 
the recently reported cobalt-potassium CO2 complex.9 Although 
in the latter the CO2 is formally ?j3 bound, the O-C-0 angle of 
132° is similar to the 126 (2)° observed here. It is interesting 
to observe that a structural determination of an TJ2 niobium CO2 
complex shows essentially the same CO2 geometry.10 In the 
present complex, the CO2, Rh, and Cl atoms are planar within 
experimental error and perpendicular to the plane of the diars 
ligands. The O-C-0 plane is rotated by 4° from an exact bi
section of the diars ligands in an orientation that minimizes the 
nonbonding repulsions with the methyl groups. This small rotation 
may be due to the intermolecular interaction of the oxygens with 
hydrogens on nearby phenyl groups. It is possible that these intra-
and intermolecular C-H-O interactions influence the V (rather 
than j)2) geometry observed here. The Rh-Cl distance, 2.635 (4) 
A, is longer than the average Rh-Cl distance (2.4) of a series of 
related structures (range 2.2-2.6 A),8 indicating a rather weak 
Rh-Cl bond here. In fact, the wide variation of these distances 
attests to the influence of steric and electronic factors on these 
values.11 Also, a substantial trans influence of the CO2 ligand 
on this bond is not unexpected. 

The counteranion in [Rh(diars)2]Cl may be replaced by other 
anions via metathesis. While the iodide forms a 1:1 CO2 adduct, 
the tetraphenylborate does not. This is consistent with the observed 
covalent halide binding in Rh(C02)(Cl)(diars)2. Of the remaining 
[ML4]X (M = Rh, Ir; L = PMe3, dmpe/2, depe/2, diars/2; X 
= Cl, I) complexes examined, all form 1:1 M-CO2 adducts,12 

displaying the characteristic strong infrared bands at ~ 1600 (vco,. 
asym) and ~1200 (yCOv sym) cm"1, indicating analogous t/1 

M-CO2 binding. 
In contrast to these TI1 M-CO2 adducts, the other structurally 

characterized CO2 complexes each contain C- and O-bound CO2. 
Ni(C02)(PCy3)2

13 and Nb(C5H4Me)2(CH2SiMe3)(CO2)
10 contain 

JJ2-C02 (1). Floriani's M[Co(salen)] complexes form 1:1 Co-CO2 

1 
adducts with Co-C bonds and strong M-O interactions (M = 
alkali metal).9 A series of carbonyl clusters containing CO2 with 
osmium atoms bonded to all three CO2 atoms have been reported,14 

as well as Beck et. al's recent /13-CO2 bridged [(CO)5Re(CO2)-
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Re(CO)4J2-
15 Unlike all these reports, this paper demonstrates 

that CO2 can be bound TJ1 to various rhodium and iridium com
plexes leaving the oxygens sterically and electronically accessible. 
This allows such chemistry as methyl cation addition (I)1 (which 

Ir(C02)(Cl)(dmpe)2 + CH3FSO3 — 
[Ir(C02CH3)(Cl)(dmpe)2]FS03 (l) 

does not occur in Floriani's system9) and Lewis acid binding (2)12c 

Ir(C02)(Cl)(dmpe)2 + B(C6H5)3 -* 
Ir(C02BPh3)(Cl)(dmpe)2 (2) 

to complexed CO2. The reaction between the iridium-carbon 
dioxide complex and methyl triflate (I)1 is consistent with a CO2 
structure with nucleophilic oxygen atoms. Preliminary theoretical 
calculations on this structure also indicate that the CO2 ligand 
has significant electronegative character16 at the oxygen atoms. 
All of these observations are consistent with the metallocarboxylate 
structure. This reaction chemistry is hopefully an important, novel 
addition to the "chemicals from CO2" quest. 
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The solid-state 13C NMR spectrum of the 2-norbornyl cation 
at 5 K provides the latest evidence for the symmetrically bridged, 
nonclassical structure.1 The ESCA spectrum,2 the 13C and 1H 
chemical shifts,3 and the perturbation isotope effects4 all suggest 

(1) Yannoni, C. S.; Macho, V.; Myhre, P. C. J. Am. Chem. Soc. 1982,104, 
7380-7381. 

(2) See: Olah, G. A. Ace. Chem. Res. 1976, 9, 40-52. Clark, D. T.; 
Chromarty, B. J.; Colling, L. J. Am. Chem. Soc, 1977, 99, 8120-8121; J. 
Chem. Soc, Chem. Commun. 1977, 276-278. Olah, G. A.; Prakash, G. K. 
S. "Abstracts of Papers", 185th National Meeting, American Chemical So
ciety, WA, March, 1983; American Chemical Society: Washington, D.C., 
1983. 

(3) Schleyer, P. v. R.; Lenoir, D.; Mison, P.; Liang, G.; Surya Prakash, 
G. K.; Olah, G. A. J. Am. Chem. Soc. 1980, 102, 683-691. Olah, G. A.; 
Surya Prakash, G. K.; Arvanaghi, M.; Anet, F. A. L. Ibid. 1982, 104, 
7105-7108. 

(4) Saunders, M.; Kates, M. R. J. Am. Chem. Soc. 1980, 102, 6867-6868; 
Ibid. 1983, 105, 3571-3573. 

Table I. Energy Differences (kcal/mol) 

2-norbornyl cations, 
C1 vs. C8 forms" 

ST0-3G 4-21P 2-norbornyl 
geom- geom- vs. 2-propyl, 

theoretical levels etries etries eq 1" 

Hartree-Fock 
4-21P +0.4 -0 .2 C -13.8 
6-31G -1 .0 -0 .8 -11.0 
4-21P+5d +0.6 -16.0 

electron correlated 
MP2/4-21P +7.9 +2.2 -23.0 
MP2/6-31G +7.5 +2.1 -20 .2 
MP2/4-21P+5d +2.4 -24.8 

" Positive values indicate the symmetrically bridged (C8) 2-nor
bornyl cation to be more stable than the partially bridged C1 form. 
b In all cases, energies for the symmetrically bridged C8 2-norbor
nyl cation were employed. c Identical with ref 13. 

that the 2-norbornyl cation has a bridged structure in stable ion 
media.5 

In the gas phase, experimental determinations by several groups6 

have shown that the secondary 2-norbornyl cation is thermody-
namically much more stable than all comparable secondary ali
phatic acyclic and cyclic cations and rivals tertiary carbocations 
in this respect.7,8 This evidence, while indirect, supports the 
nonclassical structural assignment for the 2-norbornyl cation: the 
multicenter bonding associated with the bridged structure accounts 
for the energy lowering. 

Quantitative theoretical methods provide independent means 
of determining both structures and energies. Earlier calculations 
on the 2-norbornyl cation,9"13 while notable, were not definitive 
since electron correlation corrections, known from studies of 
smaller carbocations to favor bridged structures,14 were not in
cluded explicitly. In this communication we report the results 
of our calculations including such correlation corrections. 

Using previous 4-21P13 (and in some cases STO-3G12) optim
ized geometries, we have now performed single-point calculations 
including electron correlation corrections at the second-order 
Moller-Plesset (MP2) perturbation level15 using three different 
basis sets, viz., 4-21P13, 6-31G16, and the 4-21P basis augmented 
by a set of five d-type polarization functions on each carbon.17 
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