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The structures of corner-protonated cyclopropanes such as the

norbornenyl 1) and norbornyl 2) cations were the subject of

one of the most ferocious debates in the history of physical organic
chemistry! These species, now generally accepted to be true (0C)s
nonclassical cations, boast hypervalent carbon atoms and homo-

aromatic bonding array’s® Elegant experiments have revealed

that the extent of the stabilization provided to classical cations

through interaction with nonadjacentbonds—-thereby leading

to nonclassical structuresan be modulated through conjugating

substituents that affect the electron donating ability of the
m-system in questiof.Metal complexation, however, provides

another means to alter the electronic properties of susystems.

Our laboratories have recently explored the stabilization of
benzylic cations by Cr(CQ)complexatiorf. The geometries of
such cations are consistent with significant direct coordination
of an exocyclic carboncarbon double bond with the meta&)(
The discovery of this direct CrC interaction led us to consider
the possibility that chromium might also stabilize other types of
carbocations. The effect of Cr(CO) complexation on the
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energetic effects of Cr(C@romplexation on benzonorbornenyl
cations.

The first cations to be studied were the benzannulated versions
of 1 and 2: benzonorbornenyl cation4 and 5 (Scheme 1}°
Calculations show that each of these exhibits nonclassical
behavior. In compound, the one-carbon bridge is inclined toward
the arene ring to facilitate interaction of the cationic center with
thesr-system (Figure 1). This carbon is 1.980 A from each of the
interacting aryl carbons, compared to 1.883 #yr the analogous
distance in1,'? consistent with the aromatic ring i being a
poorerz-donor than the alkene th In compound, it is primarily
the electrons of the adjacembond that interact with the positive
charge (Figure 1) The cation ha<Cs symmetry, and the two
partial single bonds i6 are each 1.681 A, compared to a distance
of 1.936 Al in the parent norbornyl catioR.313

structures and stabilities of nonclassical benzonorbornenyl cations We postulated that Cr(C@fomplexation to one face of the

4 and 5 (Scheme 1) is of particular interest. Structures of
chromium complexes oft and 5 both with and without direct
Cr—C interactions have been proposeoijt the issue of which

arene ring of4 would lead to a direct CfC interaction, while
complexation on the opposite face would not. Indeed, we found
that complexg, in which the metal is anti to the cationic center,

type of structure predominates has not yet been resolved. We nowclosely resembles the nonmetalated cadioibut complex7, in

report computations on these systems using density functional

methods (B3LYP/LANL2DZ geometry optimizations and B3LYP/
DZVP2+ single point energie$which clarify the structural and
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Figure 1. B3LYP/LANL2DZ optimized geometries of free and Cr(G@pmplexed benzonorbornenyl and indanyl cations. Selected bond lengths are in A.

which the metal is syn to the cationic center, exhibits a strong The charged carbon does not interact with the arene, as demon-
chromium-carbon interaction (2.437 A, Figure 1). In anti com- strated by relatively long €C (2.295 A) and short GtC

plex 6, the p-like orbital at the cationic carbon interacts with the distances (2.484 A), and by the rehybridization of the carbocation
m-system of the arene ring; in syn complgxowever, the p-like center (seen in the €H bond tilt).

orbital of the cation is redirected toward the Cr(G@Joiety. We Again, Cr(CO) complexation has significant energetic con-
could not locate a minimum corresponding to the syn analogue sequences. Compourikd is more stable than compourgiby
of 6 (i.e. displaying direct arenecation interactions). 4.2 kcal/mol as a result of its strong-€€ interaction. Equations

Homodesmotit® egs i and i (Scheme 1) provide insight into jjj and iv (Scheme 1) make the comparison to nonclassical cation
the effect of the Cr(CQ)group on the stabilities of these cations. 5 Equation iii is exothermic by 9.0 kcal/mol, showing that, as
Equation i is exothermic by 7.5 kcal/mol. This indicates that, in with 6, the electron-withdrawing ability of the Cr(C©noiety
6, chromium complexation anti to the cation decreases the decreases the strength of the nonclassical interaction. Equation
stabilization conferred upon the cation through nonclassical jy is also exothermic, by 4.9 kcal/mol, showing that the direct
interactions with the arene-system. The Cr(CQ)fragmentis  interaction in 10 does not compensate for the loss of the
an electron-withdrawing substituent, reducing the ability of the nonclassical stabilization ifs. Upon complexation, catiord
arene to donate electron density to the cation. In contrast, equationrequires significant geometric reorganization to enjoy through-
il is endothermic by 3.7 kcal/mol, indicating that direct interaction space stabilization by the metaL unlikavhich mere|y requires
with the metal center provides significant stabilization beyond rehybridization of the cationic carbon. In effect, compounid
that which nonclassical interactions could provide. This is also “preorganized” for chromiumcarbon interaction an8 is not.

reflected in the fact that syn complékis 15.0 kcal/mol more The effects of metal complexation should also be manifested
stable than anti comple& _ _ in the transition states for\& solvolysis of suitable cation
The essence of the comparison betwéeand 7 is captured  yr00rsors. In fact, Bly and Trahanovsky have examined the
by a consideration of the related Cr(G@pmplexed 2-indanyl solvolyses of brosylate and mesylate precursors, df, 9, and
cation 8 (Figure 1). Structures in which the cationic carbon 148y’ each of these cases, syn complexes, which allow for direct

interacts with the arena-system (as ir6), and in which the . ='interaction in the resultant cation, do indeed solvolyze faster
cationic carbon interacts directly with the metal center (ag)jn than the corresponding anti cases.

are both possible for this cation. We were unable, however, to . . . .
P f ' It is clear that Cr(CQ)complexation of nonclassical cations

locate a minimum in which the cation is stabilized by the arene h asd and5 h ianificant effect their struct d
m-system; every attempt to do so ultimately converged to such assan as signiicant €tiects on their structures an
stabilities, and the nature of these effects has now been revealed.

geometry8 (Figure 1), with a distance of 2.571 A between the T ) :
chromium and the cationic carbon. This indicates that the direct When the Cr(CQ)moiety is geometrically confined away from
the cationic center, it behaves as an inductively electron-

Cr—C interaction overwhelms the nonclassical interaction in this = . . . . i
withdrawing group, attenuating the nonclassical stabilization

system. - . X
The structures and stabilities of chromium complexes of provided by.the.aromanc ring. However, Wh.en.the ghromlum atom
benzonorbornenyl catidhare also altered by metal complexation. and the cationic cz_;\rbon are in close_ proximity, filled d-o_rbltals
on the metal can interact directly with the vacant p-orbital on

The two m-faces of cation5 are equivalent, so there is no bon. This int . hel d lant the tradi
distinction between syn and anti complexation, yet we were able carbon. This intéraction can overwhelim and suppiant the tradl-
tional nonclassical stabilization and also result in changes in

to find two distinct complexes)(and 10, Scheme 1 and Figure . >
1). Compound is simply thesz-complex between a chromium chemical reactivity.
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