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Cationic norbornenyl compounds have played a prominent
role in developing the chemistry of positively-charged reactive
intermediates in organic chemistry. Extensive solvolytic, NMR,
and theoretical studies of the 7-norbornenyl cation, 1, Figure
1, and its derivatives have been conducted over a 40 year period
to evaluate the existence of nonclassical bonding in these
systems.! Despite the enormous interest in nonclassical car-
bonium ions, to date only one X-ray crystallographic study of
a 7-norbornenyl carbocation has been reported, namely, that of
2,3-dimethyl-7-phenyl-2-norbornen-7-ylium hexafluoroantimonate-
(V), 2, Figure 1.2 Few X-ray crystallographic studies have been
carried out due to the difficulty in preparing and isolating single
crystals of such species, which often require low-temperature
methods. Indeed, to our knowledge only six crystal structures
of aliphatic carbocations of any kind have been reported.® These
are all isolated with either (BCly)~, (BF4)™, (SbFe)~, or (SbyFi;)~
counterions. In each case, the halide ions are located within
2.88(2)—3.451(4) A of the cation in the solid state, distances
which are less than the sum of the van der Waals radii of carbon
and the corresponding halide.

We report here a new method to form, stabilize, and provide
structural information on carbocations exemplified by the
7-norbornadienyl system. The precursor to this chemistry, (Cs-
Mes);Sm,* was the first fully characterized tris(pentamethyl-
cyclopentadienyl) metal complex of any kind. Since such (Cs-
Mes)sM complexes were originally thought to be too sterically
crowded to exist, it was possible that (CsMes):Sm would have
a limited chemistry due to steric inhibition of reactions.
However, (CsMes):Sm is reactive and provides a product with
CO not seen with other CsMes metal compounds.
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Figure 1. Structure of the 7-norbornenyl cation, 1, and 2,3-dimethyl-
7-phenyl-2-norbornen-7-ylium hexafluoroantimonate, 2, showing one
cation and the positions of two symmetry-equivalent anions.

Figure 2. Thermal ellipsoid plot of (CsMes)Sm(0.C;Mes), 3. El-
lipsoids are shown at the 50% probability level, and hydrogen atoms
are omitted for clarity.

(CsMes)3Sm reacts in toluene with CO at 1 atm in 5 min to
form a hexane-soluble yellow compound, 3, which can be
isolated in >90% yield.> The 'H NMR spectrum of 3 in C¢Ds
contains five signals in the CsMes region (intensity ratiol5:15:
6:6:3) which are consistent with two inequivalent CsMes rings
attached to samarium and a CsMes unit of another kind. The
BC{'H} NMR spectrum displays 11 peaks and indicates that
this is a Sm(IIT) complex.® DEPT’ and decoupling experiments
reveal that five of these 11 resonances are due to methyl carbon
atoms and none of the remaining six carbon atoms are attached
to hydrogen. The 'H and !3C NMR spectra of the product of
the reaction between (CsMes);Sm and 3CO are identical to those
of 3 except for a dramatic enhancement of the peak resonating
at 165.5 ppm, which is not a methyl resonance.

Since the NMR data were not structurally definitive, an X-ray
diffraction study was attempted. Although only very small
crystals were obtainable, by using a Siemens rotating anode
system, a high-quality structure (Ry = 2.9%) was obtained® and
3 was identified as (CsMes),Sm(O,C7Mes), Figure 2. The
structure of 3 has a mirror plane which contains Sm, C(13),
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and C(16). The seven non-methyl carbon atoms of the O,C-
Me; ligand, which originate from the five ring carbon atoms of
a CsMes group and the carbon atoms of two CO molecules,
adopt a norbornadiene structure. Equation 1 shows the stoi-
chiometry involved in the formation of 3. The NMR data fit
this static structure exactly.

(CsMe,),Sm + 2CO — (CsMes),Sm(0C),(CsMey) (1)

The most unusual atorn in the O,C7Mes ligand is C(13). It
is within classical single-bonding distances of only three atoms,
and these atoms are arranged in a planar fashion around C(13).
The sum of the three C—C—C angles around C(13) is 359.8-
(1)°. No hydrogen atoms were observed on C(13) by X-ray
crystallography, and this is fully consistent with the complete
‘DEPT and !*C NMR data on the complex.

These data and other structural features of 3 indicate that
C(13) can be formally viewed as a carbocationic center (as
shown below). C(13) is not symmetrically located between the

C(19)—C(19") and C(15)—C(15") double bonds of the norbor-
nadienyl skeleton. The C(13)—C(19) distance is 1.876(4) A,
compared to a C(13)—C(15) distance of 2.406 A. This is
consistent with nonclassical carbonium ion stabilization.! Such
an interaction would be expected to lengthen C(19)—C(19"),
and this is indeed found. The C(19)—C(19’) distance is 1.426-
(4) A, compared to the 1.328(5) A distance of C(15)—C(15"),
which is normal compared to the standard value of 1.33(1) A
for a tetraalkyl-substituted double bond.® It is possible that
C(19)—C(19) is longer due to the (CsMes),SmO substituents.
However, examination of the closest structurally related orga-
nosamarium complex, (CsMes),(PhsPO)Sm(OCH=CHO)Sm-
(OPPh3)(CsMes),, 4,10 suggests that this is not the case: the
C=C double bond in 4 is 1.324(22) A.

The formal positive charge on C(13) is charge stabilized
within the molecule by an organosamarium moiety of the general
type [(CsMes),Sm(OR),]™ in which the oxygen atoms are those
furnished by CO and the two R groups are carbon atoms C(19)
and C(19"). The structural parameters around samarium (2.73-
A Sm—C(CsMes) average distance; 139.0° ring centroid—
Sm—ring centroid angle) are consistent with a formally eight-
coordinate!! trivalent samarium metallocene complex.'? The
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Table 1. Selected Bond Lengths for (CsMes),Sm(0,C:Mes), 3,
and [C7Hg(Me),Ph]*[SbFs] , 2, Aligned To Compare Analogous
Distances

3 2
C19—C19’ 1.426(4) C2—-C3 1.38(1)
C13—C19 1.876(4) C2-C7 1.86(1)
Cl13—C19y’ 1.876(4) C3-C7 1.86(1)
C13—C16 1.486(5) C7-C71 1.48(1)
C15—C15 1.328(5)
Sm-01 2.347(2)
C19-01 ' 1.293(3)
C14—C17 1.514(4)
Cl15—C18 1.494(4)
C13—Cl4 1.513(3)
Cl14—C15 1.520(3)
Cl14—C19 1.523(3)

symmetry-equivalent 2.347(2) A Sm—O bonds are within the
2.08(1)—2.39(1) A range observed for (CsMes),Sm—OR bonds
and are shorter than the 2.44(2)—2.72(2) A range of (CsMes),-
ZSm—(OR;) bonds (Z = monoanionic ligand).! However, the
Sm—O distance in 3 is in the long end of the Sm—OR bond
distance range and is longer than the analogous 2.147(10) and
2.179(10) A bond distances in 4.

The structural arrangement of 3 is suitable for delocalized
overlap of a p orbital on C(13) with the 7 orbitals of C(19) and
C(19") and the p orbitals on O(1) and O(1”). The fact that the
1.293(3) A C(19)—0(1) distance is slightly shorter than typical
C—O single bonds,'* which vary from 1.36(1) A (ArOH,
RC(0)—OR’) to 1.430(3) A (ROH, ROR), is consistent with
some delocalization in the O,C7Mes ligand. However, this C—O
distance is equivalent within error limits to the 1.319(19) and
1.352(18) A distances in 4.'°

Comparison of the crystallographic data obtained on 3 with

" that of 2,3-dimethyl-7-phenyl-2-norbornen-7-ylium hexafluo-

roantimonate(V)? (Table 1) shows that the two structures are
similar. Stabilization of the carbocation by the formally anionic
organosamarium unit apparently is quite effective, since 3 is
stable at 60 °C in Cg¢Dg for several weeks. Studies of the mode
of formation of 3, its reactivity, and the synthesis and structure
of derivatives are in progress.
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