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Crystal Structure of a Silyl Cation 
with No Coordination to Anion and 

Distant Coordination to Solvent 

Joseph B. Lambert,* Shiztiong Zhang, Charlotte L. Stern, 
John C. Huffman 

The crystal structure of a stable silyl cation, triethylsilylium, in the form of its tetrakis(pen- 
tafluorophenyl)borate salt [Et,Si+ (C,F,),B-] (Et, ethyl) shows no coordination between 
cation and anion. The closest silicon-fluorine distance is greater than 4 angstroms. A 
toluene solvent molecule is close enough to cause some deviations from planarity at the 
silicon, but the silicon-toluene distance is well beyond the sum of the silicon and carbon 
covalent radii. The toluene molecule is essentially planar and undistorted, as expected if 
little or no positive charge has been transferred from silicon to toluene. 

For  almost half a century (I) ,  chemists have 
endeavored to create a positive ion chemis- 
try for silicon (R,Si+) analogous to that of 
carbocations (R3Cf). Theory predicts that 
silyl cations are stable, even more so than 
analogous carbocations, because of the larger 
size, polarizability, and electropositivity of 
silicon (2). Moreover, such species have 
been studied thoroughly in the gas phase 
(3), and recent studies have provided evi- 
dence for their existence as reactive inter- 
mediates (4). Many reports of direct obser- 
vation of stable, long-lived silyl cations in 
condensed phase have been flawed (5) and 
continue to be controversial (6-8). 

We report the crystal structure of Et3Si+ 
(C6F5),BP, triethylsilylium tetrakis(penta- 
fluorophenyl)borate, which incorporates a 
stable silyl cation. The pervasive problem 
in the characterization of stable silvl cations 
has been separation of the cation from the 
anion (9) and from the solvent (10). We 
prepared this material in the same fashion 
as in our past solution studies (7) ,  by 
reaction of a trityl salt with a silane (Ph, 
pheny 1) 

The stronger C-H bond replaces the weak- 
er Si-H bond. Previous studies indicated 
that a variety of anions (X-) were unsuit- 
able in the solid phase because of instability 
or strong coordination: C10,-, CF3S03-, 
N3-, Ph,B-, and (m-di-CF3-C6H,),BP (7, 
9, 10). We selected (C6F5),BP because it 
showed very low coordinating ability with 
zirconium and thorium (1 1). Nuclear mag- 
netic resonance (NMR) studies in a variety 
of solvents indicated that the least coordinat- 
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ing solvents are aromatic hydrocarbons 
(1 2). Removal of the solvent left a solid 
from which we could remove the by- 
product triphenylmethane by washing it 
with hexane. We examined several organ- 
ic substituents (R) and, because of the 
stability and 29Si NMR properties of its 
salt, chose ethyl for crystallographic stud- 
ies. We recrystallized Et3Si+ (C6F,),BP 
from mixtures of hexane and toluene and 
solved the structure (1 3) (Fig. 1). 

Previously reported structures of candi- 
dates for silyl cations in the solid had silicon 
covalently bonded to perchlorate, pyridine, 
acetonitrile, or a brominated carborane (9, 
14, 15), the Si -0  or Si-N bond being 
within 0.1 A of the normal length and 
Si-Br within 0.2 A. In contrast, the anion 
and cation in the present structure are well 
separated. The closest approach is a Si-F 
distance of 4.04 A, well beyond a range of 
significant interaction. The unit cell con- 
tains two toluene molecules per silyl entity. 
The toluene molecules are essentially un- 
perturbed geometrically, indicating little 
bonding interaction with Si. A full bond 
from Si to a para C (C-4) would resemble a 
Wheland u complex (X = Et,Si, R = CH,, 
R' = H) 

R 

Crystallographic models for such species 
have been reported: for example, X = CH, 
and R,R' = pyrrolidino (16), which has an 
sp3 C-4 (L343' = 113" and L34X = 109"), 
severe aromatic C-C bond alternation (bond 
lengths: 3-4 = 1.515 A, 2-3 = 1.385 A, 
and 1-2 = 1.425 A), and considerable 
deviation of C-4 from the plane of the other 
carbons (CCCC dihedral angles: 18.5" for 
2343', 6.9" for 1234, and 6.5" for 1'123). 

In contrast, the toluene that is closest to 
silicon is essentially undistorted: the geom- 
etry at C-4 is close to sp2 (L343' = 118" 
and L34H = 120.5"). the aromatic C-C , , 

bond lengths are very similar bond lengths: 
3-4 = 1.40 A, 2-3 = 1.37 i , and 1-2 = 

1.38 A), and the ring is very close to 
planarity (largest dihedral angle 3"). In 
comparison with the true u complex, such 
structural parameters provide no support for 
significant u complexation, so that little or 
no positive charge has moved from Si to C. 
Moreover, the distance from Si to the para 
C, 2.18 A, is almost 0.35 A longer than the 
normal 1.85 A, is well outside the range 
(1.9 to 2.0 A) of "long" Si-C bonds that 
usuallv involve Si-tert-butvl. and is 0.30 A 
beyond the sum of the C' and Si covalent 
radii (1.88 A) (1 7). From the long Si-C 
distance and the absence of distortion in 
toluene, we conclude that covalent bond- 
ing between Si and a solvent C,  if present, 
is very weak. 

The vresence of the toluene molecule 
nonetheless pushes the three ethyl groups 
back slightly so that the geometry about Si is 
not planar. The average C-Si-C angle is 
114" (ranee: 112.8" to 114.9" for the six 

~ - 
angles in the crystallographically distinct 
molecules) rather than 120". Thus the pseu- 
dosymmetry around silicon is C,, rather 
than D,,, and the distance of Si from the 
plane of the three methylene C atoms is 0.4 
A. Steric and electrostatic interactions are 
important here, as the ethyl groups are 
nonequivalent and are carefully arranged to 
avoid steric interactions with each other and 
with the toluene. Because covalent bonding 
is weak or absent between Si and toluene, 
the deviations from planarity probably arise 
from a combination of steric effects, long- 
range orbital interactions, and crystal pack- 
ing forces. It is critical to realize that, in 
contrast to C,  there are no compelling elec- 
tronic forces to maintain planarity around 
Si. For carbocations and carbon radicals, 
planarity optimizes .rr conjugation with aro- 

Fig. 1. Molecular structure of triethylsilylium tetra- 
kis(pentafluorophenyI)borate, Et,Sit (C,F,),B-. 
Silyl cation, upper right; anion, left; the closer 
toluene solvent molecule, lower right. 
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matic rings and hyperconjugation with alkyl 
groups. Because conjugation and hypercon- 
jugation are much weaker for Si than for C 
(Si=C versus C=C), such effects do not 
provide the restoring forces to maintain pla- 
narity around Si that are present in C sys- 
tems. These effects have been previously 
recognized in silyl radicals. Whereas carbon 
radicals tend to be planar, analogous silyl 
radicals are nonplanar: for example, Me,Si. 
has an out-of-plane angle of about 15" (18). 
In the same manner. the silvl cation herein 
easily distorts from the plane to relieve 
external sources of strain. This distortion 
explains why the 19Si NMR chemical shift 
(6 = 92.3 in benzene) moves -90 parts per 
million (ppm) (1 2) from the position of the 
hydride (6 = 0.2) rather than the 300 ppm 
or so expected for a planar structure (8). 
Chemical shift is extremely sensitive to such 
geometrical distortions. It is possible that 
the use of T-conjugating or more bulky 
substituents could bring the geometry 
around Si closer to planarity. This structure, 
albeit nonolanar. is best termed a stable silvl 
cation because it entirely lacks coordination 
to the anion. the distance to the weaklv 
coordinating toluene is unprecedented for 
bonding, and the toluene lacks any of the 
geometric characteristics of a a complex. 
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Optically Active Carbon: 
of C,, by Asymmetr 

Kinetic Resolution 
c Osmylation 

Joel M. Hawkins* and Axel Meyer 
The chiral fullerene C,, was kinetically resolved by asymmetric osmylation providing an 
example of an optically active allotrope of a pure element. C,, recovered from the treatment 
of racemic C,, with OsO, and a chiral alkaloid ligand, showed a specific rotation [a], of 
-4000" (>97 percent enantiomeric excess) and a circular dichroism spectrum corre- 
sponding to the ultraviolet spectrum. Regenerated C,, formed by reducing the asymmet- 
rically osmylated C,, with SnCI, was enriched in the opposite enantiomer. Analysis of the 
local curvature of the C,, molecule indicated that OsO, should selectively add to 2 of the 
30 types of bonds in C,,. This regioselectivity was supported chromatographically and 
interpreted in terms of the kinetic resolution. 

T h e  double-helical fullerene C,, has been 
described as "one of the most fascinating " 
molecular architectures ever seen in nature" 
(I). This chiral allotrope of carbon has been 
isolated in racemic form as a minor compo- 
nent of Kratschmer-Huffman soot (1, 2). . .  , 

Numerous attempts to resolve C,, into its 
enantiomers by classical means have not 
been successful. Here we report the kinetic 
resolution of C,, by asymmetric osmylation 
whereby the enantiomers of C,, are discrim- 
inated chemically, producing an optically 
active sam~le of elemental carbon. 

We have shown that fullerene osmyla- 
tion is selective with respect to stoichiom- 
etry (3, 4), regiochemistry (5-7), and ste- 
reochemistry (8). The kinetic resolution of 
C,, combines all of these attributes, one 
enantiomer of the substrate reacting faster 
with an asymmetric reagent than the other 
enantiomer. The starting material becomes 
enriched in the less reactive enantiomer, 
and the reaction product corresponds to the 
more reactive enantiomer (9). We have 
shown that Sharpless' cinchdna alkaloid- 
derived ligands for the asymmetric dihy- 
droxylation of olefins (1 0, 11) can be used 
for the asymmetric bisosmylation of C,, 
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giving chiral C60(O~04pyZ)Z isomers with 
optical rotations up to 3700" (8). A poten- 
tial difficulty with C,, is one of regiochem- 
istry, C,, contains 30 types of carbon- 
carbon bonds, and reaction at different 
bonds could give different enantiomer dis- 
criminations which might oppose each oth- 
er. Considering that C,, is most likely to 
osmylate at the fusion of two six-membered 
rings, as found for C60 (5, 6), this still 

Fig. 1. Representation of C,, showing the five 
symmetry-independent pyracylene-type car- 
bon-carbon bonds (bold bonds numbered 1 to 
5) which combine to give reactive chrysene- 
shaped units (shaded). Five-membered rings 
are blackened. 
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