
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' (1 8). 
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) (12) 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 non~lanar. is best termed a stable silvl 
cation because it entirely lacks coordination 
to the anion. the distance to the weaklv 
coordinating ioluene is unprecedented fo; 
bonding, and the toluene lacks any of the 
geometric characteristics of a o 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 C7, has been giving chiral C60(O~04py2)2 isomers with 
described as "one of the most fascinating optical rotations up to 3700' (8). A poten- 
molecular architectures ever seen in nature" tial difficulty with C7, is one of regiochem- 
( I ) .  This chiral allotrope of carbon has been istry, C7, contains 30 types of carbon- 
isolated in racemic form as a minor compo- carbon bonds, and reaction at different 
nent of Kratschmer-Huffman soot (1. 2).  bonds could give different enantiomer dis- . .  , - 
Numerous attempts to resolve C,, into its criminations which might oppose each 0th- 
enantiomers by classical means have not er. Considering that C,, is most likely to 
been successful. Here we report the kinetic osmylate at the fusion of two six-membered 
resolution of C7, by asymmetric osmylation rings, as found for C60 (5, 6)' this still 
whereby the enantiomers of C,, are discrim- 
inated chemically, 'an optically 
active sample 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' cinchona alkaloid- 
derived ligands for the asymmetric dihy- 
droxylation of olefins (10, 11) can be used 
for the asymmetric bisosmylation of C,, 
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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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Scheme 1. Kinetic resolution of C, by asym- 
metric osmylation in the presence of chiral 
ligands L1 and L2. Recovered and regenerated 
C,, are enriched in opposite enantiomers. 
Pseudoenantiomers L1 and L2 give opposite 
enantiomers of C,,. 

leaves 15 types of six-membered ring fusions 
as potential reaction sites. 

Our results with C7, suggested that C,, 
may osmylate with some regioselectivity as 
required for effective kinetic resolution. 
Addition of Os04 to C,, occurs selectively 
at pyracylene-type positions within the 
corannulene apex (major isomer) and at the 
edge of the corannulene avex (minor iso- - . . 
mer) (7). Osmylation occurs mainly at the 
most distorted bonds (with the greatest 
local curvature) rather than at the shortest 
bonds, with the greatest bond order. C,, 
contains five distinct pyracylene-type car- 
bon-carbon bonds which repeat to form 
chrysene-shaped units (Fig. 1). An analysis 
of an ab initio calculated structure of C7, 
(12) with the program POAVl (13) 
showed that two of these bonds are partic- 
ularly distorted (Fig. 2). Bonds 1 and 5 at 
the six-membered ring fusions within the 
reactive chrysene units involve carbon at- 
oms which are vvramidalized more than . , 
those in the most reactive site of C7, (U-T 

\ / 
1 0 1 . 8 1  01.6 

3 

Flg. 2. Five symmetry-independent pyracylene- 
type carbon-carbon bonds (bold bonds num- 
bered 1 to 5) that constitute the reactive chry- 
sene-shaped units of C,,. Carbon atoms are 
labeled with their U-T interorbital angles indi- 
cating their degree of pyramidalization. 

Flg. 3. Circular dichroism 
spectra of carbon: CD 
spectrum (290 to 800 nm) of 
kinetically resolved C,, 
(from L1) after 95% conver- 
sion (negative at 573 nm) 
superimposed on the CD 
spectrum of regenerated 
C,, after 33% conversion 
(positive at 573 nm). Kineti- 
tally resolved C,, [38 x 
lo-, M in toluene, wave- 
length in nanometers, and 
be (in parentheses) in liters 
per mole per centimeter]: 
315 (sh, -11.7) 330 
(+8.91), 354 (-4.25), 394 
(sh, +29.4), 405 (+31.6), 1 ,  I I I I I 
460 (+12.6), 541 (sh, 300 400 500 600 700 800 nm 
-11.1), 573 (-18.2), 639 
(+2.55). 

interorbital angles 1 102.0°, compared to 
102.0 and 101.9" within the corannulene 
apex of C,, (14). If C,, behaves like C7, 
and preferentially reacts at sites of greatest 
local curvature, then osmylation should 
give two major isomers of C7,(Os04LJ cor- 
responding to bonds 1 and 5. Subsequent 
high-performance liquid chromatography 
(HPLC) analysis of C,,(OsO4py2) under con- 
ditions that cleanly separate the isomers of 
C,,(OsO,py,) (7) showed two major peaks. 

We isolated pure C,, from fullerene 
extract by two successive gravity column 
chromatographies on neutral alumina (15 
and 20% toluene in hexane) followed by 
HPLC on a Regis Buckyclutcher I column 
(50% toluene in hexane). Four chiral lig- 
ands that seemed the most appropriate from 
our asymmetric bisosmylations of C,, were 
screened for the kinetic resolution of C,, 
(Scheme 1). Treatment of 350-pg (15) 
samples of pure C7, with one equivalent of 
OsO, and an excess of chiral ligand in 
toluene at 0°C was followed by chromato- 
graphic separation of unreacted C7, from 
osmylated C7, [silica gel, toluene to elute 
C,,, 5% 4-tert-butylpyridine in CHC1, to 
elute C7,(0sO,L2),]. In order to compare 
recovered starting material and product ste- 
reochemistries, it was necessary to convert 
osmylated (27, back into C,,. We explored 
various reducing agents with osmylated 
C,, as a model and found that C6, could 

be quantitatively regenerated from 
C6,(Os04py,) by treatment with SnCl, in 
pyridine (Eq. 1). This technique was ap- 
plied to the present experiments. 

Excess SnCI2 
C60(OS04W2) pyridine, 250C ) C60 (100%) 

(1) 
The recovered starting materials, C,,, 

and products (C,, from the reduction of 
C,,(OsO4py2),,) showed significant optical 
activity and well-defined circular dichroism 
(CD) spectra. Phenanthrene-containing 
chiral lieands were found to be the best for 

L, 

these experiments. Pseudoenantiomers L1 
and L2 gave enantiomers of recovered C,, 
(as expected based on Sharpless' chemistry) 
(10, 1 I), and unreacted (starting material) 
and regenerated (product) C,, 'were en- 
riched in opposite enantiomers (as expected 
for a kinetic resolution), (see Scheme 1). A 
2.7-mg sample of C,, was treated with 0.9 
equivalents of OsO, and 5 equivalents of 
L1, and the starting material and products 
were analvzed after 33% conversion. The 
recovered starting material was resubjected 
to the osmylation conditions bringing the 
total conversion up to 95%. Figure 3 shows 
the CD spectrum of recovered C7, after 
95% conversion superimposed on the CD 
spectrum of regenerated C7, after 33% con- 
version. The mirror image spectra corre- 
spond to mirror image molecules. The CD 

ple) showing ' how the  'van 
der Waals surfaces curve 
away from the probable 
main reaction site with pro- 
nounced handedness. [Sur- 
faces generated from ab ini- 
tio coordinates (13).] 
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peaks at 330, 354, 405, 460, and 573 nm 
clearly correspond to the ultraviolet peaks 
of C76 at 329,354 (sh), 405, 452 (sh), and 
574 nm (16), establishing that the CD 
spectra correspond to resolved C76. The 
kinetically resolved C76 after 95% conver- 
sion showed an optical rotation [a], of 
-4000" (concentration: 0.0034, in tolu- 
ene). The starting material analyzed after 
33% conversion showed 28% of this optical 
activity. These two points in the relation- 
ship between optical activity and conver- 
sion in the kinetic resolution allowed cal- 
culation of the enantiomeric excess of the 
recovered starting material (1 7); the recov- 
ered C76 after 95% conversion is >97% 
enantiomeric excess. The maximum specif- 
ic rotation of C is estimated to be 4000 + 

76 
400" at the sodlum D-line, a value compa- 
rable with the helicenes (1 8 ) .  ~, 

The differences between the enantiomers 
of C76 are not immediately obvious from 
molecular models. However, when you con- 
strain your view to a particular type of bond, 
such as the site of greatest local curvature 
(bond 5), the differences become clearer 
(Fig. 4). This exercise has implications at 
the molecular level. Resolution techniques 
which interact with C,, molecules over their 

I U  

entire surface, such as chiral stationary- 
ohase HPLC. manifest little difference be- 
tween the enantiomers and ineffective reso- 
lution. However, resolution techniques 
which selectively operate upon a particular 
part of C76, such as regioselective asymmet- 
ric osmylation, have a much better chance 
of enantiomer discrimination. For example, 
the approach to bond 5 in Fig. 4 shows that 
the van der Waals surface curves away from 
this probable main reaction site with very 
different handedness for the two enanti- 
omers. Chiral recognition may involve dias- 
tereotopic attractive T-T interactions be- 
tween the ohenanthwl units of L1 and L2 
and these contoured fullerene surfaces (1 9, 
20). This technolow could be aoolied to the -, . . 
resolution of other chiral fullerenes. 
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Evidence from Western North America for Rapid 
Shifts in Climate During the Last Glacial Maximum 

Bruce D. Allen and Roger Y. Anderson 
The Estancia basin in southwestern United States contains evidence for strong and rapid 
pulsations in the supply of moisture brought into the region during the last ice age. The 
pulses were recorded during episodes of stream discharge that spread plumes of fresh 
water laden with quartz sand over the saline lake. The largest pulses in stream discharge 
lasted only afew decades, were organized into cycles that were spaced approximately 200 
to 250 and 2000 years apart, and were of sufficient magnitude to freshen and maintain the 
lake at its maximum recorded elevation. 

W h e n  the last great ice sheet was nearing 
collapse, high-latitude regions may have 
warmed by as much as 7°C within 40 to 50 
years (I). In Greenland, the quantity of 
dust trapped in ice and the isotopic compo- 
sition of the ice changed dramatically in 
less than 20 years (1, 2). Evidence for rapid 
shifts in climate comes from sites above 
65"N, and little is known about sudden 
changes in climate in the region that lies to 
the south of the Laurentide ice sheet. In 
this report we describe evidence for large 
and equally rapid changes in precipitation 
from pluvial Lake Estancia, central New 
Mexico, 35"N, 106"W (Fig. 1A). 

Today, the floor of Estancia basin is 
occupied by numerous playas. During the 
last glacial maximum and deglaciation, a 
greatly expanded Lake Estancia experi- 
enced two major highstands, one beginning 
-19,700 years ago and another -13,700 
years ago (Table 1). The early highstand 
formed the highest shoreline at 1890 m, at 
which time the lake had a surface area of 
1100 km2 and a water depth of 45 m. The 
high ratio of lake surface area to drainage 
area (Fig. 1B) produced large fluctuations in 
water volume and hydrochemistry as a re- 
sult of changes in precipitation and evapo- 
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ration. The absence of glaciers in the up- 
land drainage means that recharge was en- 
tirely from precipitation, direct runoff, and 
ground water, with no lag effects from 
melting ice. 

The fauna oreserved in Estancia sedi- 
ment consists largely of calcareous valves of 
ostracodes. Two species, Limnocythere sta- 
plini and Candona rawsoni, are present 
throughout most of the lake sequence. Oth- 
er species, including Cytherissa kzcustris, 
Candona caudata, and Limnocythere ceriotu- 
berosa, are restricted to narrow stratigraphic 
zones throughout the central area of the 
basin and were used to correlate between 
localities. 

By tracing lowstand strata to their shore- 
line elevation, we determined that ground- 
water discharge had maintained a minimum 
pool of -400 km2 throughout the period of 
deglaciation until -12,000 years ago. The 
continuity of centimeter-scale layers of sed- 
iment and faunal zones over distances of 
several kilometers in the area once covered 
by the permanent ~ o o l  indicates that accu- 
mulation was continuous and that the basin 
contains an uninterrupted record of climate 
variabilitv. 

Age control for changes within the gla- 
cial maximum highstand (gmh) sequence 
(-20,000 to - 15,000 years ago) is provid- 
ed by radiocarbon dates of various organic 
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