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“Concern over the enantiomeric purity of pharmacall the known data could as easily be explained by a
logically active compounds has made asymmetric sygtepwise mechanism in which an intermediate four-
thesis one of the grand challenges of chemical researnlembered ring containing a Re-C bond
Two outstanding examples are the asymmatisc (metallaoxetane,d) rearranges to form the diolétb.
dihydroxylation of olefins and the asymmetri©espite enormous experimental activity, the
epoxidation of olefins. Both processes utilize higimetallaoxetane has never been directly observed ex-

valent transition meta L perimentally. Arecent

complexes as the cat: R|e review stated it enjoys

lytic agent, chiral 7 Nlomermrnsg the distinction of being

ligands to induce O o ¢ the most widely in-

asymmetry in the / Ic [+24] \ ) voked and least experi-
L

product, and can us | mentally validated in-

alkylperoxides as oxi S /Re-\-u,,o_c termediate in all of
dizing agents. Com ¢ \O’o CH o> »—c  oxidation chemistry.
plexes of early transi 1 [-3]
tion metals suchast 1@ [0 In principle, electronic
tanium, vanadium \ ) L| / structure theory pos-
and chromium prefer | sesses an advantage
gntially epoxi(_JIize ole- %\V"Re("'o\ — Cg)“V"Re"""o\C over .e.xperiment, since
fins. Ruthenium anc . —C — transition states and lo-
osmium tetroxide cal minima can be
1d [+8] le [+65]

preferentially cis studied regardless of
dihydro-xylate ole-Figure 1: Two paths proposed to be important in thaow fleeting their ex-
fins. Why? What isoxidation of ethylene by CpRe0O Theoretical energies istence in a reaction
the source of pathwagkcal/mole) are given in brackets, and strongly suppoftask might be. The

differentiation? the upper [3 + 2] cycloaddition path. impediment to such
studies is that it is ex-

The recently discovered series LRdiRely holds the tremely difficult to obtain reliable heats of formation
key to unraveling this mystery. When L = GH and activation barriers. This is especially true of reac-
epoxidation occurs. When L = permethyl cyclodons involving metal centers. We have recently dem-
pentadienyl (Cp*) a dihydroxylate is formed. When bnstrated, however, that hybrid density functional
= O? the alkene C-C bond is cleaved and an olefiheory is capable of providing the necessary thermo-
metathesis catalyst is generatéd.” chemical accuracy in the related (formalfy thetal

fluoride series. In addition, we have recently extended
An example of the complexity of the mechanistic dour capabilities in relativistic effective core potentials
lemma is shown in Figure 1. Ethylene reacts with the analytic evaluation of second derivatives of the
Cp*ReQ, (1a) forming a five-membered ring (diolate energy, thereby dramatically improving our ability to
1b). In 1933, Criegee suggested that this class of relzate transition statés.Encouraged by these devel-
tions proceeds through a concerted [3 + 2] mechanispments, A. K. Rappe’s group at Colorado State Uni-
(the upper path). In 1977, Sharpless pointed out theatsity and | have begun to study this chemistry.
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The reaction in Figure 1 was chosen for initial study the reactionAdditional support for the [3 + 2] path-
because of the availability of reliable experimental datgay is found in the measured kinetic isotope effect
with which to test the theory, and the fact that the chemhen CD, is substituted for (H,. Experiment finds
istry takes place in nonpolar solvents so that the commodification of the rate constant of 1.07 per deute-
plexities of agueous environments need not be congidim, whereas theory yields 1.09 for the upper path-
ered. Gabtehas shown that with L = Cp* the reactionvay and 1.24 for the lower. This is compelling theo-
la - 1bin benzene is slightly exothermic, the diolatetical evidence for the concerted [3 + 2] mechanism.

being bound by % 3 kcal/ 40 Y Y Y
mole. The barrier for ex Some preliminary insight
trusion of the ethylent B diolae into the questions raised
from the diolate is 28 kcal 30 4 inthe opening paragraphs
mole, which, by the prin- @ has been obtained by
ciple of microscopic g comparing the relative
reversibility, can be assc ‘=8 20 1 energies of the diolate and
ciated with areaction bai < metallaoxetane for L = Cp,
rier in the forward direc- > ;qf 1 CI, CH,, and O (Figure
tion of 23 kcal/mole. = 2). Interestingly, for L =
z CH,, the metallaoxetane is
The relative energies de 0 favored and the diolate
termined for L = Cp by the product is quite endother-
hybrid density functiona mic. Consistent with this,
method are presented -10 Cp l cl l CH3 l 02- for L = CH, no hydroxy-
brackets in Figure 1. lation product is observed

When corrected for zero- Figure 2: The relative stabilities of the di0|ateexperimentally. Instead,
point energies, the reac- and metallaoxetane as a function of the ligandith the addition of HO,,
tion is predictedo be exo-  The results for L = Cp differ slightly from that epoxidation of the ethyl-
thermic by 3 kcal/mole, in Figure 1 because they have not been correcteghe takes place. We have
in excellent agreement for zero-point motion. not yet studied the
with experiment. The epoxidation channel, but
metallaoxetane lies 8 kcal/mole above the reactardgdditional work mapping out the local minima and
The transition state for the concerted [3 + 2] pathwéwnsition states of the reacions as a function of the
lies 24 kcal/mole above the reactants, consistent witfand L may suggest further experimental investiga-
the experimental barrier of 23 kcal/mole. On the othéons and help unravel the mechanisms of partial oxi-
hand, the barrier between the metallaoxetane and dla¢ion in these extremely interesting systems.
diolate (65 kcal/mole) lies much too high to play a role
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