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Abstract: Olefins were treated with rerr-butyl perbenzoate in the presence of chiral
copper(l) triflate bisoxazoline complexes to give non-racemic allyl benzoates as
products. The yields range from 34 to 62% and the enantiomeric excesses from
30 to 81%. A model for the selectivity is proposed.

Kharasch reported the allylic oxyacylation of olefins using t-butyl perbenzoate and a catalytic amount
of copper salt in refluxing benzene.! Yields of allyl ester products are generally high and the regio-
selectivity is 9:1 for the internal secondary ester over the terminal primary isomer. After hydrolysis the
process becomes an allyl alcohol synthesis. There are two previous attempts to develop asymmetric
versions of the reaction using copper camphorate complexes as catalysts with cyclic olefins and copper salts
with amino acids.2 The selectivities were in general low with cyclohexene being the best at 30% ee
determined using optical rotations. When compared to known methods such as enone reductions? and
divinyl zinc addition to aldehydes,* allylic acyloxylation holds great potential as a non-racemic ally! alcohol
synthesis and would nicely compliment other asymmetric olefin reactions, epoxidation’ and
dihydroxylation.6

The mechanism involves reductive homolysis of the perester oxygen-oxygen bond by copper(l) to
give copper(Il) benzoate and #-butoxy radical (fig. 1).7 The t-butoxy radical abstracts an allylic hydrogen
atom to give z-butanol and an allylic radical.8 The next step is rapid addition of copper(II) to the allyl radical
to generate copper(1IT) benzoate with the bound allyl fragment.? The geometry of the olefin is maintained by
the allyl radical with internal olefins due to the high barrier to rotation (~20 kcal/mol).1% The final step of the
chain mechanism is rearrangement of the copper(Ill) intermediate to give the allylester product and the
regenerated copper(I) catalyst. The final step accounts for the regiochemistry of the product. The
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Figure 1. Mechanism of Allylic Olefin Oxidation With Cu(I) and Perester.
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copper(Il) intermediate attacks the allyl radical at the least hindered terminal position. Rearrangement then
delivers the benzoate to the internal secondary position.!! The potential for asymmetric synthesis depends
on the use of a ligand (L) that can coordinate copper(IlI) and induce the asymmetric formation of the allyl
benzoate product. Recently the use of bisoxazoline copper catalysts!2 for catalytic asymmetric
cyclopropanation!3 and aziridination!4 have been reported with high selectivities. A catalytic cycle involving
copper adding a stoichiometric reagent, increasing its oxidation state, and reacting with an olefin inspired our
efforts to apply complexes of this type to the Kharasch reaction. The results are shown below in Table 1.

Table 1. Asymmetric Allylic Oxidation.
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0.5 mmot scale. ® 'H and 13C NMR characterization. Isolated yields based on perester. ©5° C was maintained by a

refrigerator. The freezer used for -20° C. dintegxation of IH NMR(500 MHz) signal for o-protons of the benzoate with chiral
shift reagent Eu(hfc)3 and compared to spectra of the racemic compound.



The reactions were performed by slowly adding one equivalent of zerz-butyl perbenzoate, using a
polypropylene tube, to a glass vial containing a degassed (N2) acetonitrile (2 mL, benzene entries 12,14)
solution at 0 °C (RT for 12,14) with five equivalents of olefin (0.5 mmol) and five mol% of copper(l)
triflate-bisoxazoline. The reaction was allowed to proceed with stirring for five days (2 days 12,14) at the
indicated temperature. The allyl benzoate products were isolated by silica gel chromatography and the
selectivities were determined by !H NMR using Eu(hfc)s chiral shift reagent. Acetonitrile, acetic acid
mixtures were used as solvent for the reaction, according to Kochi,” and finally acetonitrile alone was found
to be the superior solvent for the reaction at lower temperatures. Selectivity for cyclopentene!S was best, at
81% ee (enantiomeric excess, 90.5:9.5 ratio) using catalyst 3 that contains the gem-dimethyloxazolines. 16
The ligand from catalyst 3 can be recovered from the reaction mixture and recycled. With cyclohexene the
highest selectivity 80% ee was obtained using 1 as catalyst.!” In this case the gem-dimethyls and phenyl in
place of tert-butyl on the ligand erode the selectivity (1 vs 3). Similar results have been recently observed
by Pfaltz with cyclohexene and cyclopentene using catalyst 1.18 The bisoxazoline ligand from 1 has not
been recovered from the reactions due to apparent decomposition. The gem-dimethyl ligands (2 and 3)
were investigated to avoid oxidation o-to oxygen on the ligand and improve catalyst stability. Cyclooctene
reacts at a much slower rate and with lower selectivities. Acyclic olefins have been found to react with good
yields in acetonitrile at low temperatures, but low selectivities (entries 12-15). Surprisingly, at higher
temperatures in benzene the selectivities are raised to 36 and 30% ee for allylbenzene and 1-octene.!®
Cyclohexene at 55 °C in benzene gave a 82% yield in one day but in only 16% ee. The ligands in all cases
were derived from (S)-amino acids and the indicated isomers were obtained as the major enantiomers, (S)-
for cyclopentene, cyclohexene, and 1-octene and (R) for allylbenzene.

A model is proposed to account for the stereoinduction in figure 2. The favored transitions states
are depicted with the allyl and benzoate ligands positioned to minimize interaction with the flanking rerr-butyl
groups the bisoxazoline ligand. The copper (II) intermediate will adopt a distorted square
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Figure 2. Selectivity Model.

geometry placing the allyl and benzoate groups above or below the plane of copper-bisoxazoline ring. The
rearrangement then delivers the benzoate to the internal position of the acyclic olefin or the distal position of
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the cyclic olefin. With cyclic olefins the initial attack of copper(II) on the allyl radical can initially produce two

diastereomeric allyl adducts. The selectivity of the reaction then arises from a preferred pathway for allyl
radical attack or equilibration of the intermediate copper (III)-allyl adducts prior to rearrangement leading to
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product. The lower selectivities for the acyclic olefins can be accounted for by the model in that an extra
degree of freedom is present allowing for rotation and attack on the opposite olefin face.

While the yields reported here are low, being based on the perester, the initial goal of finding a
selective catalyst for the reaction has been met. Efforts are in progress to increase catalyst turnover numbers,

reactivity, and extend the reaction to other useful substrates.
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