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Enol ester epoxides can rearrangecot@cyloxy ketones or
aldehydes under acidic conditioh$Both protic and Lewis acids
can catalyze this rearrangemérn a study of acid-catalyzed

rearrangements of enantiomerically enriched enol ester epoxides,

we found that this rearrangement operated through two distinct
pathways, one with retention of configuration and the other with
inversion (Scheme F)Competition between the two pathways

depended on the nature of the acid catalyst. The discovery that
certain Lewis acids can catalyze the rearrangement in a stereospe-

cific fashion prompted us to explore the feasibility of kinetically
resolving a racemic enol ester epoxide using a chiral Lewis acid
catalyst (Scheme 2). Herein we report our preliminary studies in
this area.

Our studies started with racemic 1-benzoyloxy-1,2-epoxycy-
clohexane 1) as a test substrate (Scheme 3). Among many chiral
Lewis acids tested, a BINOL-Ti(®©r), systen was found to be
the most promising catalyst for the envisioned resolution. Treating
epoxidel with 5 mol % [(R)-BINOL].-Ti(O'Pr), (3) in Et,O at 0
°C for 0.5 h led to a 52% conversion, as judgedbly NMR
assay of the crude reaction mixture. Analysis of the unreacted
epoxide and the rearranged product using chiral HPLC (Chiralcel
OD) revealed a 99% ee for the epoxide and an 89% ee for
2-benzoyloxycyclohexanon@) Both the recovered epoxide and
the rearranged ketone were determined to be enriched iR the
isomer, revealing that th® isomer of epoxidel had rearranged
to theR isomer of2. Therefore, the rearrangement occurred with
inversion of configuration.

Further studies showed that the ratio of ligand to metal was
important for both the reactivity and the selectivity. The best
results were obtained when 2 equiv or more of BINOL was used
per Ti. A solvent study showed thatEx and CHCI, provided
the best overall results. To test the effect of the ester group on
the reaction, a number of ester groups with different steric and
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Table 1. Kinetic Resolution of Enol Ester Epoxides Catalyzed by
[(R)-BINOL].-Ti(O'Pr)2

entry substrate time conv. recov'd epoxide product keetd
() (%P  SMee yieldt ee% (kgks)
(%) (%)
ROCO
o]
1e R=Ph 1.0 50 971 (Rym 34 90i (R)*  >100
2 R = p-CH3Ph 0.5 50 99 34 84l (R)>  >100
3 R = m-CHsPh 0.4 53h 97 36 87i 55
4 R = p-CIPh 0.5 52 99i 32 87i (R)°  >100
5 R = p-NO;Ph 2.2 49 96} 39 963 (RY*>  >100
6 R =3,5-MePh 0.6 53 99k 35 831 80
7 R = 2,6-MePh 1.7 50 99k 37 90) >100
8 R = 1-Napth 0.9 52h  ogk 33 91 91
9 R =Bu 0.6 54 97! (R)ym 22 88! (R)0 43
10 R=Me 1.2 68 83) (R)™ 48] (R)° 6
BE%)
11f o 24 51 98 33 931 >100
Bz
5/0
3.0 55 99k (Rym 33 891 (R)P 49
BzO
13 @ 6.5 54 981 (Rym 34 801 (R 50
820
148 @ 685 63 97k (Rym 32 Tk (R)P 14
B20
cdJ
15 3.0 69 99i (R)n 30 50t (R)n 12

168 163 58 54i 381 4

a All reactions were carried out with substrate (0.5 mmol) and catalyst
(5 mol %) in solvent (2 mL) at OC unless otherwise noteBlThe
conversion was determined By NMR of the crude reaction mixture
after workup.¢ Isolated yield d The relative rate was calculated using
the equatiorke = kilks = In[(1 — C)(1 — ee)}/In[(1 — C)(1 + ee)],
whereC is the conversion and ee is the percent enantiomeric excess of
the recovered starting materfal® 2.5 mol % catalyst used10 mol
% catalyst use® 20 mol % catalyst used. For entry 16, the reaction
was carried out at room temperatutdhe conversion was calculated
by applying the ee’s of the recovered starting material and the product
to the following equation: ee(SM)/ee(produet)C/(1 — C). ' Enan-
tioselectivity was determined by chiral HPLC (Chiralcel ODEnan-
tioselectivity was determined by chiral HPLC (Chiralpak ABENnan-
tioselectivity was determined by chiral HPLC (Chiralcel OJ).

! Enantioselectivity was determined B NMR shift analysis with
Eu(hfck. ™ The absolute configurations were assigned by comparing
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asymmetric epoxidatioh.” The absolute configurations were assigned
by comparing HPLC chromatograms with those of the enol ester
epoxide obtained by asymmetric epoxidafi@amd thea-benzoyloxy
ketone obtained from a stereospecific rearrangement of the chiral enol
ester epoxidé. ° The absolute configurations were determined by
comparing the measured optical rotations with those of the authentic
samples prepared from commercially availali®eR-1,2trans-cyclo-
hexanediol? The absolute configurations were assigned on the basis
of the epoxide configurations and the mechanistic deduction from the
transformations of Scheme 4The absolute configuration was deter-
mined by comparing the measured optical rotation with the reported
one?

electronic properties were investigated. As shown in Table 1
(entries +-10), good reactivity and selectivity were obtained in
all cases except for acetate (entry 10), suggesting that a wide
range of ester groups can be tolerated.
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1 CHy 50 97 90 78 93 (>99%)
ROC)(ZT LA RO% - j\(ocon 0 CHy 50 91 92 79 92(-99")
A Rz A Ra ‘ Rz 2 CHy 54 99 78 83 87 (99
racemic chiral chiral 3 CH: 63 97 71 81 82 (>99*)
1 O 51 98 93 77 97 (>99%)
SCheme 3 * the ee's after recrystallization
B2 B0 o smol% B0 o o8 ketone using a catalytic amount of a chiral Lewis acid, followed
@ R gj _{ABINOLTHORD4 ) é L0 by a catalytic amount of an achiral acfd.
E10,0°C, 05N In summary, we have shown that the kinetic resolution of
(5,91 (R,R»1 (RAM (A2

52% conv.

racemic enol ester epoxides using a chiral Lewis acid catalyst is
feasible. High resolution efficiency was obtained for a number
of cyclic systems. Both enantiomerically enriched enol ester
epoxides andt-acyloxy ketones could be obtained through this
resolution. By taking advantage of the mechanistic duality of the
acid-catalyzed enol ester epoxide rearrangement, a racemic enol
ester epoxide can be completely converted into an enantiomeri-

99% ee 89% ee

Encouraged by the result obtained for the six-membered ring
epoxides (Table 1, entries-111), we prepared and investigated
a number of other enol ester epoxides to probe their behavior
under the current catalyst conditions. As shown in Table 1, this

resolution process could be extended to five-, seven-, and elght-Cally enricheda-acyloxy ketone by sequential treatment with a

membered ring systems (Table 1, entries-12). In all these catalytic amount of a chiral Lewis acid and a catalytic amount of
cases, the recovered enol ester epoxides could be obtained Wltrén achiral acid. Future efforts will be devoted to further

h_|gh ee’s, and the pure epomdgs could be |solate_d in realsonableunderstanding the difference between cyclic and acyclic epoxides
yields. Compared to the other ring systems, “.‘? elght—memberedand searching for effective catalysts for acyclic systems.
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