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ABSTRACT

Enantioselective routes to functionalized, seven-, eight-, and nine-membered oxacycles that are amenable to further elaboration have been
developed. Salient features of the methodology include highly diastereoselective and regioselective transformations of an ephedrine-derived
epoxy morpholinone to functionalized precursors of the oxacycles. The ephedrine scaffold exerts remote stereocontrol in the functionalization
of the appended oxacycle.

Functionalized, heteroatom-containing rings are found in
several natural products, and simplified analogues as well
as structural motifs resembling these natural products are
interesting synthetic targets. In particular, the synthesis of
medium-sized oxacycles1 has attracted considerable attention,
and general2 as well as target-oriented3 strategies that address
the stereoselective assembly of such ring systems have been
extensively investigated in recent years. We chose to examine
the enantioselective construction of seven-, eight-, and nine-
membered oxacycles that are readily amenable to further
functionalization. Herein, we describe preliminary results
toward this objective.

The focus of our approach is the incorporation of
functional groups that can be utilized for further elaboration

of the oxacycle. We targeted unsaturated oxacycles bearing
the R-hydroxy acid functionality because the hydroxy and
carboxamide groups can be exploited for transannular
reactions and the alkene in the ring can be employed in
various addition processes.4 The precursors to the target
oxacycles are obtained from a common starting material, an
ephedrine-derived morpholine dione1,5 which is readily
prepared (85%) from commercially available (1R,2S)-
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ephedrine hydrochloride and ethyloxalyl chloride. Treatment
of 1 with ethylmagnesium chloride and dehydration of the
resulting hemiacetal cleanly generated the alkylidene mor-
pholinone 26 (95%, Scheme 1). Epoxidation of2 with

m-CPBA provided the epoxide3 (85%) as a single dia-
stereomer, which was stable to chromatography. The stereo-
chemistry of3 was established by X-ray crystallographic
analysis,7 which indicated that the epoxidation of2 had
occurred anti to the phenyl and methyl groups in the
morpholinone ring.

Epoxide3 served as the starting material for the construc-
tion of functionalized precursors to seven- and eight-
membered oxacycles. We initially explored the ring opening
of 3 with vinyl and butenyl magnesium bromide at low
temperature (-78 °C). Surprisingly, no reaction was ob-
served. Organocopper reagents were not beneficial, and
byproducts predominated when zinc chloride or BF3 etherate
was employed as a Lewis acid in these reactions. Attempted
allylation of 3 with TiCl4/allyltrimethylsilane provided the
chloroalcohol arising from epoxide ring opening with the
chloride ion at the hemiacetal carbon. The use of boron
trifluoride as the Lewis acid was beneficial, and the allylation
of 3 under these conditions proceeded with excellent dia-
stereocontrol8 (dr > 19:1, Scheme 2) at ambient temperature
to furnish the alcohol4. Etherification of4 with allyl bromide
and subsequent ring-closing metathesis9 of the diene5 with
the Grubbs(I) catalyst generated the spirooxepine6 (70%).
Dissolving metal reduction of6 generated the seven-
membered oxacycle7 as a single diastereomer.

As anticipated, epoxide3 reacted with alkoxide nucleo-
philes exclusively at the terminal carbon.10 For example,

treatment of3 with the sodium salt of 3-methyl-3-buten-1-
ol or propargyl alcohol cleanly generated the hemiacetals8
and9, respectively. Allylation of the hemiacetals provided
the diene10 and enyne11 as single diastereomers (Scheme
3). It is assumed that substitution proceeds with inversion at

the epoxide carbon. It may be noted that these ring-opening
reactions demonstrate the utility of3 as an ambivalent
electrophile and also provide a tool for inverting the
stereochemistry at the nonacetal carbon of the epoxide. Thus,
in principle, the alkoxide opening/allylation procedure can
be used to provide the diastereomer of the product obtained
by an allylation/O-alkylation reaction sequence with3. In
addition, the use of an enantiomerically pure secondary
alcohol in the epoxide opening reaction should allow for the
control of two stereocenters adjacent to the ether oxygen, a
structural motif that is found in the laurencin, obtusan, and
lauthisan classes of marine natural products.1

(6) For a synthesis of2 from ephedrine and 2-ketobutyric acid, see:
Pansare, S. V.; Ravi, R. G.; Jain, R. P. J. Org. Chem.1998,63, 4120.
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We next investigated the ring-closing metathesis reactions
of 10 and 11. Reaction of10 with the Grubbs(II) catalyst
was beneficial, and the spirooxocane12was obtained in good
yield (87%, Scheme 4). Removal of the ephedrine portion

in 12 provided13 (dr > 19:1, 94% ee). At this stage, the
utility of the carboxamide for transannular functionalization
was demonstrated by bromolactonization of13 to provide
the functionalized dioxabicyclo[5.2.1]decanone14as a single
diastereomer (Scheme 4). Although enyne metathesis of11
proceeded smoothly with the Grubbs(I) catalyst to provide
the spirooxepine15 (90%), subsequent dissolving metal
reduction generated a complex mixture of products and the
required product16 could not be detected. Presumably, the
diene functionality in15 is susceptible to dissolving metal
reduction. We are examining alternative procedures for
removing the ephedrine portion in15.

In addition to the epoxide-based routes described above,
we have also examined the utility of the alkylidene mor-
pholinone2 for the preparation of functionalized dienes. Prins
reaction11 of 2 with formaldehyde provided the spirodioxane
17 as a single diastereomer12 (Scheme 5). Treatment of17
with excess allyltrimethylsilane/BF3 etherate provided dia-
stereomerically pure bisallylation product18 (76%). Ring
closure of18 (74%) and subsequent removal of the chiral
controller provided the nine-membered oxacycle19 (89%,
99% ee, Scheme 5). The bisallylation of17 augurs well for
the employment of functionalized allylsilanes and allylmetal
reagents in the acetal opening to provide functionalized
oxonines. Also, alkylidene morpholinones related to2 with
varying substitution on the double bond undergo the Prins
reaction readily. For example, we have prepared analogues
of 17 in which the methyl group is replaced by other alkyl
or aryl groups.13 We are currently examining the allylation
reactions of these substrates.

The diene18 was also employed in the synthesis of a
functionalized eight-membered ring20 (Scheme 5). At this

stage, we decided to examine the functionalization of the
double bond in20. Dihydroxylation of20 (OsO4, NMO,
H2O/THF) followed by removal of the ephedrine portion
provided the diol21 (∼7:1 mixture of diastereomers). The
major diastereomer was assigned the shown stereochemistry
on the basis of a preferred conformation for20 (determined
by molecular modeling) in which the top face of the double
bond is shielded by the phenyl ring in the morpholinone
portion of the spirocycle. The chirality of the ephedrine can
thus be utilized not only for stereochemical control in the
morpholinone ring but also for remote stereocontrol in the
appended oxacycle. The spirooxocane20was thus converted
to the highly oxygenated oxocane21, which was isolated as
a single diastereomer (30% (two steps), Scheme 5).

In conclusion, we have developed versatile approaches to
functionalized, enantiomerically pure oxacycles. The overall
strategy is quite flexible and permits the construction of
seven-, eight-, or nine-membered oxacycles from readily
available chiral precursors, the alkylidene morpholinone2
and the epoxide3. Incorporation of unsaturation and
positioning of the ring oxygen at specific locations in the
ring are achieved by judicious choice of starting materials.
We are currently investigating the application of these
methods in the synthesis of selected naturally occurring
oxacycles and their analogues.
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