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ABSTRACT

A new strategy for the synthesis of anti-4,5-disubstituted γ-butyrolactones starting from inexpensive furan-2-carboxylic methyl ester was
developed. By applying this methodology, the enantioselective synthesis of (−)-roccellaric acid ((−)-17) was accomplished using a copper(I)-
catalyzed asymmetric cyclopropanation, a tin(IV)-catalyzed retroaldol/lactonization sequence of cyclopropanols, and a ruthenium-catalyzed
intermolecular metathesis reaction as key steps.

γ-Butyrolactones can be found as important constituents in
an abundant number of natural products.1 Approaches toward
the stereoselective synthesis of this structure are therefore a
continuing challenge in organic synthesis.2 Trisubstituted
γ-butyrolactones,3 such as paraconic acids (4-carboxy-
substitutedγ-butyrolactones) have attracted considerable
interest because of their antibiotic and antitumor properties.4

Consequently, a number of syntheses have been developed
leading to these natural products either in racemic5 or

enantiopure form using starting materials from the chiral
pool,6 chiral auxiliaries,7 orsapplying catalytic asymmetric
methodologysthe Sharpless epoxidation as the key step.8

We present here a strategy for the catalytic asymmetric
synthesis ofanti-4,5-disubstitutedγ-butyrolactones2 or 3
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starting with an asymmetric cyclopropanation of inexpensive
furan-2-carboxylic methyl ester (1) and making use of Sn(IV)
or barium hydroxide catalyzed retroaldol/lactonization of
cyclopropanols. Using this methodology, a short synthesis
of (-)-17, the enantiomer of the natural occurring (+)-
roccellaric acid, was developed.

We reported recently a diastereoselective, three-step
synthesis of highly functionalized cyclopropanes (()-6.9 The
key step is the copper(I)-catalyzed cyclopropanation of1 with
methyl diazoacetate,10 which occurs regioselectively at the
lesser substituted double bond and diastereoselectively,
orienting the methyl ester onto the convex face of the bicyclic
structure in (()-4. Ozonolysis and reductive workup gives
rise to (()-5, which undergoes addition of nucleophiles,
yielding (()-6 with good to excellent Felkin-Anh11 selectiv-
ity (Scheme 1).

The cyclopropanes (()-6have several interesting char-
acteristics that should prove useful for further synthetic
transformations. The hydroxyl group at C-4, which was
created by addition of the nucleophile, is located in a
γ-position to the ester group at C-2 of the cyclopropane
moiety. Furthermore, the vicinal donor-acceptor relationship
between the hydroxy group at C-1 and the ester group at
C-2 should make ring opening of the cyclopropane feasible.12

These two features opened up the possibility to develop a

retroaldol/lactonization sequence of (()-6 to anti-4,5-disub-
stitutedγ-butyrolactones (()-2or (()-3, respectively.

To initiate the ring opening of the cyclopropane moiety
in 6 we attempted to demask the donor properties of the
acylated hydroxy group at C-1 by transesterification. Thus,
using the Sn(IV) catalyst913 resulted in the smooth formation
of (()-2, in which saponification to7 followed by ring
opening to 8, acetalization of the aldehyde group, and
lactonization all had occurred in a single step (Scheme 2,
Table 1).

Both acyclic and cyclic acetals can be obtained in the
course of this sequence, depending on the alcohol used as
solvent. While methanol in general gave the highest yields
of (()-2, the use of 1,2-ethyleneglycole to arrive at cyclic
acetals is often advantageous for reasons of stability of the
products. It is also noteworthy that ketones and alkenes are
compatible with the reaction conditions applied and do not
react with the alcohols employed as the solvents. Neverthe-
less, difficulties to provide clean lactone products were
encountered with acid-sensitive functionalities in the sub-
strates such as allylic alcohols or allylic acetates.

Alternatively, the ring opening of6 can be effected by
treatment with barium hydroxide to arrive at lactones (()-
3, having the aldehyde group available in unprotected form
for further synthetic transformations. In all cases, the
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Scheme 1

Scheme 2. Retroaldol/Lactonization Sequence of6 to (()-2
(Method A) and (()-3 (Method B), Respectivelya

a Method A: 9 (0.05 mol %), ROH. Method B: Ba(OH)2‚8H2O
(1 equiv), MeOH, 0°C. See Table 1.
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diastereomeric ratio of the cyclopropanes6 (Felkin-Anh/
anti-Felkin-Anh at C-4) and the lactones (()-2 and (()-3
(anti/syn) was identical, indicating that no epimerization
during the retroaldol/lactonization sequences occurs.

On the basis of this strategy we were able to develop a
short asymmetric synthesis of (-)-roccellaric acid ((-)-17)

(Schemes 3 and 4). The cyclopropanation of1 could be
rendered asymmetric by using the bisoxazoline (-)-1414 as
a chiral ligand; on a 40 mmol scale (-)-10 was obtained
with 91% ee, which could be raised to enantiopurity by a
single recrystallization from pentane (total yield 53%).15 It
proved to be essential to use instead of methyl diazoacetate
the corresponding ethyl ester, which improved the enantio-
selectivity of this transformation and, more important, yielded
a crystalline derivative.

Ozonolysis followed by reductive work up gave rise to
(-)-11 in diastereo- and enantiomerically pure form. Boron
trifluoride mediated addition of allyltrimethylsilane yielded
12as a 95:5 diastereomeric mixture, which was, without prior
isolation, directly transformed upon catalysis with9 to the
lactone (-)-13 (72% yield, 95:5anti/syn). The minorsyn-
diastereomer can be readily separated by chromatography;
however, for the synthesis of (-)-roccellaric acid ((-)-17)
it proved to be more convenient to remove it by recrystal-
lization at a later stage (vide infra).

Lactone (-)-13can be envisioned as an ideal precursor
to various paraconic acids. To arrive at (-)-roccellaric acid
((-)-17) the required tridecyl side chain was introduced by
a cross-metathesis reaction16 with 1-dodecene using the
Grubbs catalyst.17 When 1.5 equiv of this alkene was
employed, no homocoupling of (-)-13 was observed; the
only byproduct formed was the homocoupling product of
1-dodecene, which is readily removed by chromatography.
This way, (-)-15 was obtained in 64% yield as a 3.5:1
mixture of E/Z-isomers. The latter was of no consequence

(14) (a) Evans, D.; Peterson, G. S.; Johnson, J. S.; Barnes, D. M.;
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Table 1. Retroaldol/Lactonization Sequence of6 to (()-2
(Method A) and (()-3 (Method B), Respectively

a 9 (0.05 mol %), ROH.b Diastereomeric ratio of6, 2, and3, respectively.
c Ba(OH)2‚8H2O (1 equiv), MeOH, 0°C. d Not applicable.

Scheme 3a

a (a) (i) ethyl diazoacetate, Cu(OTf)2 (2 mol %), (-)-14 (2.5 mol
%), PhNHNH2 (2 mol %), CH2Cl2, 91% ee;(ii) recrystallization
(pentane),>99% ee, 53%. (b) (i) O3, CH2Cl2, -78 °C; (ii) dimethyl
sulfide, 94%. (c) (i) BF3‚OEt2, -78 °C; (ii) allyltrimethylsilane.
(d) 9 (0.05 mol %), 1,2-ethyleneglycol, benzene, reflux,anti/syn
95:5, 72% (two steps).

Scheme 4a

a (a) 1-dodecene (1.5 equiv), (PCy3)2RuCl2(dCHPh) (5 mol %),
64%. (b) (i) H2 (1 bar), Pd/C (5 mol %); (ii) CrO3, H2SO4; (iii)
recrystallization ethyl acetate, 85%. (c) NaHMDS (2.2 equiv), MeI
(9.6 equiv), 96%.
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since in the next step the double bond was hydrogenated in
quantitative yield using hydrogen and palladium on charcoal.
Subsequently, deprotection of the acetal function and oxida-
tion was achieved in a single transformation using Jones
reagent. After recrystallization to remove the minute amount
of the syn-epimer still present, the carboxylic acid (-)-16
was obtained as a single stereoisomer in 85% yield.

The methylation of (-)-16 was already described in the
literature to proceed in 55% yield.7c Following a protocol
used in the synthesis of phaseolinic acid,18 we were able to
improve this final step to give rise to (-)-roccellaric acid
((-)-17) in 96% yield. Furthermore, (-)-16 has also served
as a key intermediate for the synthesis of (-)-protoliches-
terinic aicd.7d

In conclusion, we have developed a new asymmetric
strategy to 4,5-anti-disubstitutedγ-butyrolactones. Their
application as precursors to paraconic acids was demonstrated
with the synthesis of roccellaric acid.
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