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Abstract: Organomercurials 2a-c¢, obtained by the regioselective, Hg(I)-mediated
cleavage of cyclopropyl alcohols la-¢, are converted into the corresponding
5-membered cis-annulated lactones 3a-c via the Pd(II)-catalyzed carbonylation in the
presence of p-benzoquinone. Isomeric, trans-fused lactones can be synthesized in a
similar way (6 — 7). The carbonylation occurs under an atmospheric pressure of CO.

The five-membered lactone, annulated to another ring in a cis- or trans-fashion, is a typical
structural motif encountered in a number of natural products.! Whereas the stereoselective synthesis of
cis-lactones is usually accomplished via halolactonization and related reactions,? trans-isomers are more
difficult to obtain.? The frequent requirement for the presence of another substituent in a stereo-defined
position may present additional synthetic problems. Herein, we wish to report on a versatile method for
the stereoselective construction of either cis- or trans-annulated S-membered lactones with three adjacent
chiral centers on the parent ring.

Recently, we have reported on the stereoselective “corner" opening of cyclopropane rings
with mercury(I)*3 and thallium(IIT)® reagents. Whereas the resulting organothallium species are unstable
and immediately undergo subsequent in situ reactions,® the corresponding organomercurials can be
isolated and handled as stable compounds.*>7 Thus, the cis-cyclopropyl alcohols 1a-c, obtained via the
stereoselective  Simmons-Smith cyclopropanation of the corresponding allylic alcohols, are
regioselectively opened with (CF;CO,),Hg in MeOH>® to give, after quenching with aq. NaCl, the
organomercurials 2a-c as the sole (2a and 2b) or major (2¢) products (Scheme 1).3

Carbonylation!® of 2a under an atmosphere of carbon monoxide was first explored in the
presence of stoichiometric quantities of palladium(Il) salts, namely (AcO),Pd, (CF;CO,),Pd, PdCl,,
(Ph3P),PdCl,, or (MeCN),PdCl,.!! The latter complex was the most promising one, mediating an
essentially quantitative conversion of 2a into the lactone 3a (rt, 24 h);!2 it has, therefore, been selected
for the development of a catalytic cycle.
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Since Pd(I) is converted into Pd(0) in the carbonylation reaction, a successful catalytic cycle
would require that an efficient oxidant be employed in a stoichiometric amount. Among mild oxidants
that are known to serve this purpose, copper(ll) salts seem to play a prominent role, as documented by
their successful use in methoxycarbonylation reactions.!%!3 However, after numerous experiments, we
found p-benzoquinone to be superior to CuCl,, (AcO),Cu, or Cu(NO;), with our system.!* Thus, on
heating at 60 °C with (MeCN),PdCl, (10 mol%) and p-benzoquinone (2.0 equiv) in THF under an
atmosphere of CO for 4 days, the organomercurial 2a has been almost quantitatively converted into the
lactone 3a as an essentially pure product in 60% isolated yield.!>'¢ Similarly, organomercurials 2b and
2¢ showed practically quantitative conversions, affording the respective lactones 3b (59%) and 3¢ (52%).

Scheme 1: a,n=1;b,n=2; ¢,n=0; p-BQ = p-benzoquinone
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The isomeric organomercurials required for the synthesis of trans-fused lactones were
prepared as follows. The cyclopropyl alcohol 1a was first protected by methylation (Mel, NaH, THF, 40
°C, 1 h) and the resulting methyl ether 4a (69%) was treated with (AcO),Hg in AcOH (60 °C, 2 h),
followed by quenching with ag. NaCl (Scheme 2). The chloromercurio acetate Sa thus obtained was then
hydrolyzed (NaOH, MeOH, rt) to furnish the chloromercurio aicohol 6a. Note that, in contrast to Scheme
1, where (CF;CO,),Hg in MeOH was used to introduce the MeO group, it was now the acetate anion that
served as a nucleophile in the cyclopropane ring-opening;!” this reversal of reactivity enabled us to
eventually prepare 6a with the desired frans-configuration. The seven-membered ring analogue 6b was
prepared from 1b via 4b in a similar manner. The two organomercurials 6a and 6b have been converted
into the trans-lactones 7a (63%)'® and 7b (58%), respectively, under the same conditions used for their
cis coumerpans.19 Thus, these experiments have demonstrated that even the trans-fused lactones can be
synthesized using this methodology.

Scheme 2: p-BQ = p-benzoquinone
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In summary: We have developed an efficient method for the annulation of 5-membered
lactone rings, in which three consecutive chiral centers are introduced. The method relies on the cleavage
of an annulated cyclopropane ring with Hg(II) (1 — 2 and 4 — 5), followed by the Pd(II)-catalyzed
carbonylation (2 — 3 and 6 — 7), and works with comparable efficiency for the construction of either
cis- or trans-fused lactone rings (5 or 7). The choice of the Hg(II) reagent, in conjunction with selective

protection, controls the final stereochemistry of the lactone annulation.
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All yields refer to isolated (preparative) yields of the often volatile compounds. The genuine
yields (e.g., the "GC yields") were, in most cases, much higher.

Typical experiment: In a 10 mL flask, fitted with a condenser connected to a balloon containing
carbon monoxide, was stirred a solution of the organomercurial 2a’ (200 mg; 0.52 mmol),
p-benzoquinone (113 mg; 1.0 mmol), and (CH;CN),PdCl, (13 mg; 0.052 mmol) in THF (3 mL)
at 60 °C for 4 days. The reaction was then quenched with sodium dithionite, the product was
taken up into ether, and the ethereal solution was successively washed with water, 5% agueous
HCI (3x), water, 5% aqueous KHCO; (3x), and water, and dried with Na,SO,. The solvent was
evaporated and the residue was chromatographed on silica gel (21 g) with a petroleum
ether-acetone mixture (98:2) to give the pure lactone 3a (54 mg; 60%): 'H NMR & 1.04 (m, | H),
1.27-1.65 (m, 3 H), 2.00 (m, 2 H), 2.13 (m, 1 H), 2.47 (dd, 1 H, J = 15.5 and 7.8 Hz, CH,-CO,),
2.56 (dd, 1 H, J = 17.5 and 6.0 Hz, CH,’-CO,), 2.93 (ddd, 1 H, J = 10.6, 9.1, and 3.8 Hz,
CH-OCH3), 3.26 (s, 3 H, CH;0), 4.60 (dd, 1 H, J = 7.0 and 3.5 Hz, CH-OCO); '3C NMR & 18.5
(1), 27.6 (1), 27.8 (1), 36.1 (1), 42.3 (d), 57.0 (q), 79.7 (d), 80.5 (d), 177.5; IR v 1772 cm’'; HRMS
m/z (%) 170 (M**, 14).

Note, that the less reactive (AcO),Hg required higher temperature than did the more electrophilic®
(CF;C0,),Hg.

7a: IR v(C=0) 1777 cm™!; 13C NMR & 176.9 ppm.

The five-membered derivative 1e gives a 2:1 mixture of regioisomers on the cyclopropane

cleavage.’ Therefore, it was omitted in the frans series.
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