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SOLVOLYTIC HYDROPEROXIDE REARRANGEMENTS V.
A Stereoselective Synthesis of trans-Fused Butyrolactones.
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Department of Chemistry, Washington State University
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Abstract: Stereoselective rearrangement of cis-5-(4-methoxybenzyl)-spiro[5,2]-octan-4-ol
cis-1 in acidified THF-90% H,0, affords 9-oxabicyclo[6.2.1]nonyl hydroperoxides 7 and 8 which
are converted to medium-ring, keto-butyrolactones 2 and 3.

In the previous paper we have described a stereoselective rearrangement of
spiro[5,2]octan-4-0l in high strength H,0, which resulted in ring- expansion with overall
inversion of configuration at the carbinyl centerl. We report herein how this rearrangement
may be exploited in a short and efficient synthesis of keto-lactones 2 and 3. Our strategy
for lactone synthesis introduces the acetic acid residue of the lactone in masked form as a
5-alkyl group in the spiro[5,2]-octan-4-o0l, cis-1. When this side chain (which at a later
stage is oxidatively unmasked to elaborate the carboxy-methyl of the lactone) has a cis
relationship with the cyclopropyl carbinol it also serves as a conformational anchor to
maximize the amount of axial hydroxyl which is favorable for ring expansionz. For the 5-
alkyl substituent we selected the p-anisyl group which can be introduced via alkyl-ation of
spiro[5,2]octan-4-one, 4 (a ketone readily available in one step from cyclo-hexanone3), and
converted to a carboxymethyl group by oxidation. Peroxide mediated ring expansion of the
carbinol accompanied by inversion generated a trans relationship between the C-4 and C-5
groups which formed the lactone ring after ozonolysis. Since a large number of natural
systems have trans lactonic structures fused to rings of various sizes the methodology
presented herein should be quite useful.
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Alkylation of the lithium enolate (LDA, THF, 0 °C) of 4 with 4-methoxy benzyl bromide4
(excess halide, inverse addition, 0 °C, THF) afforded the monoalkyl ketone, 5, in 58% yield
after chromatography on silica gel (5% Etzo—light petroleum) (mp 41-43 °C, from pentane)s.

The oily, more mobile, dialkylated ketone (20-40%) was easily removed by this chromatography.
Reduction of 5 with L-selectride in THF at 0 °C afforded a quantitative yield of the
alcohols, cis-1 and trans-1, in an 86:14 ratio by HPLC (silica, 1% THF-CH2C12). Reduction of

5 with LiAth afforded trans-1 (mp 89-90 °C, from CH2C12-iPr20). Separation of the desired
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cis-1 from trans-1 was accomplished by low temperature recrystallization (-25 °C, pentane)
after seeding with a small amount of trans-1; oily cis-1 (97% cis by HPLC) was retained in
the mother liquors. The trans-l recovered from this separation was 98% trans by HPLC.
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The carbinol isomers were easily distinguished by !H-nmr; the carbinyl proton of cis-1
was a broadened singlet at § 2.67 and the cyclopropane protons were a broadened multiplet
centered around § 0.26. In contrast, the carbinyl proton of trans-1 appeared as a doublet of
doublets at § 3.29 (J,=8Hz, J,=5Hz), and the cyclopropanes were split into two multiplets at
§ 0.20 and § 0.58 which each integrated for two protons. The unusually high resonance of the
equatorial carbinyl proton of cis-1 is probably due to shielding by the flanking cyclopropane
ring and perhaps by the aromatic ring.
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Peroxide mediated rearrangement of cis-1 occurred readily in acidified THF-HZOZ, even at
temperatures as low as -25 °C6, to afford mixtures of sub-stitution and ring expansion
products 6-8. In a typical procedure, cis-1 (330mg, 1.34 mmole)[97% cis by HPLC] was
dissolved in THF (4 ml), cooled to 0 °C, and 90% H,0, (4 mL) was carefully added7. The
mixture was then placed in a 25 °C bath and TsOH*H,0 (25mg) was added. After 30 min the
reaction mixture was quenched with H,0 and submitted to normal aqueous workup to yield 434 mg
of crude, oily product which was chromatographed on silica gel (200g, eluted with a mixture
of 25% ether-light petroleum), and separated into three main fractions. The most mobile
fraction, 6, (TLC Rf 0.6), 67mg, was shown to be a mixture of cis and trans cyclopropyl
carbinyl hydro-peroxides by reduction to a mixture (=1:1) of cis- and trans-1. The second
fraction, 7, (TLC Rf 0.4), 37mg (9.9%), mp 90-92.5 °C (from hexane) was the cis ring
expansion product. The main fraction, 8, (TLC Rf 0.3), 293mg (79%), mp 77-78 °C (from
iPr,0), was the trans ring expansion product. The carbinyl proton of 8 was a broadened
triplet at § 4.39 (J=5Hz); for the cis isomer 7 this proton was a doublet at § 4.25 (J=9Hz).
The rearrangement of trans-l was unselective. Under the conditions above, approximately a
1:1:1 mixture of 6, 7, and 8 was obtained.

Conversion of the rearrangement products 7 and 8 to keto-lactones 2 and 3 was
accomplished by reduction of the hydroperoxy group followed by oxidative degradation of the
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aromatic ring. Hydrogenation over Pt0O, in THF occurred rapidly when the catalyst was pre-
reduced before the peroxy substrate was added. The oily reduction products 9 and 10 were
each obtained as a mixture (as shown by IR spectroscopy) of bicyclic hemiketal and hydroxy-
ketone forms. These were considerably more polar chromatographically than the parent hydro-
peroxides. The reduction products 9 and 10, obtained from 7 and 8, respectively, were not
distinguishable by TLC.
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Oxidative degradation of the crude hydroxy-ketones to the keto-lactones was accomplished
by a three stage, one-pot procedure. Exhaustive ozonolysis in CH,Cl, at room temperature
followed by decomposition of the ozonides with basic H,0, served to "burn away" the methoxy-
phenyl substituent to a carboxyl group. Upon acidification the keto-lactones were isolated
directly. Thus, saturation at -78 °C of a solution of 10 (45 mg) in CH2C12 (2 mL) with ozone
(ozonized oxygen) followed by removal of the cooling bath and continued ozonolysis at room
temperature for 2h resulted in complete reaction of the starting material. The ozonides were
decomposed by addition of 30% H202 (1 mL) and 10% ag. NaOH (1 mL); after 2h the mixture was
acidified and extracted with CHZClz, washed with aq. NaHCO3, and concentrated to afford
lactone 2 in 77% yield. After chromatography on silica gel (25% Ety0-CH,Cl,) crystalline
trans-keto-lactone, 2, mp 102-103 °C (from iPrOZ), was obtained. Similarly, the oily cis-
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We obtained X-ray confirmation of the structure of the crystalline keto-lactone 2 which
clearly showed the trans fusion of the lactone ringg.
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ORTEP plot of X-ray structure of the trans-keto-lactone 2.
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Since trans fused lactones are typically more difficult to obtain synthetically, this
simple, six step procedure constitutes a significant new route to these structures fused to
medium to large ringslo. We are currently investigating these ring-expansion lactonizations
in other ring systems.
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