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Alkylation of the Dianion of 3-Oxo-13-tetradecanolide
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Abstract: Alkylation of the dianion of 3-oxo-13-tetradecanolide(1) was carried out in high
stereoselectivity and chemical yield. The relative stereochemistry of the two distant chiral
centers were determined by chemical transformation of 2 to dibenzoates 6 and 7, whose
relative stereochemistry was determined using chiral HPLC.
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The chemistry of large carbocyclic rings continues to interest the synthetic chemist. Recently
we reported the synthesis and conformational analysis of 14-membered p-keto lactones.' In
particular the reduction of lactone 1 was highly stereoselective. We were intrigued about the
possibility of preparing the dianion? of 1 and investigating its chemistry. The dianion of
3-oxo-13-tetradecanolide (1)' was generated using slightly more than two equivalents of LDA. A
D.0O quench demonstrated that the dianion had been generated in over 95% yield. Alkylation of
dianion 1 with one equivalent of methyl iodide gave the monoalkylated product 2 in 88% isolated
yield. Chromatographic (TLC and GC), and 'H and *C NMR data suggested that the alkylation was
very stereoselective, with only one of the two possible diastereomeric products being obtained.®
However, we were unable to determine the relative stereochemistry of the two stereogenic centers

in 2 using any spectroscopic techniques.
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As a result we turned to chemical correlations to unravel this stereochemical problem. One
possibility might be a direct Baeyer-Villiger oxidation of 2, followed by hydrolysis to yield the diol.
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The Baeyer-Villiger oxidation is known to proceed with retention of stereochemistry.* However,
earlier studies on the Baeyer-Villiger oxidation of simple B-keto esters is known to give
2-hydroxy-3-keto esters, presumably by epoxidation of the enol.® Since there was no evidence for
the enolized form of the B-keto lactone 2 from its 'H NMR and IR spectra, it was decided to pursue
the possible Baeyer-Villiger oxidation of 2 and identification of the resulting diol. First we
investigated the possibility of separating and identifying the (1)- and meso-2,11-dodecanediols 4

and 5. The synthesis of these diols is shown in Scheme 1.
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Scheme 1. (a) Mg, I, Et20, 30 min; (b) propylene oxide, 18 h; (c) PhCOCI, py, 30 min.

The separation of diastereomers 4 and 5 turned out to be quite a formidable task. They were
inseparable by TLC, GC, normal-, and reverse-phase HPLC as well they could not be distinguished
by their '"H NMR, "®C NMR or IR spectra. The diols were subsequently esterified to give (+)-6 and
meso-7. However, they also were inseparable or indistinguishable by any of the above physical
techniques. Next, the attention was shifted to their separation on chiral HPLC columns, in
particular, Chiralcel OD and Chiralpak OP(+) columns. The dibenzoate esters 6 and 7 were
resolved on the Chiralpak OP(+) column into three peaks in a ratio of 1:2:1 with a retention time of
9.1, 9.9, and 10.5 minutes respectively at a flow rate of 0.6 mL/min with methanol as eluent (Figure
1). The peak areas corresponded to a 1:1 mixture of the two diastereomers. The peak at 9.9
minutes was assigned to the meso compound 7. When this mixture of diastereomers was
co-injected with the enantiomerically pure (2S,11S)-6 dibenzoate, synthesized from (S)-propylene
oxide following the same route as in Scheme 1, it was found that the peak at 9.1 min was from the
enantiomer (25,115)-6. Thus the peak at 10.5 min was assigned to (2R,11R)-6.
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Figure 1: HPLC trace of the dibenzoate esters 6 and 7 of 2,11-dodecanediol on Chiralpak OP (+)
column.

Peroxytrifluoroacetic acid® treatment of the B-keto lactone 2 gave 2,11-dodecanediol in 60%
purified yield from 2. None of the dilactone could be detected (Scheme 2), nor could any of another
diol. The diol was converted into its dibenzoate ester, and HPLC analysis showed only the peaks at
9.1 and 10.5 min due to the racemic (25%115%-6. This was confirmed by co-injection of the
dibenzoate from 2 with authentic (2S,115)-6. Hence, the relative stereochemistry of the dianion
alkylation product was determined to be (45*13S5%).
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Scheme 2:  (a) (NH2)2CO.H202, NazHPO4, (CF3C0O)20, CH:Clz, 12 h; (b) PhCOCI, py, 1 h.
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This stereoselectivity could arise from the dianion enolate with the conformation shown in 8.
Attack from the more open 3-re, 4-re face of 8 by an electrophile would produce the observed
48*,13S* stereochemistry. A MacroModel search’ using the MM2* force-field parameters
suggested that the global minimum energy conformation of the dianion did, in fact, have the

distorted [3434] conformation 8 with chelation of the metal ion possible.
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Enzymes have been used to separate symmetric meso and racemic diols where the hydroxyi
groups are separated by two or three methylene units, or a benzene ring.e These results
demonstrate that meso and racemic diols insulated by a long carbon chain can also be separated,
and the diols used in structure proof.’
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