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A Rapid Entry to Highly Functionalized p-Methoxybenzoates:
Synthesis of Aromatic Portion of Milbemycin g3*
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: A wide variety of easily accessible Hagemann's esters are converted to
p-methoxybenzoates with iodine and methanol.

Nature has an abundance of natural products containing highly substituted aromatic compounds which
possess a wide range of biological activity.! Successful synthetic approaches to these natural products must
involve the efficient syntheses of highly substituted aryl intermediates. An important approach to highly
substituted aryl compounds involves the ortho metallated alkylations of readily available aromatic substrates.2
However, a basic limitation of this approach is a lack of convergency to such syntheses.

The milbemycins are a relatively new family of antibiotics with potent insecticidal activity.3 To date about
twenty members of this family are known, the simplest being milbemycin f3 which has been synthesized several
times.4 Except in the Williams' approach,#b the key precursor in all syntheses to milbemycin B3 is a highly
functionalized p-methoxybenzoate derivative.

Recently Smith and Kilenyi developed a novel two-step synthesis of p-hydroxybenzoates.5 Their approach
utilizes a conjugated addition-elimination of Z-ethyl-3-bromopropenoate to the dianions of 1,3-diketones to give
acceptable yields of 5,7-dioxoheptenoates (38-55%). The latter were then transformed to p-hydroxybenzoates
(57-80%) on treatment with sodium ethoxide in ethanol via a cyclization-dehydration process.

Our approach to the regio-controlled synthesis of highly substituted p-methoxybenzoates involves an
inexpensive, high-yielding synthesis from readily accessible Hagemann's esters.

The basis of our work is Tamura'sé approach to highly substituted anisoles by aromatization of
cyclohexenones using iodine and methanol at reflux. In our studies of some of Tamura's examples two
differences were observed: (a) lower reaction times (30 min instead of the earlier used 3 hours) and (b) overall
10-15% higher yields.

Aromatization of a wide variety of readily synthesized Hagemann's esters gave very high yields of
p-methoxybenzoates which are listed in Table I. The product of the last entry is identical in all respects to the
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TableI

Preparation of p-methoxybenzoates
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same compound prepared by Smith'sS and Barrett's* groups for the lower aromatic portion of milbemycin p3.7

The requisite precursors for aromatization are all prepared via a Robinson annulation between the appropriate

methyl vinyl ketones and ethyl aceto-acetates using Triton-B8 or ethanolic sodium ethoxide? in a single step in

greater than 70% yield.

The generality and brevity of this aromatization process, in addition to the high yields, makes it one of the

most efficient syntheses of p-methoxybenzoates. The aromatized products can be transformed to
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p-methoxybenzoic acids, p-hydroxybenzoates,10 and 4-methoxy-2-phenolll which is a common subunit present

in many marine natural products.12 The application of this methodology to natural products syntheses is in

progress and will be reported in the future.
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