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A Rapid Entry to Highly Functionalized p-Methoxybenmates: 

Synthesis of Ammatic Portion of Milbemycin g3t 

Atul S. Kotnis 
Department of Chemistry, Rensselaer Polytechnic Institute, Troy, New York 12180-3590 

m: A wide variety of easily accessible Hagemann ‘s esters are converted to 
p-methoxybenxoates with iodine and methanol. 

Nature has an abundance of natural products containing highly substituted aromatic compounds which 

possess a wide range of biological activity. 1 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 ins&cidai activity.3 To date about 

twenty members of this family are known, the simplest being milbemycin 83 which has been synthesized several 

times.4 Except in the Williams’ approach, 4h the key precursor in all syntheses to milbemycin p3 is a highly 

functional&d p-methoxybenzoate derivative. 

Recently Smith and Kilenyi developed a novel two-step synthesis of p-hydroxybenxoates.5 Their approach 

utilizes a conjugated addition-elimination of zethyl-3-bromopropenoate to the dianions of 1,3diketones to give 

acceptable yields of 5,7dioxoheptenoates (38-W%). The latter were then transformed tophydroxybenxoates 

(57-80%) on treatment with sodium ethoxide in ethanol via a cyclizationdehydration process. 

Cur approach to the regio-contmlled synthesis of highly substituted pmethoxybenzoates involves an 

inexpensive, high-yielding synthesis from readily accessible Hagemann’s esters. 

The basis of our work is Tamura’s6 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 

10-1546 higher yields. 

Aromatization of a wide variety of readily synthesized Hagemann ‘s esters gave very high yields of 

p-methoxybenmates which are listed in Table I. The product of the last entry is identical in all respects to the 
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Table I 

Preparation of p-methoxybenzoates 

OMe 

COOEt COOEt 

OMe 

COOEt 

& G& 
COOEt 

Ph 

0 

Q-Q I 

6OOEt COOEt 

Ph 

&OEt 

OMe 

90% 

87% 

85% 

87% 

86% 



483 

same compound prepared by Smith’s5 and Barret&e groups for the lower aromatic portion of milbemycin 83.7 

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

methyl vinyl ketones and ethyl aceto-acetates using Triton-B8 or ethanolic sodium ethoxide9 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 

p-methoxybenzoic acids,5phydroxybenzoates, 10 and 4-methoxy-2-phenol11 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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. . 
General procedure for -anon. To a solution of 2 mm01 of Hagemann’s ester in 4 mL methanol was added 

4 mmol of iodine beads. The solution was refluxed under nitrogen for 30 min. and the methanol was removed j~l 

m. The residue was dissolved in benzene and the solution was washed with a saturated solution of sodium 

bicarbonate, sodium thiosulfate, 5% sodium hydroxide and water. The solution was dried over magnesium 

sulfate, and the benzene was removed in vacua to give an oily residue. Flash chromatography of the residue on 

silica gel (etber/hexane 1 S: 10) afforded the aroma&d product. 
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