CATAlytic dioxygenation of catechol by non-heme iron(iii) complexes as a sustainable route to dimethyl adipate
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The atom-efficient, direct conversion of functionalized biomass-derived platform molecules to bulk chemicals is an important challenge in the valorization of biomass.1 Catechols constitute an interesting class of renewable platform molecules, as these functionalized aromatics may be obtained from biomass in multiple ways, including fermentation of glucose, pyrolysis of woody biomass or catalytic depolymerization of lignin. In nature, catechols are metabolized by intradiol catechol dioxygenase enzymes, to afford derivatives of cis,cis-muconic acid. Although bio-inspired non-heme iron(III) complexes have been investigated as models for this enzymatic reaction, the catalytic dioxygenation of pyrocatechol using such systems has not received much attention.2 This reaction holds considerable promise, however, as simple hydrogenation of the obtained cis,cis-muconic acid would yield adipic acid, an important bulk chemical consumed on a billion kg/year scale for the production of nylons.

Scheme 1: The dioxygenation of pyrocatechol affords O-methyl-cis,cis-muconic acid as the major product, which can be readily converted to dimethyl adipate.
Here, we report on the first chemocatalytic, selective intradiol dioxygenation of pyrocatechol using iron(III) complexes of tris(2-pyridylmethyl)amine (tpa).3 The active catalyst was readily prepared in-situ from simple iron(III) salts, tpa and a weak base. The reaction uses molecular oxygen as the oxidant and is run under moderate conditions in methanol (5 mol% Fe, 50 °C, 1 atm air). In the first step, the ring is selectively cleaved to yield a mixture of intradiol muconic acid  products with O-methyl-cis,cis-muconic acid being the major product. Optimization of reaction conditions in a semi-batch autoclave, which enabled reactions at more severe conditions (up to 80 °C and 30 bar 5vol% O2 in N2), afforded a more than ten-fold increase in turnover numbers. The muconics acids are subsequently hydrogenated over commercial hydrogenation catalysts such as Pd/C and Raney Ni. A final acid-catalyzed trans-esterification step then fully resolved the complexity of the product mixture and gave dimethyl adipate, the preferred nylon precursor, as the single end product with high selectivity.
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