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Olefin Epoxidation with Manganese and Iron Complexes with the
 Bispicen DerivativeN,N'-bis(2-pyridylmethyl)-
 bis(ethylacetate)-1,2-ethanediamine
 Christian R. GoldsmithAuburn University
 Department of Chemistry and Biochemistry
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Epoxides are valuable organic synthons Peracids will react directly(and slowly) with many, but not all,
 alkenes Electron-deficient olefins less reactive
 Use of a catalyst can significantly speed reaction and/or endow reactivity with regio- or stereoselectivity
 Epoxidation
 O
 O
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Manganese and iron-containing enzymes can catalyze alkene epoxidation
 Heme and binuclear iron enzymes can oxidize olefins to epoxides
 Carbonic anhydrase and cytochrome P450 reconstituted with manganese also capable of epoxidation
 Bio-inspiration
 Structure of sMMOHox active site
 From Baik, M. H. et al. Chem. Rev. 103, 2385 (2003)
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White, M. C. et al. J. Am. Chem. Soc. 123, 7194 (2001)
 Binuclear Fe(III) complex isolated, described as model for sMMO
 Oxygenates terminal olefins using H2O2 and acetic acid
 Reactions exceedingly fast (5 min)
 Previous small molecule systems- Fe
 mep
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Murphy, A. et al. J. Am. Chem. Soc. 125, 5250 (2003)
 Mn(II) compounds with mep and related ligands used for alkene oxidation with peracetic acid as terminal oxidant
 Very fast reactions (< 5 min), near quantitative yields with terminal olefins
 With other ligands, low pH hinders reactivity
 Mononuclear species hypothesized to be oxidant
 Previous small molecule systems- Mn
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Modified version of mep Synthesized in one step from easily obtainable bispicen Ester groups can potentially:◦ Prevent bimolecular degradation◦ Hinder bulkier substrates from accessing active portions
 of oxidant◦ Dock substrates with functional groups
 Ligand design
 debpn
 Also see Q. Zhang’s poster (169)!
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Reaction with Mn(ClO4)2, Fe(OTf)2, or Fe(ClO4)2 in MeCN yields [MII(debpn)(H2O)]2+ complexes in moderate amounts
 Yields: 52% (Mn), 85% (Fe) Heptacoordinate, with both
 esters binding to metal ion Both metal ions high-spin,
 as assessed by magnetic susceptibility, EPR, and 1H NMR
 Metal coordination
 Structure of [Fe(debpn)(H2O)]2+
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Upon reacting [Fe(debpn)(H2O)]2+ with peracetic acid, a green species is generated
 UV/vis resembles that of Jacobsen’s binuclear catalyst
 Peak at 755 nm (200 M-1 cm-1) Can be isolated as solid Poorly resolved crystal
 structure shows binuclear Fe(III) with bridging oxo
 Reaction of Fe(II) with peracetic acid
 0.60 mM [Fe(debpn)(H2O)]2+ in MeCN0.60 mM Fe(II) + 1.5 equiv peracetic acid FeIII O
 FeIII NN
 N N
 N
 N
 N
 N?
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In crystal structure, esters have dissociated from metal ion
 Weakly associated with metal ions in other structures
 Can these interact with functional groups on a substrate to direct epoxidation towards nearby electron-deficient alkenes?
 Pendant esters
 O
 O
 OO
 H
 O
 O
 Cl
 Hydrogen bonds Halogen bonds
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[Fe(debpn)(H2O)]2+ tested as epoxidation catalyst with three substrates: cyclooctene, 1-octene, ethyl sorbate
 [Fe(II)]o = 5.0 mM, [alkene]o = 100 mM H2O2 used as terminal oxidant, [H2O2]o = 150 mM Acetic acid present as additive, [CH3CO2H]o = 50 mM Reactions run at 0 °C in MeCN Isolated green binuclear FeIII species does not directly
 react with cyclooctene- needs to be further activated by H2O2
 Epoxidation of alkenes with iron
 CO2Et
 Ethyl sorbate1-OcteneCyclooctene
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Ethyl sorbate exclusively oxygenated at more electron-rich 4,5-alkene
 Reactions continue through 30 min- slower than mep analog
 Final yield of cyclooctene comparable to mep analog
 Yields with more electron-deficient olefins less than comparable substrates with mep-containing catalyst
 Adding 1.5 equiv more H2O2 at t = 5 min results in lower yields (20% for 1-octene)
 Adding alkene 5 min after H2O2 lowers yields (19% for cyclooctene)
 Epoxidation of alkenes with iron
 TON = 17
 TON = 8
 TON = 4
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[Mn(debpn)(H2O)]2+ tested with same substrates Commercially available peracetic acid used as terminal
 oxidant No additional acid added [Mn(II)]o = 1.0 mM, [alkene]o = 100 mM, [peracetic acid]o
 = 150 mM Reactions run at 0 °C in MeCN
 Epoxidation of alkenes with Mn
 CO2Et
 Ethyl sorbate1-OcteneCyclooctene
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Cyclooctene epoxidation: 32% (5 min), 97% (30 min)
 1-Octene epoxidation with 2.5% mol catalyst: 4% (5 min), 22% (30 min)
 No reaction with ethyl sorbate
 Mn catalyst seems more durable- plots of yield versus time almost linear
 Higher turnover numbers than with iron analog
 Epoxidation of alkenes with Mn
 TON = 97
 TON = 9
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Under preceding conditions, [Fe(debpn)(H2O)]2+ turns over 14 times, oxygenating the more electron-rich 4,5-alkene exclusively
 [Mn(debpn)(H2O)]2+ does not catalyze epoxidation of sorbic acid with commercial peracetic acid as the oxidant
 Sorbic acid behaves similarly to ethyl ester derivative
 Ester groups on debpn ligand do not direct epoxidation under these conditions, possibly due to competition between acids in reaction mixture for docking site
 Epoxidation of sorbic acid
 CO2HCO2H
 O
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Changing terminal oxidant to less acidic meta-chloroperbenzoic acid results in Mn-catalyzed oxygenation of sorbic acid (41%, 5 h)
 Two products formed, one of which is 4,5-epoxide Mass and GC retention of new product consistent with 2,3-
 epoxide New product not seen in Fe-catalyzed reactions
 Epoxidation of sorbic acid
 CO2HO
 CO2HO
 Novel product: 20% Traditional product: 80%
 Cl
 O
 O
 OH
 MCPBA
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Addition of ester groups to mep results in slower epoxidation activity for both iron and manganese complexes
 Overall activities for mep and debpn iron and catalysts comparable, likely due to greater catalyst stability
 Manganese catalysts appear to be more durable as well
 Under acidic conditions, esters do not direct oxidation towards alkenes nearest to -COOH or -Cl functional groups
 With less acidic conditions, esters can direct epoxidation, allowing more electron-deficient alkenes to be oxygenated preferentially
 Conclusions
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Personnel Qiao Zhang
 Yu “Roger” He Wenchan Jiang Dr. John Gorden (crystallography)
 Funding Auburn University American Chemical Society- Petroleum Research
 Fund
 Acknowledgements
 Also see posters 167-169 from Qiao, Roger, and Wenchan!
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