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A- Electroge&tatad and ngeneratad ailver(III)oxo bia(23’-bipyridine) and similar complexes can act as 

redox catalysts for the indirect electrochemical epoxidation of electmn-deficient oletins in aqueous ace&m&rile. 

Thus, isobutyl methacryMe is electmlyaed to form ‘the epoxide with 87% material yield and 21% current yield 

The epoxidation of alkenes is one of the most important technical oxidations. Thus, the formation of ethylene 

oxide from ethylene is performed worldwide with a capacity of about 8 million tons per year applying 

heterogeneous cataIysis with a silver baaed catalystIt]. However, ptopylene oxide already has to be produced 

differently because of lacking selectivity. This is also true for other higher epoxides. Then&m. in these cases, 

either the chlorohydrine process or the oxirane ptocess using hydropetoxides has to be applied, both producing 

couple products or being dependent on chlorine production. An electrochemical process in homogeneous 

solution would solve this problem because no couple products are formed, and the an&e behaves as a clean, 

reagent-free oxidant. However, this reaction dae not proceed directly at the anode but needa an electrogenerated 

oxygen transfer mediator. Such a process has first been established by vun der Eij@I. In this case, silver acetate 

(120 mM) was used as a mediator in a mixed solvent system of either aqueous trifluoro acetic acid or aqueous 

acetic acid and pyridine. The active species formed at the anode is supposed to be the silver(III)oxo 

bis(pyridine) complex formed via disproportionation of the silver (II) tetrakis(pyridine) complex in the presence 

of water. Such a disproportionation has already been described in the case of the water oxidation by silver(R) in 

acidic solutionf31. Thus, simple short-chain alkenes could be transformed to the epoxides in high yields. 

However, the application of high concentrations of silver salts (12OmM) together with high concentrations of 

pyridine (1.2M) and trifluom acetic acid or acetic acid is a severe limitation. 

We found that high concentrations of the catalyst and of the coaolveut pyridine can be avoided by performing an 

indirect electrochemical epoxidation procedure using silver(I) bis(22’bipyridine) and similar complexes as 

mediators in aqueous acetonitrile (CH3CN(O.l M LiC10.4 I H30 = 19: 1) instead of the trifluoro acetic acid / 

pyridine solvent system. The electrolysis is carried out in a divided cell (see Fig. 1) equipped with a platinum or 

graphite foil (Sigraflex@) anode (12.5 cm3). a silver or platinum wire cathode, and an anion exchange 

membrane (Nepton A 1tB PZL 183, Serva; or Neosepta* AM, Tokuyama Soda). 
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wgure 1: Divided electrolysis 091 for the silver bipyridioe mediated epoxidation of &ems [l: anode (platinum 

or Sigraflex@ graphite foil); 2: aoioo exchaoge membraoe (held in place by a quickfit); 3: platinum or 

silver wire cathode] 

The optimizathm using 1-hexene as starting material according to Scheme 1 gave the following reaultsz 

1. The silver hipyridine complex cao he formed in situ starting from silver(I) acetate sod 23’~hipyridioe. A 

silver(I) to bipyridioe ratio of I:2 is totally sufkieot. Higher conceotratioos of the ligand result in lower 

current yields. A silver cooceotration between 2 and 5 o&l should be used. 

2. A higher ratio of starting material to silver(l) leads to higher material yields, and up to ao certain value also to 

better curreot yields. A silvetil) to hexeoe mtio between 1:20 and I:80 gives best msults. 

3. The presence of small amounts of water is oecesmry. Thus, an acetooitrile to water ratio of 19: 1 is used. 

4. Ao efficient separation of tbe anode and cathode compartments is necessary, and most easily obtained by 

using an anion exchange membrane. 

5. Sigratlex* graphite foil as anode material results in much higher curmot yields than the use of platinum. At 

platioum aoodes, electmde passivation is observed, too. 

6. The current density should be small. 

Scheme 1: Schematic represeotatioo of the indirect electmchemicai epoxidation ofaikeoes (L = 2,2’-bipyridioe 

or similar ligaods) 

under these optimized conditions the reaction represented in equation 1 was pedormed using AgOAc (10 o&l), 

2,2’-bipyridioe (M), 1-hexene (O.RM) in 2Oml acetooibile (0.1 M LiClO4)/water (19: 1) at a cummt density 
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of 2.3 mA/cm? Aa catholyte, a 5:2 mixture of acetonitrile (0.1 M IiClaQ) and 0.5 M aqueous sulfuric acid was 

used. 1-Hexene oxide was obtained with a cwmnt yield of 30%. A cutmnt yield at 33% is mached with a Ag(l) 

to suhatmte ratio of 120. Ekcause of the high volatility of l-hexene, the material yield could not be determined. 

However, the epoxide was formed as the only product. 

Under similar conditions (Ag(I)/substmtc ratio = 1:2Q cumnt density 5 mAkm2) isobutyl methacrylate was 

epoxidixed (eq. 2) with 80% material yield and 24% current yield. With a mediator (1 mM AgOAc) to substrate 

ratio of even 1:400. the material yield was 87%. and the cutrent yield 21%. In a blind experiment without any 

silver ions present, 00 epoxide was formed. 
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The current yield depends essentially on the current density: the lower the curtent density, the higher the current 

yield. This can be rationalized by the fact that the chemical follow-up reaction of the electrogenerated 

[Ag(lIXbipy)#+ under regeneration of Ag(I) is rather slow. Therefore, higher conceotrations of Ag(I) will 

allow for higher current densities and better curtent yields. Figure 2 shows the dependence of the curmnt yield 

(cy) and the material yield (my) on the Ag(I) coocentratiou for the cpoxidation of isobutyl methacrylate. 

WI ‘al I I 

Figun?2: 

n cy% 
m my% 

a.52 6,99 1,24 3,2 3,96 [&!I mM 

Dependence of the current yield (cy) and material yield (my) on the Ag(I) concentmtiou for the 

cpoxidation ofisobutyl mcthaqlatc at a current density of5 mA/cn? after consumption of 10 

Wmol. 

Similarly, methyl-Zoctenoate, dimethyl glutaconate, and isophotooe could be epoxidixed. Methyl (EtZ 

octenonte was electtolyxed at 3 mAkn$ using a Ag(1) concentratioo of 2.65 nM with a Ag(I)/substmte ratio of 

122.5. After consumption of 8 F/mol, the tranr-epoxid&] was obtained with 80% material yield (eq. 3) and 

20% current yield. 
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Under similar conditions, (Ethyl glutaeumue was oxidixed to the -de with 9095 material yield 

and 20% curmnt yield (eq. 4). 

The epoxidation of isophoroue was not totally selective. Besides the expected epuxide, the pro&r&s dF the ally1 

oxidation, 2$$trimethylcyclohexen- 1 &hone and 2,5~~methyl4by~xy~cl~x~~, were obtained 

as side pmduets. 

Methyl-2-actenoate was also oxidized using the ehiral (1’S, S~7~~~hy~xy-~lO,l~~yl4~-3~ 

dioxo-3-thiatricyclof5.2.1 .Ol~~&ean4yl)- 1 ,l~~enanth~line silver(I) tetrafluoroborate complex as 

catalys@l. Using a 31 mhi concentration of the complex and a Ag(I)/subatrate ratio of 1%,4 F/moI of 

eleetrieity wem passed at 5 mAlet& The -de was obtained with SO96 mate&l yield and 20% current 

yield, but only in mcemic form. This nsult may indicate that the oxygen transfer occutx in a stepwise fashion. 
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