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Abstract. Dimethyldiorirane (la) and methyl(rrifluorometh~I)dlo\lrane (lb) effurntly itffurd cledvqc of acztala and of 
ke~als to c~rbanyl products under mild. neutml conditions Diakyl ethers arc cleaved IU alcohols. aldrhydcs and/<u carhoxyhc 
acids. whereas reaction of dmwanes la,b wlh mrdnw-rule cyclic ethers ~ransforrns rhe latter lntu lactonea. vin rhc 
corresponding hemiacetals, with no appreciable formawn of ring-opened products The prcducls can bc accounted for on 
grounds of a remarkably selectwe O-atom insertion by the dloxlrane inru C-II bonds u IO thr ether functmnalil~. 

Using conventional oxidation reagents, such as lead tetraacetate.1” dioxygen.lb hydroperoxides.lc or ozone,2 

the oxyfunctionalization of ethers and acetals are rarely selective, as they often yield quite complex mixtures of 

products; with cyclic ethers. products of oxidative cleavage often arise (Scheme l).* 

Scheme 1 

Metal oxides in their high oxidation states.’ or LiOCl and catalytic amounts of Ru(I1) complexes4 count among 

the few reagents which are effective for the selective transformation of primary ethers into esters, without further 

oxidation of the esters to anhydrides and/or carboxylic acids. Also, metal nitrates - e.g., Cu(11) or Zn(I1) nitrate - 

supported on silicagel have been employed to oxidize ethers under mild conditions to the corresponding ketones 

or aldehydes. with no further oxidation of the latter;” with this method. however. in some cases alkyl nitrites are 

formed as by-products5 

Compared to oxidation methods which use metal oxides stoichiometrically or metal complexes catalytically, 

oxidations employing either i/? sirlc h or isolated’ dioxiranes R’R*CO, (I), a new class of powerful oxidants,8 

often have the advantages of simple procedures. mild reaction conditions, ease of product isolation, and increased 

yields. Thus, dimethyldioxirane (la: R1=R2=CH3)7a.9 and methyl(trifluoromethyl)dioxirane (lb: R’=CH3, 

R2=CF,)10 have been applied to perform an impressive variety of useful synthetic uar~sforlnations.6-13 
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Table 1. Oxidation of acetals and ethers by dioxiranes (la,b). 
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In the course of a recent study on the oxidation of alcohols to carbonyl compounds by dioxiranes,r’~r* we 

observed that acetals and hemiacetals” undergo easily oxidative cleavage to carbonyl-containing products by 

these reagents. We present herein some further examples concerning the latter transformation, along with the 

oxyfunctionalization of simple ethers. Representative results are shown in Table 1. 
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Solutions of 0.06-0.09 M dimethyldioxirane (la) in acetone or of 050.8 M methyl(trifluoromethyl)dioxirane 

(lb) in 1 .l.l-trifluoropropanone (its ketone precursor, hereafter TFP) were obtained by following the reported 

protocol .7a*g~‘0 The oxidations simply entailed addition of cold aliquots of standardized 9*10 dioxirane solution 

to the substrates (acetal, ether or otthoester) in dry CH,Cl, (kept at 0 “C, in the majority of cases). at the dioxirane 

excess and solvent composition given in Table 1. The reaction progress was monitored by gc/ms; in some cases 

(entries 2. 4,and 6, Table 1) ‘H NMR spectra were run periodically on the reaction mixture directly, in which 

case CD+& was employed in place of CH,Cl, as solvent. 

The first two entries in Table 1 estnbilish the dioxiranes as excellent agents for the oxidative cleavage of ethylene 

ketals 2 and 314 under mild conditions: as expected. tt the oxidation rates are much higher with dioxirane lb,loa 

which is several thousand-fold more reactive15 than dimethyldioxirane (la). This method should be synthetically 

useful for the deprotection of masked carbonyl compounds (ace&, orthoesters) i/l the absence ofucid catalyst t 

Most likely. the oxidative cleavage is initiated by O-atom insertion into C-H bonds of the 1,3-dioxolane moiety 

of ketals 2 and 3. Similarly, initial O-insertions by the dioxirane into the methyne C-H of benzaldehyde 

dimethylacetal (4) and of triethylorthoformate (5) are also involved in the high yield transformation of these 

substrates into methylbenzoate and diethylcarbonate. respectively (entries 3 and 4, Table 1). 

The products which arise from the cleavage of the simple. unbranched dialkyl ether such as 6 (Table 1) are also 

envisaged to derive from preliminary U-insertion selecti\x$~ at methylene C-H Q to the ether moiety (Scheme 1). 

In accordance with these results. exposure of t-butyl methyl ether (7) to the action of the more powerful dioxirane 

lb brings about cleavage into formic acid and tert-butanol (which is resistant to further oxidation”). 

Interestingly, cleavage is not the main course of the dioxirane oxidation of medium-ring ethers 8, 11, and 14 

(entries 7-9. Table 1). Rather. by using carefully dried dioxirane solutions (molecular sieves 5A), an alternative 

route - i.e.. oxidation to lactones (path ii , Scheme 1) - becomes the main process. In most of the cases, the 

lactones are accompanied by variable amounts of the corresponding acetals, the intermediate oxidation products 

(Table 1). Of interest is 3-methyltetrahydropyran (14) as substrate (entry 9. Table I), for which insertion takes 

place exclusively at the two a-CH2 positions to afford a-methyl &valerolactone (1~5)‘~ and its y-methyl 

regioisomer (16).*’ 

The high selectivity for the observed a functionalization speaks for a non-radical C-H insertion. akin to that 

envisaged for the dioxirane oxyfunctionalization of alcohols. ’ ’ In fact, also some p attack would be expected in a 

classical radical pathway involving RO’ radicals: for instance. approximately 13% attack at P-CH, was found for 

the reaction of tetrahydrofuran (8) with HO’.‘” Concerning this, it should be noted that for 

3-methyltetrahydropyran (14) insertion at the p position should be encouraged by the presence of a tertiary C-H; 

however, even in this case no product derived from @oxidation was detected. 

The results reported herein on the oxidations with dioxiranes provide a new entry into the cleavage of acetals to 

the corresponding carbonyl products under mild conditions. as well as the direct conversion of cyclic ethers into 

lactones, In view of the synthetic utility of these transformations. further studies concerning the elucidation of 

mechanistic details of these C-H insertions are warranted. 
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