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Abstract: The geometries of the carbonyl oxiaks produced during ozonoiysis of E- and Z-vinyl ethers have 

been assigned using the intranw~ecular trapping method. The alkoxy substituent exerts an anti-directive @ect 

on formation of the carbonyl oxide; that is, the carbonyl oxide has a geometry opposite to that of the 

precursor vinyl ether. 

The elegant work of Kuczkowski and coworkers has established that the ozonolytic cleavage of vinyl ethers is 

highly regioselective aud stemospecific. 2 Thus, the stenzolabeled ethyl vinyl ethers la and lb fragment to 

generate formaldehyde oxide and ethyl formate: recombination leads to the akoxy ozunide with predominant 

retention of tine stereochemistry. This requires that the intermediate labeled carbonyl oxide is formed 

s&zwqecitkally fkom the vinyl ether. Since the final ozonide stereochemistry depeuds not only on the 

carbonyl oxide gaometry, but also on the exo-en& topology of its cycloaddition with the ester, conclusions 

about the former are contingent on assumptions for the latter. For this Tcllson, it has not been possible to 

assign the geomelries of the inKzmediate carbonyl oxides. We have recently demonslrated that iutramolecular 

trapping permits assignment of uubonyl oxide stc~eochemist~y,~ and report here the results of our studies on 

the intramolecular trapping of carbonyl oxides from ozonolyses of E aud &vinyl ethers. 
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Carbonyl oxi&s are fleering intermediates, and canuot be observed dbectly in ozooolysis reactionsP For a 

concerted, intramolecular cycloaddition of a carbonyl oxide with an aldehyde or ketone, the possible transition 

state geometries are liited by the length of the te&er connacting the reactive groups. In the case of a short 

tether, cyclization is possible only if the carbonyl oxide has the geometry sym witb respect to the trapping 

group, Therefore, the extent of intramolecuhu ownide formation can be used to assess the carbonyl oxide 

geometry. 
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The Z and E-vinyl ethers 2a,b and 3a,b were pmpared as shown in Scheme 1.5 Reduction of yphenyl-y 

butyrolactonc with DIBAL-H, followed directly by reaction with methoxymthylencuiphcnylphosphoranc, 

afforded a 2 : 1 mixture of E and Z vinyl ethers in 84% yield. Oxidation of the mixture provided &t and 2b. 

which could be separated etficiently by flash chromatography on AgNO+eated silica gel.6 The synthesis of 

the higher homologs 3a,b began with l-phenylcyclopentene. Ozonation, followed by reduction with 

triphenylphosphine, provided the ketoaldehyde, which underwent selective okfination with methoxy- 

methylenetriphenylphosphorane to yield a 1 : 7 mixture of 3a and 3b, respectively. As before, these isomers 

were easily separated on AgNO+eatal silica gel.6 
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scheme 1 

Ozmolysis of 2b was carried out ln CD,& at -78 “C, and the NMR spectrum of the crude reaction mixtum 

was mcotdal witbin 10 minutes at -70 “C. Diagnostic signals included the singlets for methyl formate (S 8.68 

and 3.68 ppm), and the bridgehead signal for ozonide 4 (br s, 6 6.22 ppm). Based on NMR integration 

(versus the total of the aromatic signals), a nearly quantitative amount of methyl formate was formerI along 

with 54 % of the ozonide 4. It was essential to monitor the reaction mixture at low temperature, because 4 

dccomposcs rapidly at higher tempcraturc, presumably due to the strain in the bicyclo[2.2. llhcptane ring 

system. 

When the Zvinyl ether 2n was ozonized under the same conditions, only a very small amount (< 3%) of 

ozonide 4 could be detected at -70 T, along with a quantitative yield of methyl formate. The other signals 

were; quite broad, suggesting the foimation of oligomcric material.’ 

The lability of ozonide 4 prompted us to examine the ozonolyscs of 3a,b. The anticipated ozonlde, 5. was 

prepamd in 84 46 yield by ozonolysis of l-phenylcyclopcntene.5 and was shown to be stable for we&s at 

room temperature. A solution of 3b was ozoniz-ed at -78 “C in CD&~. and the resultant solution warmed to 

room temperature. The yield of ozonide 5 was 524, as determined by NMR analysis. Similar treatment of 

3a resulted in the formation of only 5-8 % of the ozonide 5. along with methyl formate (98 %) and oligomerlc 

peroxides. 
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scheme 2 

In each case, the formation of methyl foxmate indicates that regiosclcctive fragmentation of the primary 

ozenides from 2 and 3 produces the carbonyl oxides 6 and 7, respectively. Intramolecular cyclization to form 

the ozonides 4 and 5 can proceed only for syn-6 and syn-7; the anti-carbonyl oxides cannot achieve a 

conformation for concerted intramolecular cycloaddition, aud ultimately engage in intermolecular reaction to 

form oligomers. It must be noted that the yields of intramolecular ozonide represent the lower limits to the 

proportion of syn carbonyl oxide actually pmduced tiem the vinyl ethers, since intramoIecular cyclization is 

probably not 100% efficient. For this reason, it is not possible to determine quantitative ratios of carbonyl 

oxide stereoisomers in each case. Nevertheless, the trend is clear: syn carbonyl oxides are produced as the 

major intermediate from the E-vinyl ethers 2a and 3a, while the Zvinyl ethers 2b and 3b lead mainly to the 

anti-carbonyl oxides. 

Thus, the allcoxy substituent steers formation of the carbonyl oxide to the remote alkene position, with a 

geometry opposite to that of the precursor vinyl ether. This anti directive effect of the allcoxy group, in 

conjunction with Kuczkowski’s results for ozonolysis of la and lb.2 implies a preferred endo-transition state 

for cycloaddition of carbonyl oxides with esters. For example, ozonolysis of la will proceed to the anti- 

carbonyl oxide, which must add to methyl formate in an endo fashion to produce the observed cis-ozonide as 

the major product. Likewise, the E-vinyl ether lb leads, via endo-cycloaddition of the syn-formaldehyde 

oxide, to the tram-ozonide. Finally, it can he noted that the directive effect of the allcoxy group reported hem 

confirms that suggested for ozonolysis of Z and E- 1 -methoxypropene.2b 
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