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Summary Acetals and ketals are converted in high yields to the corresponding methyl vinyl ethers by treatment

with trimethylsilyl 10dide 1n the presence of hexamethyldisilazane at room temperature or below

Alkyl vinyl ethers are reagents of considerable synthetic utility 1 Unfortunately, the most useful preparative
technique mvolves the pyrolytic cracking of acetals and ketals usually in the presence of acid catalysts 2 These
vigorous reaction conditions often limit the generality of the procedure, particularly when other sensitive

functionahity 1s present

In connection with another program, we needed a mild, selective procedure for the preparation of methyl vinyl
ethers which did not require either elevated temperatures or strong acid catalysis In this respect, it seemed that
the utilization of the strong affimity for oxygen of electrophilic sitlicon denivatives might provide the mild techmique
needed In this regard, trimethylsilyl 10dide 1s such a highly electrophilic reagent which 1s finding considerable

recent synthetic usage 3

Since we have shown that the treatment of certain oxygenated functionality with TMSiI 1n the presence of selected
sterically hindered amines (e g, 2,6-di-t-butyl-4-methylpyridine and hexamethyldisilazane (HMDS)) led to rapid
deprotonatlon,4 the application of this procedure to acetals and ketals> should result i a mild, selective techmque
for the formation of methyl vinyl ethers under neutral or weakly basic conditions (Scheme I) We describe here

the successful utihization of this procedure for this purpose
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Examination of Table I shows the scope and utility of this process 6 In most cases, the product yields are high
and the 1solation procedure 1s simple The reaction progress is easily monitored by NMR or glpc and the products
are 1solated 1n high purity virtually uncontaminated by the corresponding carbonyl compounds 7 Unsymmetrical
ketals result 1n regioisomers which appear significantly equilibrated Consistently when the mixture of 16a and
16b 1solated by distillation was treated with a catalytic quantity of p-toluenesulfonic acid for 8 days (25°C), the

ratio of the reisolated enol ethers remained relatively constant (63/37 after equmhbration versus 67/33 mtially) 8
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Interestingly, the rate of disappearance of the starting material was quite sensitive to the solvent The reaction
was rapid 1n methylene chlonde or chloroform while the rate in pentane and carbon tetrachloride was much
slower Ths solvent effect was exploited 1n the conversion of the acetals 8 and 9 In each case, the
disappearance of the starting material was rapid 1n either methylene chlonde or 1n chloroform, but the enol ethers
were apparently unstable 1n the reaction media The use of carbon tetrachloride, on the other hand, resulted in
lower rates but allowed the 1solation of the respective vinyl ethers 18 and 19 in reasonable yields Interestingly,
when 9 was treated with TMSiII-HMDS 1n carbon tetrachlonde at 0°C (3h) and a sample worked up 1n the usual
fashion, glpc analysis indicated that the major product (unreacted ketal was present) was capryl aldehyde
Infrared analysis of the reaction mixture at this pomnt showed little aldehyde carbonyl However, when the
mixture was allowed to further warm to 25°C for three additional hours and was reanalyzed, the respective enol
ethers 16a and 16b were the major products and capryl aldehyde comprised <5% of the mixture It 1s sigmficant
that the respective trimethylsilyl enol ethers of capryl aldehyde were not detected in the reaction mixture even
though they are produced 1 good yield when the aldehyde 1itself was treated with TMSiII-HMDS On the basis of

these observations, 1t seems reasonable to propose that in carbon tetrachloride at 0°C an intermediate 1s produced
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which hydrolytically reverts to the aldehyde upon aqueous work up Alternatively, at higher temperatures,
elmination 1s competitive and the respective vinyl ethers are produced The corresponding a-10dooctyl methyl
ether should be considered as a possible candidate for the base labile intermediate In this regard, we note that
NMR examination of the crude reaction mixture after 2h at -10°C showed the appearance of a new single proton
triplet (J=5 Hz) at § 6 02 At ths point, starting material was still 1n evidence, but the product enol ethers, 19a
and 19b were absent Warming to 25°C led to the disappearance of the low field triplet and to the appearance of
the charactenistic vinyl ether signals of 19a and 19b at 8 6 25 and 5 75

Cyclopropylcarbinyl ketals (e g, 10) also react rapidly under the reaction conditions but with ring opening to yield
the corresponding 10do enol ethers In a similar fashion, the aliphatic ketal 21 rapidly ring opens to produce
imtially the enol ether 22 Continuous monitoring of the reaction by NMR indicated that while 22 was the major
(>90%) product generated imtially, after workup and upon standing, some of the terminal 1somer 23 was detected
(singlet at 3 868, olefinic protons) 9 The equilibration which apparently takes place upon standing may be caused

by traces of I, present which 1s known to be a very efficient catalyst for enol ether equilibration 8

General Procedure for Preparation of Methyl Enol Ethers

345 mg (2 mmole) of cyclooctanone dimethyl ketal was dissolved in 4 ml of methylene chloride under N, After
cooling to -10°C, 2 5 mmole (527 pul) of hexamethyldisilazane and 2 3 mmole (327 pl) of TMSiI were added
The reaction was stirred 2h at 0°C and allowed to warm to 25°C (2h) The mixture was diluted with 25 ml of
pentane, washed with cold saturated sodium bicarbonate and dried over K,CO4; The pentane was removed and
the residue distilled from K,CO5 using a Kugelrohr apparatus (85°C, 15 mm) to yield 250 mg (89%) of the
vinyl ether 15 Glpc analysis (10% SE-30) indicated that the product was >97% pure

References

1 (a) "The Chemustry of the Ether Linkage," S Patai, Ed , Interscience, New York, New York (1967),
(b) L S Povarov, Russ Chem Rev, 34, 639 (1965), (c) J Colonge and G Descotes, "1,4-Cycloaddition
Reactions,” J Hamer, ed , Academic Press, New York, New York, 238 (1967), (d) E Wenkert, Acc_
Chem Res, 13, 27 (1980), (¢) C M Hill, R Woodbery, D E Simmons, M E Hill, and L Haynes, J
Am Chem Soc, 80, 4602 (1958), (f) A J Burch,J M H Graves, and J B Siddall, J] Chem Soc, 4234
(1963), (g) D J Faulkner and M R Petersen, Tetrahedron Lett , 3243 (1969), (1) T C T Chang,



10
11

326

(a) H Meerwein 1n Houben-Weyl, "Methoden der Organische Chemie," E Mitller, ed , Vol 6/3, Georg
Thieme Verlag, Stuttgart, 1965, p 199ff, (b) R A Wohl, Synthess, 38 (1974)

A H Schmdt, Chemiker Zeitung, 104, 253 (1980) and references cited therein

R D Miller and D R McKean, Synthesis, 730 (1979)

Jung and coworkers have demonstrated that in the absence of base, TMSil 1s an effective deketalization
reagent, M E Jung, W A Andrus, and P L Ornstemn, Tetrahedron Lett , 4175 (1977)

Consistent spectroscopic data has been obtamned for all compounds The yields reported are for 1solated
material with no attempt at optimization Regioisomers were separated by glpc (10% SE-30 on
Chromosorb W)

The apparent stability of the methyl enol ethers under the stated reaction conditions 1s interesting, in hight of
the report by Cohen and coworkers that such ethers are rapidly cleaved by a mixture of timethylsilyl
chloride and sodium 10dide 1n acetonitrile, Z Kosarych and T Cohen, Tetrahedron Lett , 3959 (1980)

It 1s reported that the equilibrium position 1s ~60% 19a, 40% 19b as determined by 10dine equlibration,

S J Rhoads, J K Chattopadhyay, and E E Waal;, ] Org Chem, 35, 3352 (1970)

The chemical shift of this signal 1s not inconsistent with that expected for the @ proton of the corresponding
a-10dooctyl methyl ether and 1s quite simlar 1n position to that recently reported for a number of related
aldehyde trimethylsilyliodohydrins 10

M E Jung, A B Mossman, and M A Lyster, J Org Chem, 43, 3698 (1978)

The structures of 22 and 23 were assured by the displacement of 10dide using hthium thiophenoxide (THF,
25°C) to produce the corresponding thiophenyl methyl enol ether which could be purified by glpc Ina
similar fashion, the dimethyl ketal of y-thiophenyl-2-pentanone was treated with TMSiI-HMDS to yreld the

same muxture of enol ethers for spectral and glpc comparison

(Received in USA 5 August 1981)



