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A NOVEL SYNTHESIS OF ALLYL VINYL ETHERSl
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Abstxagk: Base~promoted reaction of dimethyl diazomethylphosphonate (2) with aliphatic
Ketones in the presence of allylie alcohols affords aldehydie allyl viMyl ethers ( ,.\3,}.

Allyl vinyl ethers, k, are of interest because they undergo the Claisen rearrangement,2
a sequence that accomplishes net a-allylation of carbonyl compounds (eq. 1). Modern methods
for the preparation of aliphatic ethers have typically involved heating an excess of the car-
bonyl compound, as its ketal or as a simple enol ether, with the appropriate allylic alcchol
and a catalytic amount of acid.3a For those cases in which the alcohol is the more expenda-
ble reagent, it is used in large excess relative to the carbonyl component.3b The ether ]

that results is normally not isolable4 but undergoes rearrangement under the reaction condi-

tions.3c
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We have reported that the base—promotga reaction of dimethyl diazomethylphosphonate (gl)5
with aliphatic ketones in alcoholic media affords aldehydic enol ethers, %, in moderate to
high yilelds (eq. 2).6 By analogy, use of an allylic alcohol in the reaction could give an
allyl vinyl ether, % (Rl = Allyl). An alternate pathway, namely cyclopropanation of the pi
bond of the alcohol, has precedent in the base~promoted reaction of aliphatic ketones and %

with alkenes;7 the potential importance of this reaction was difficult to predict with con-

fidence.8
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OH + KOBu® ——F R,C=CHOR )
2 3
In the event, reaction of cyclohexanone with % at room temperature in a solution of allyl

g RE = -cazcu=cnz]12 in 60% yield, with

ch=0 + (CH30)2P(0)CHN2 + R

alcohol and potassium t-butoxide gave % [RZ = ~-(CH
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Table 1. Conversion of Ketones to Allyl Vinyl Ethers
Entry?  Ketone Alcohol Ether? Yield (%)°
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3a11 reactions performed at room temperature with 1 mmol of ketone and 1.5 mmol each of di-
methyl diazomethylphosphonate (g) and potassium t-butoxide unless noted otherwise. About
60 mmol of alcohol was used as reactant and solvent. For other details, see "Typical Pro-
cedure" section of this paper.

bAH new compounds have mass, ir, and pmr spectra consistent with their assigned structures
As an example, see footnote 12.

CBased on ketone and determined by pmr integration against benzene as an internal standard.
dReaction performed at o°.
®E:Z ratio of 3.0:1.0 (see text).

ine]d obtained when 2.5 mmo)l of diazomethylphosphonate % was used.
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no more than 5% of the cyclopropanation product being formed (pmr analysis of the crude reac-

tion mixture). This represents the first reported example of generation of an allyl vinyl

D
in recovery only of starting materials upon reaction of cyclohexanone with allylidenetriphenyl-
phosphor‘ane.]3
This general methodology has thus far been extended to several types of allylic alcohols
and four other ketones, and the results are collected in Table 1. It is clear that the method
is successful with various cyclohexanones (entries 1, 4, and 5), although it gave a disappoint-
ingly low yield with single acyclic example examined (entry 10). The mildness of our tech-
nique is nicely illustrated by entry 4, in which an o,B-unsaturated cyclohexenone is converted
to the corresponding allyl vinyl ether without prior base-catalyzed isomerization of the dou-

ble bond.14
15

Entries 5 and 6 show that the sterically favored Z-isomer is formed preferential-
1y, ° the result expected on the basis of the proposed mechanism of the reaction.6 Finally,
1° allylic alcohols generally give higher yields of ethers than do 2° or 3° examples (compare
entries 1 and 2 with 7 through 9).

Some preliminary results are available from experiments designed to assess the effect on
the yield of decreasing the excess of alcohol used in the reaction. Such experiments antici-
pate synthetic projects in which the allylic alcohol would be a more difficultly obtainable
material as compared to those reported in Table 1. These results are recorded in Table 2.
Although yields clearly are decreased by lowering the amount of alcohol used, the decrease is

TABLE 2. Yield of Allyl Vinyl Ether as Function of Alcohol Concentration and Reaction Mode.
Entry? Alcohol® T (°C)  Mode® Yield (%)9 Entry® Alcohol® T (°C)  Mode® vield (2)d

1 73 25 A 60 5 5 0 B 26
2 10 25 A 33 6 5 0 c 43
3 10 0 A 44 7 5 0 D 39
4 5 0 A 40
qMolar ratio of cyc]ohexanone:g:KOBut of 1.0:1.5:1.5 was used; one mmol of ketone was used.

bMolar ratio of allyl alcohol that was used.

CMode A: A solution of ketone and 2 was added during 15 min to a solution of the alkoxide
and the alcohol. The resulting mixture was stirred for 1-1.5 h prior to workup; mode B:
Same procedure as A except that 2 was added to a solution of the other reagents; mode C:
Same procedure as A except that the alkoxide was added to a solution of the other reagents;

mode D: A solution of alcohol and alkoxide in 3 mL of pentane was added to the mixture of
ketone and %.

dDetermined by pmr integration against benzene as an internal standard.
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not unacceptable. Consequently, our technique holds promise for the synthesis of more complex
allyl vinyl ethers. Such studies are currently in progress.

Typical Procedure: A solution of dimethyl diazomethylphosphonate (2, 0.23 g, 1.5 mmol) and
cyclohexanone (0.10 g, 1.0 mmol) in 2 mL of allyl alcohol was cooled to 0° under an atmosphere
of dry nitrogen. To this magnetically stirred mixture was added a solution of potassium t-
butoxide (0.17 g, 1.5 mmol) in 3 mL of allyl alcohol over a period of 1-2 min. Gas evolution
was immediately evident. The reaction mixture was stirred at 0° for 1.5 h, after shich 25 mL
of pentane was added. The resulting solution was washed sequentially with water (2 x 25 mL)
and brine (2 x 25 mL) and then dried (Na2504). Solvents were removed under vacuum, and the
residue was subjected to spectroscopic analysis. Analytical samples were obtained by chroma-
tography over silica gel.
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