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Generation of Vinyl Alcohol in Solution and its Slow Conversion
into Acetaldehyde

By BriaN CapoN,* DaviD S. RycrorT, and THoMAs W. WATsON
(Department of Chemistry, University of Glasgow, Glasgow G12 80QQ)

Summary Methoxyvinyloxymethyl chloroacetate and ace-
tate have been used as precursors to generate vinyl
alcohol in aqueous acetonitrile, and its formation and
conversion into acetaldehyde have been followed by 'H
and 1BC n.m.r. spectroscopy.

THE enols of simple monoaldehydes and ketones are
thermodynamically unstable species (Keno1 = [enol]/[keto]
=2 x 1073—5 x 10~%?! and, although frequently postu-
lated as reaction intermediates, they have rarely been
detected. Examples of their detection include that of
vinyl alcohol in the gas phase by microwave spectroscopy
on dehydration of ethylene glycol® and of vinyl alcohol® and
other enols? generated photochemically in the liquid phase
at low concentration by CIDNP. There is, however, no
simple method for the generation of enols at high concentra-
tion in solution that would enable their ketonisation to be
studied directly. Nevertheless it appeared that the rate
constants for the ketonisation of enols under acid conditions

are not especially high. Thus Lienhard and Wang® have
estimated that the rate constant for the H,O*-catalysed
ketonisation of 1-hydroxycyclohexene in H,O is 56 1 mol—1
s~ at 25 °C and Toullec and Dubois® have estimated that
for isopropenyl alcohol to be 17001 mol—t s~1, Both sets of
authors emphasized that the rate constants for the acid-
catalysed ketonisation of enols should be similar to those for
the hydrolysis of the corresponding enol ethers. On this
basis the rate constant for ketonisation of vinyl alcohol in
H,0O should be c¢ca. 21mol-ts! at 25°C.7 It therefore
seemed that the failure to detect enols, except in the
reactions mentioned above, may stem not from an ex-
cessively high reactivity, but from the method normally
used for their generation, i.e., enolisation of aldehydes and
ketones, being very slow.

In order to generate vinyl alcohol we have used a method
similar to that which we used to generate hemiorthoesters,
the tetrahedral intermediates in OO-acy! transfer reactions.?
The first precursor chosen was methoxyvinyloxymethyl
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chloroacetate (1).® By analogy to our earlier work this
should be hydrolysed to yield methyl vinyl hemiortho-
formate (2) which should break down to vinyl alcohol and
methyl formate (or methanol and vinyl formate). The
'H n.m.r. spectrum of (1) (0-15 mol171) in [*H,Jacetonitrile
at —20 °C shows an approximately first-order ABC system
for the vinyl group with 8 653, 8p 4-58, and 8¢ 4:32; Ja»
14-7, Jac 49, and Jac 1'7THz. The signals for the CH,
chloroacetate, and methoxy group are as shown in the
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(?_;53) ClCH2C020
| . {418}
0_C=C<H(4 32
4 Hi4:58)
(6:50)H— C_OMG(EI'LL) —_— +
OCOCHCI H
(4-22)
—e=e-M
(1) ST
H-CIT—OMe
oD
(2)
H(9-65) (6:45) (3-82) l
H H (806) (3-70)
0=C—CHZD - \C:_:c/ + H_C/OMe
~ ~ N
(2:12) Do H o
(4-18)

ScueME. The figures in parentheses are § values.

a new vinyl group is formed with concurrent disappearance
of the orthoester CH signal and formation of the spectrum
of methyl formate (5 8:06 and 3-70). The new vinyl group
has 6 645, 8p 4:18, 8¢ 3-82; Jap 14:2, Jac 64, and Jgc
1 Hz, and this spectrumn is stable at —20 °C for several
hours but at 420 °C it has a half-life of c4. 16 min, changing
into the spectrum of CH,DCHO (§ 9-65 and 2-12, br m).
On addition of an excess of sodium deuteroxide at —20 °C
this change takes place immediately. When 109, H,O is
used instead of 109, D,O the conversion of the initial
product into acetaldehyde (now MeCHO) is faster and the
n.m.r. spectrum of the latter has a sharp quartet (8 9-65) and
doublet (§ 2-12). Complementary changes in the 33C n.m.r.
spectrum were also observed. The vinyl group of the
starting material (0-3 moll~!) showed resonances at
S 146-2 and 94-4 in CD,CN and on addition of 109, D,0O
(v/v) at —20 °C two new vinyl resonances were formed at
8 149-0 and 88-0. These persisted at —20°C but at
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420 °C disappeared fairly rapidly with concurrent forma-
tion of [2H,Jacetaldehyde [§ 202-8 and 30-85 (t, Jap 19-3 Hz)]
plus some acetaldehyde (8 31-1) which presumably arises
from the presence of HDO in the D,0 and a favourable
isotope effect. When H,O was added instead of D,0 a
small isotope effect (Ad 0-2) was observed on the downfield
13C resonance (8 149-2) but not on the upfield one (3 88-0).

The same vinyl species was also generated from methoxy-
vinyloxymethyl acetate but the relative rates of its forma-
tion and disappearance are less favourable and it is necessary
to use a more aqueous solvent. This precursor does however
have the advantage that with it there is no chloroacetate
signal in the 'H n.m.r. spectrum which partially obscures
one of the vinyl resonances when (1) is used as the precursor.

On the basis of these results we conclude that the new
vinyl group is that of vinyl alcohol. If it were that of a
vinyl ether it should be stable on addition of sodium
deuteroxide or if it were that of a vinyl ester its 'H signals
should occur at lower field (vinyl acetate 'H, § 7-26, 4-88,
and 4-56; 13C, § 141-8 and 96-8 p.p.m.).1° The observation
of an isotope effect on the downfield 3C vinyl signal is also
consistent with this conclusion but as the two species were
not observed simultaneously in the same solution this piece
of evidence is not conclusive. In addition both the 'H and
13C n.m.r. spectra show the formation of the other species
(methyl formate and chloroacetic acid) consistent with the
formation of vinyl alcohol according to the stoicheiometry
shown in the Scheme. So far we have been unable to detect
the hemiorthoester (2) and there appears to be no formation
of vinyl formate and methanol. Presumably (2) reacts
faster than the previously detected® dimethyl hemiortho-
formate with preferential expulsion of the vinyloxy group
which probably has a lower pKj, than the methoxy group.

It is interesting that in the solutions that we have used
the rate of conversion of vinyl alcohol into acetaldehyde is
considerably greater than the rate of formation of acetalde-
hyde from ethyl vinyl ether (ca. 100 fold). This means that
either, contrary to the predictions mentioned above, the
acid-catalysed ketonisation reaction is faster than the
hydrolysis of an analogous vinyl ether or that the vinyl
alcohol is undergoing a rapid spontaneous or even base-
catalysed reaction under our conditions.

The method reported in this communication for the gen-
eration of vinyl alcohol provides for the first time a way
of studying a simple enol-keto system in the thermo-
dynamically favourable direction (enol — keto) rather than
in the unfavourable direction (keto — enol) and may be
extendible to other enols. We are at present investigating
such possibilities.
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