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Alcohol, the Enolic Tautomer of Acetaldehyde
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Although thermodynamics provide an important driving force
in determining the direction of chemical reactions, it is often
possible to circumvent this dictate by taking advantage of kinetics.
In fact, considerable leverage can be realized by exploiting
favorable relative rates even under conditions in which there is
an opposing and significant energetic bias such as in the case of
enol-keto tautomerizations. Kineticsupremacy will beillustrated
in this report by the near quantitative polymerization of vinyl
alcohol generated insitu through the decomposition of a precursor
and siphoned off at a rate faster than it can tautomerize to
acetaldehyde.

Poly(vinyl alcohol), PVA, is normally synthesized through a
two-step process involving the polymerization of vinyl acetate
followed by its controlled hydrolysis.2 This circuitous route is
necessitated by the unfavorable equilibrium that lies between
vinyl alcohol and acetaldehyde (K = [enol]/[keto] =~ 3 X 1077
at25°C).? An attractive, but hitherto unobtainable goal would
be the direct polymerization of vinyl alcohol. Unfortunately, no
catalyst or initiator has ever been able to selectively scavenge the
equilibrium amount of vinyl alcohol present in solution (Scheme
1). We postulated that if we could start at the vinyl alcohol side
of the equilibrium and if the rate of tautomerization was slow
relative to the rate of reaction, successful polymerization could
be obtained.

The slow tautomerization of vinyl alcohol to acetaldehyde has
been reported previously by Capon et al., who investigated the
acid-catalyzed hydrolysis of vinyl orthoesters at low temperature.>-’
Although the rate of tautomerization is highly pH dependent, it
was found that at the minimum of the pH rate profile only 20%
of the tautomerization could be accounted for by specific acid-
or base-catalyzed reactions; it was suggested that the remainder
of ketonization occurs via a water-mediated pathway.> Wereport
that, through preparation of O-D vinyl alcohol using only slightly
more than a stoichiometric amount of water, we have been able
to extend the half-life of this species from 10 min* to many hours
at room temperature. The stability of the enol tautomer appears
to stem from the reduced water concentration in the system, as
well as from a favorable deuterium kinetic isotope effect (ky+/
kp+ = 4.75, ku,o0/ kp,0 = 12).> Having a significant lifetime at
room temperature under these conditions, vinyl alcohol can now
be thought of as a synthetically useful substrate.
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Vinyl alcohol was generated through the hydrolysis of ketene
methyl vinyl acetal I (eq 1).2 In general, we have observed that
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room temperature addition of 0.9 mol equiv of I to a 1% (v/v)
D,0 solution in acetone-dg, made such that the concentration of
the overall solution is 10~4 M in DCI, yields 90% O-D vinyl alcohol
which tautomerizes to acetaldehyde only very slowly at ambient
temperature® (k. ~ 10~ M/s, vide infra). The remaining 10%
of Iis converted into vinyl acetate, a side product in the hydrolysis,
aswell as toa small amount of acetaldehyde from tautomerization.
Spectroscopic data for the vinyl alcohol were identical to previously
reported data.* OQur observations suggest that the key to
generating persistent vinyl alcohol solutions is to drive the system
toward an anhydrous state through use of nearly stoichiometric
amounts of water in the rapid hydrolysis step. Toour knowledge,
thisis the first report of hydrolysis conditions that yield metastable
vinyl alcohol solutions at room temperature.’

NMR kineticstudies of the room temperature tautomerization
in acetone solution were performed. Preliminary results show a
correlation between water concentration and the mechanism of
tautomerization. When <1 equiv of D,O is in solution along
with the O-D vinyl alcohol, the kinetics of tautomerization have
a zero-order dependence upon the concentration of vinyl alcohol
(kops = 3.5 X 106 M/s).10 The observed catalyst saturation
behavior could be explained by the slow autoionization of water
becoming rate determining atlow water concentrations. Further
studies to elucidate the zero-order ketonization mechanism are
in progress. As an excess of D,O is added to the sample, a
transition to first-order dependence of the rate of ketonization
upon O-D vinyl alcohol occurs (kqps = 2.73 X 10~ s71).11 This
result is in agreement with previous work which showed the
ketonization in completely aqueous solution to be first order in
vinyl alcohol.»!12 Although the room temperature rate of vinyl
alcohol tautomerization under first-order conditions is still
sufficiently slow (¢,/, = 42 min)!! to allow for polymerization of
the enol, the ultraslow zero-order tautomerization rate substan-
tially increases the longevity of vinyl alcohol.

With a metastable enol tautomer in hand, the reactivity of this
species was probed. Polymerization by cationic initiation
(normally ideally suited for vinyl ether polymerizations)!314 was
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deemed unsuitable due to detrimental proton-transfer reactions;
instead, free radical methods were pursued. Initial attempts at
radical homopolymerization (AIBN, Av, —10 to 25 °C) of vinyl
alcohol yielded unsatisfactory results.!®> However, by taking
advantage of stabilizing electron donor—acceptor interactions,
the free radical copolymerization of O-D vinyl alcohol and maleic
anhydride proved successful (eq 2). The hydrolysis mixture
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containing vinyl alcohol (0.25 M) was combined with freshly
recrystallized maleic anhydride and reagent grade AIBN (1 mol
%). Photolysis of the deoxygenated mixture at 350 nm and 25
°Cfor 1 h gave polymer in 90-100% yield by NMR. The polymer
was isolated by precipitation into benzene and spectroscopic data
established its identity.!”

Polymerization kinetics were studied at —10 °C by measuring
the concentration of vinyl alcohol and acetaldehyde versus a
m-xylene standard.!® The polymerization was determined to be
first order in both maleic anhydride and vinyl alcohol. Asexpected
for free radical polymerizations at low monomer concentrations,
the rate of polymerization has no dependence on initiator
concentration.!® The kq, for polymerization was found to be
441 X 104 st at —10 °C. Integration also indicated that
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Figure 1. Polymerization kinetics showing the disappearance of vinyl
alcohol (open squares) without a concomitant increase in acetaldehyde
concentration (filled squares).

equimolar amounts of maleic anhydride and vinyl alcohol were
consumed in the formation of polymer, suggesting that an
alternating one to one coplymerization occurs analogously to
known vinyl ether maleic anhydride copolymerizations.2® Since
the rate of polymerization is far greater than that of tautomer-
ization under these conditions (ca. 30 times faster at —10 °C),
there is no significant increase in acetaldehyde concentration
during polymerization (Figure 1). Thus, this favorable balance
of reaction kinetics allows for the first direct use of vinyl alcohol
as a monomer for polymerization.

In conclusion, we have demonstrated that, by selectively
regulating the kinetic rates, vinyl alcohol can be generated and
polymerized faster than the competing tautomerization process.
We are currently investigating alternative catalyst systems that
may allow us to carry out the homopolymerization of this and
other thermodynamically unstable enols.
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