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The thermal decarboxylation of B-ketoacids in solution constitutes a method of ketone synthe- 

sis of wide application and interest. 1 These reactions are generally assumed to proceed via the 

enol (Scheme I) though evidence for this transient intermediate is indirect. 
2 

Deuterium isotope 

effects are consistent with unimolecular decomposition through a cyclic six-membered transition 

state. 3 The anslogous reaction in the vapor phase has received little attention. 

Additionally, enols such as 2, which are thermodynamically unstable with respect to their keto 

tautomers4 and are also chemically reactive' form an important class of organic compounds. These 

species are commonly cited as intermediates in a wide variety of organic chemical reactions through 

evidence for their existence in a given mechanistic pathway is generally indirect. Despite an 

early understanding of these compounds, 
6 
there exist few studies which provide even a marginal 

characterization of a member of this family.'l McMillan, Cslvert, and Pitt*' have reported a par- 

tial gas phase infrared spectrum of enol-acetone (H-0 stretch at 2.75u, half-life 3.3 min. at 27°C 

and 750 torr total pressure). The persistence of this enol is not surprising since, in the absence 

of acid or base, tautomerisation requires a unimolecular 1,3-suprafacial shift which is Woodward- 

Hofftnam "forbidden"' and may require in excess of 45 Kcal/mole activation energy in similar sys- 

tems.1' LCAO MD calculations predict an 85 Kcal/mole activation barrier for unimolecular tautomer- 

ization of acetaldehyde enol. 
11 

We now report the direct detection of the enol of acetophenone 12 

in the vapor phase thermal decomposition of bensoylacetic acid &,13 supplying a partial character- 

ization of this enol consisting principally of infrared spectrsl data at temperatures from ca. 

-196°C to MV. 

When & is decomposed by slow sublimation through a hot pyrex column l4 (loo-350%) at ca. 0.01 

torr and the pyrolyzed material is collected at -196OC, one isolates only acetophenone (by IVMR) 

after warming to room temperature. 
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Scheme I 

Introduction of excess bromine into the cooled receiver following the pyrolysis leads, upon warming 

to room temperature, to a mixture (by BMR integration) of acetopbenone and ca. 15% o-bromoaceto- 

phenone suggesting that at least part of the gas phase decomposition of & proceeds via the enolg. _-- 
Indeed, when excess deuterium oxide is distilled into the cooled receiver following pyrolysis, a 

mixture (by IWR integration) of acetophenone and ca. 45% a-deuterioacetophenone is isolated. Both 

of these experiments are consistent with formation of enol 5 and persistence at -196% for at least 

the five to ten minutes required for introduction of either bromine or deuterium oxide. 15 

More significantly, when the pyrolysis experiment was conducted with a precooled (ca. -196'S) 

infrared ce1116 in place of the receiver, the spectrum shown in Figure la was recorded. After 

warming the cell to room temperature, the spectrum in Figure lb was recorded. Spectra recorded 

twenty-four hours after warming to room temperature are weaker but qualitatively ~imilar.~'l The 

low temperature spectra consist principally of bends assignable to acetophenone but contain bands 

at 3580, 3330, 3215, 2955, 1710, 1610, 1310, 795, 710, and 655 cm-’ which are of other origin. 

Several of these bands are visible in Figure la and are marked with arrows. The strong, broad 
-1 

bands at 3330 and 3215 cm disappear upon warming to room temperature and remain unassigned. The 
-1 

narrow band at 3580 cm is particularly suggestive of a nonhydrogen-bonded enol 
18 

though a priori 

one might expect such a band from other hydroxylic species such as the B-ketoacid &. This is a 

strong possibility since ,& itself is capable of enolization and since the enolic tautomer may well 

survive pyrolysis, lacking a favorable transition state for loss of carbon dioxide. No such band, 

however, could be observed in spectra of & under a wide variety of conditions. 1' This ambiguity 

is removed entirely by performing the analogous IR experiment on the corresponding a,a-dimethyl- 

benzoyl acetic acid W20 which is not capable of enolization. Again, a persistent (even twenty- 

four hours after warming to room temperature) and narrow 3580 -' cm band was observed along with 

bands at 1080, 698, and 600 cm-1 confirming the assignment for 5. 

A partial NMR spectrum of transient 2 has been recorded previously by taking advantage of the 

Chemically Induced Dynamic Nuclear Polarization phenomenon. 
21 

We are currently investigating the 

utility of HMR spectroscopy in our own studies. 
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Figure 1. (a) Infrared spectrum of pyrolysete of & collected et ce. -196°C. Arrows indicate 

(b) 
bands not assignable to acetophenone or ,&. 
Infrared spectrum of sample prepared as above and then warmed to room temperature. 
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