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A3STPACT 

In a previous publication It «as proposed that 

^-hydroxy-ketones decompose thermally to mixtures of 

al<:?hydo3 and ketones in a reaction that is the reverse 

of the aldel condensation» and that 8-hydroxy esters 

pyroiyze to form a mixture of the corresponding ester 

an;! aldehyde or ketone. This descontnosition follows 

first-order kinetics and appears to be unimolecular. 

Based on these data it was proposed that the reaction 

involves a cyclic six-membered transition state. 

To further corroborate this mechanism, ther

molysis was carried out with the hydrogen replaced by 

deuterium. The snail primary isotope effect observed 

agrees with the proposed transition state geometry, and 

th2 lew cumulative secondary deuterium effect is a good 

indication that no C-H bond is broken in the rate eon-

trolling step. 

V 
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INTRODUCTION 

It has previously been shown, ' that 

0-hydroxy-ketones nay be pyrolyzed to mixtures of alde

hydes and ketones, and 6-hydroxy esters descompose ther

mally to a mixture of the corresponding ester and alde

hyde or ketone. Considering the products» kinetics, 

and activation parameters of the reaction, a cyclic six-

-membered transition state nas proposed for the reaction. 

0 0 
kK 

CH3, C2H50 ; R', R" » H, CH3 

The proposed mechanism was further supported by the ob-
4 

servation that the bicyclic compound, 3,3-dimethyl-l-

(1-hydroxy-l-methyl ethyl) bicyclo [2,2,1] heota-2-one, 

which is esentlally stable to heat, cannot form a cyclic 

transition state without forming a double bond at the 

bridgehead (Bredt's rule). As a complement to the 

above study we now present kinetic measurements of the 

thermal decomposition of 4-hydroxy-4-methyl-2-pentanone, 

4-deuteroxy-4-methyl-2-pentanone, 4-hydroxy-4-methy1-2-

-pentanone d-11; ethyl 3-hydroxy-3-methyl-butanoat&, 

ethyl 3-deuteroxy-3-methyl-butanoate, and ethyl 3-hydro-

xy-3-methyl-d3-4,4,4-d3-butanoate/ with the purpose of 

studying both the possible primary kinetic deuterium 

effect and the cumulativo •-deuterium effect. 
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RESULTS 

Dilute xylene solution of 6-hydroxy ketones 

and diluted toluene solution of «-hydroxy esters were 

pyrolyred in sealed tubes at 178.1°C end 206.0°C res* 

pcctively. Quantitative analysis» using gas-liquid 

chror.atc?raohy of the products of the thermal decompo

sition of 5-hydroxy ketones, showed that acetone is by 

far the principal product of the reaction, with a yield 

of 95%. This product was identified by its gle retention 

tino, and by a 2,4-dinitrophenylhydrazone derivative. 

TABU X 

3at# Ccnttjnts «ad Klncete Xsotop* effect ef PyroXysls 
of 3-Rydrox? Ketone (179.1°C) 

i-SvJroxy'<»tcr.e 

«-".•:"fc:'.y-i-rcthyl-2-e«ntJinoii» 
*-!: ::*-?z?rc7-4-r>sthyi-2»;eritaBOii« 

4-K/droxy—;-r»thyI«»2-iK»r.tanon« d - l l 

•04k «ee* 1 

1.13 
0.5*7 
0.601 

V»D 
» 

1.9t 

l . M 

The sane analysis was applied to the thermal 

decomposition of 6-hydroxy esters, where the ketone and 

ethyl acetate are the principal products of the reac

tion. Each reaction was followed to at least four 

half-lives. Good first-order kinetics were observed, 

the first-order plots being linear for all the periods 

during which the reaction was followed. 
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TABU IX 

•ate Constants and Kinetic Isotope Effect of ?yrolysis 
of g-RytrOKy Esters (20t°C) 

t-Hydxoay Esters lOTc sec • ^V^S 

Ethyl~3-hydroxyO-aethylbuta»oata 2.7* 
Sthyl-3>oeut*roxy-»2-cwUiylbtttaaoat* 1.40 1.9? 
EthylO-hydroxy-J-aethyl.-<tj-4,4,4-43 botaaoete ' I.B2 1.52 

DISCUSSION 

It has previously been shown2'3 that the 

pyrolyses of 0-hydroxy esters and 8-hydroxy ketones are 

closely related; 8-hydroxy esters pyrolyze to a mixture 

of esters and aldehydes or ketones, as expected if the 

reaction followed a mechanism similar to that proposed 

for the pyrolysis of $-hydroxy ketones. Furthermore, 

the kinetic* obtained for the pyrolysis of the 3-hydroxy 

esters are very similar to those obtained for the pyro

lysis of s-hidroxy ketones; both reactions appear to be 

monomolecular with negative entropies of activation in 

the range of -8.7 to -12.6 eu.1'3 These values are 

typical of uniraolecular reactions that are thought to 

involve cyclic transition states.6 

It was previously observed that2 at 200°C 

xylene solutions of 4-hydroxy-4-raethyl-2-pentanor.e, py-

rolyzes 360 tiroes faster than the analogously substi

tuted ethyl 3-hydroxy-3-methylbutanoate. The mechanism 

shown above is consistent with this result because 

formation of an enol from an ester is more difficult 

than from a ketone. 



The results for the primary isotope effect, 

suggest that the previously proposed six-membered cyclic 

transition-state, characterised by partial bonds between 

H (or D) and the two oxygens of the carbonyl and the 

hydroxy 1 is correct. It is known that the magnitude of 

ths primary isotope effect in a hydrogen-transfer reac

tion varies with the symmetry of the transition state 

and is at maximum when the hydrogen is symmetrically 

bended to the atoms between which it is being transferred. 

Soce doubts have been expressed about this -
o 

hyoothesis, but in the previous cases it was considered 

that the hydrogen-transfer is linear. In our case, the -

hydrogen-transfer is not linear. The 0-H bond is not 

stretched to its breaking point but it does bent, so that 

the hydrogen atom may become attached to another part of 

the molecule. It is the bending rather than the stret-
9 10 ching which is converted to translational motion. ' 

Since vibration frequencies for bending are much lower 

than those for stretching the zero-point energy lost in 

the transition state will be small and therefore the 

primary kinetic deuterium effect should be small. 

By observing the value of the kinetic Ô-deute

rium effect, it is most probable that these data repre

sent small 6-secondary isotope effects, so no H(or D) 

attached to the carbons would be lost in the rate-con

trolling step of the reaction, but it is conceivable 

that these effects could represent primary effects for 

only one of the C-H(C-D) bonds. 
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EXPERIMENTAL 

e-Hyároxy ketones were obtained by the aldol 

condensation synthesis, e-hydroxy esters by the Reiorna-. 

tsky reaction, and deuteroxy compounds were obtained 

by stirring the corresponding f -hydroxy compound with 

99.5% D20. 

The kinetic method used was that described 

previously. A 2700 Varian Aerograph with thermal con

ductivity detector was used: Thermolysis was carried 

out in carefully washed glass tubesr 2 met i.d. and 50 ro 

length. The sealed ampules containing the 8-hydroxy 

ester (41 V/V) and benzene (4% V/V) as at» internal .stan

dard in xylene solution (92* V/V) were placed in a boi

ling solvent thermostatic bath whose temperature was 

checX*d t.»y using a standardised thermometer. At regular 

interval^ the ampules were removed and the amount of 

acetc e *nd ethyl acetate produced was determined by glc. 
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