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The Acetolysis of Esters 
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The reactions of carboxylic esters with water 
and alcohols in the presence of acidic and basic 
catalysts have been studied in great detail, and 
the mechanisms of these reactions are fairly well 
understood in broad outline.2 However, the reac
tions, of esters with carboxylic acids, which may 
be considered as formally similar but less basic 
hydroxylic solvents have received less attention. 
The acidolysis of esters leads to ester interchange 
reactions in which the acid parts of the esters are 
exchanged. 

R'COOR + R"COOH ^ Z t R"COOR + R'COOH 
Examples of this interchange may be found in 
the reactions of a series of esters with stearic 
acid,3 in the acetolysis of esters of />-methoxybenz-
hydrol and of substituted allylic alcohols,4 and in 
the acetolysis of esters of primary and secondary 
alcohols.5 

Previous attempts to effect the acidolysis of 
esters of tertiary alcohols have led only to their 
decomposition.3 We also found that, when /-
butyl benzoate was boiled in acetic acid in the 
absence of added catalysts, decomposition took 
place. In one experiment, after twenty hours of 
boiling, 17% of /-butyl benzoate, and benzoic 
acid, accounting for 87% of the remainder, were 
recovered. /-Butyl acetate, the product of ester 
interchange, was obtained in only 8.5% yield. 

The desired ester interchange was readily ob
tained when the reaction was carried out at room 
temperature in the presence of a catalyst. A solu
tion of /-butyl benzoate and £-toluenesulfonic acid 
in acetic acid was allowed to stand for two days, 
and was then treated with potassium acetate and 
fractionated. /-Butyl benzoate was recovered 
(25%), and /-butyl acetate, benzoic acid and iso-
butene were obtained in 65, 61 and 6.5% yield, 
respectively, based on consumed /-butyl benzoate. 
When this reaction was carried out at the boiling 
point, acetolysis was rapid, being 76% complete, 
in two and one-half hours, but no /-butyl acetate 
was found. The formation of this product de
pended on a low reaction temperature and prob
ably was not due to an acid catalyzed addition of 
acetic acid to isobutene. 
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When a solution of x-propyl benzoate in acetic 
acid, containing ^-toluenesulfonic acid, was boiled 
for twenty-four hours, 69.7% of the ester was re
covered, and benzoic acid and i-propyl acetate, 
accounting for 57 and 58% of the remainder were 
isolated. Propylene was not detected. The 
acetolysis of i-propyl benzoate was much slower 
than that of /-butyl benzoate, and it was not com
plicated by olefin formation. When ethyl and 
methyl benzoates were tested under the same con
ditions, no evidence of acetolysis was found, and 
the starting materials were recovered in 88% yield. 

This marked relative sensitivity of esters of /-
butyl alcohol to carboxylic adds may in part ac
count for the fact that all attempts to resolve ter
tiary alcohols through their acid phthalates have 
failed. 

Thus, we find that, in the acid catalyzed ace
tolysis of esters, the tertiary alcohol ester is most 
reactive, the secondary is less reactive, and, under 
comparable conditions, the primary alcohol esters 
are inert. In reactions which proceed by co
ordination of a basic reagent or a hydroxylic sol
vent at the carbonyl carbon atom of an ester the 
inverse order of reactivity is found. Thus, in the 
base-catalyzed alcoholysis and hydrolysis of esters, 
and in the acid catalyzed hydrolysis and alcoholy
sis of esters of primary and secondary alcohols, 
the esters of primary alcohols are most reactive.2 

The order of reactivity which we find in the acid 
catalyzed acetolysis is the same as that for the 
solvolytic reactions of the corresponding alkyl 
halides,6* or for the formation of the alkyl car-
bonium ions.6b I t is found in no other reactions 
of carboxylic esters with hydroxylic solvents and 
indicates that a mechanism is operative which is 
not generally found in the other reactions of esters. 

The reactions which are involved in the acid 
catalyzed acetolysis may be depicted adequately 
by the following mechanism, which seems prefer
able to that of Sowa,6 in view of the observed 
order of reactivity. 
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o 
C H 3 C - O + C ( C H s ) 3 + A" ^±. CH3COOC(CHa)2 + HA 

H 
(4) 

+ C(CHs)3 + A - ^ Z t CH2=C(CH3J2 + HA (3a) 

In equation (1), the acid HA may be the solvated 
proton, CH3COOH2

+, or a toluenesulfonic acid 
molecule or an acetic acid molecule. The ioniza
tion (2) occurs at room temperature in the ter
tiary ester but only at higher temperatures in the 
case of the secondary ester. Reaction (3a), the 
alternative reaction of the tertiary carbonium ion 
intermediate, involving the rupture of a carbon 
hydrogen bond, may well have a somewhat higher 
activation energy than reaction (3) and be favored 
at higher temperatures.7 

This mechanism is similar to that which was 
suggested for the acid catalyzed hydrolysis and 
alcoholysis of esters of tertiary alcohols.8 In the 
acetolysis, it is also found in the reactions of esters 
of secondary alcohols, the formation of the second
ary carbonium ion comparing favorably in rate 
with alternative feasible reaction course, the addi
tion of a solvent molecule to the carbonyl group 
of the ester. This addition, leading to the inter
mediate formation of an acid anhydride, would be 
expected to be quite slow because of the low basic
ity of the solvent, acetic acid. In the acid hy
drolysis of esters of secondary alcohols the addi
tion of a water molecule to the carbonyl group is 
relatively fast because of the greater basicity of 
water and reaction by this mechanism predomi
nates. 

An example of a base catalyzed acetolysis of an 
ester was found. Ethyl butyrate was found to 
undergo no reaction when boiled for eight hours in 
acetic acid in the presence of potassium acetate. 
However, when butyl trichloroacetate was treated 
similarly, acetolysis occurred. Starting material 
(55%) was recovered, and butyl acetate, account
ing for 65% of the remainder was obtained. 

This reaction may proceed by displacement of 
the trichloroacetate ion by attack by the acetate 
ion on the alkyl carbon atom, much as a toluene-
sulfonate group may be displaced.9 Such a re
action may be favored because of the strength of 
trichloroacetic acid. Alternatively, the reaction 
may involve attack on the carbonyl carbon atom 
by an acetate ion, forming a mixed anhydride of 
acetic and trichloroacetic acids as an intermediate. 
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CH3COO- + C(Cl) 3 C-OC 1 H, 7 - * " 
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C H 3 C - O - C C C l 3 + -OC 4H, 
S u c h a r e a c t i o n m a y b e f ac i l i t a t ed in t h i s case be 
c a u s e of a c t i v a t i o n of t h e c a r b o n y l g r o u p b y t h e 
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trichloromethyl group. More will be known about 
the mechanism when the reactions of optically ac
tive secondary octyl trichloroacetate will have 
been studied. 

Experimental 
Acetic Acid-Acetic Anhydride Solvent—A solution of 

20 cc. of Eastman Kodak Co. acetic anhydride in 350 cc. 
of reagent acetic acid was boiled for two hours and allowed 
to stand for at least one day before use. 

Catalyst Solution.—A portion of catalyst solution was 
prepared by boiling a solution of 2 g. of ^-toluenesulfonic 
acid in 10 cc. of acetic acid and 10 cc. of acetic anhydride 
for two and one-half hours. 

/-Butyl benzoate was prepared in 86% yield by the 
method of Norris and Rigby,10 b. p. 91.3° (7.5 mm.), nwD 
1.4910. 

Acetolysis of /-Butyl Benzoate.—(1) A solution of 40.5 
g. of /-butyl benzoate in 57 g. of acetic acid-acetic an
hydride was boiled for twenty hours. The material boiling 
over a range to 74° (139 mm.) was collected and from it 
was obtained /-butyl acetate, b. p. 98-102°, »2 5D 1.3840, 
1.85 g.,' 8.5% yield. From the residue there were recovered 
/-butyl benzoate, b. p. 98° (11 mm.), 7 g., 17% yield, and 
benzoic acid, m. p. and mixed m. p. 121-122°, 19.9 g., 
87% yield based on unrecovered ester. 

(2) A solution of 15.7 g. of /-butyl benzoate and one-
half of a portion of toluenesulfonic acid catalyst solution 
in 30.5 g. of acetic acid was prepared. A part of this was 
boiled for two and one-half hours and fractionated. No 
/-butyl acetate was detected, and benzoic acid was ob
tained in 76% yield. The remainder of the original solution 
was allowed to stand for two days at room temperature. 
One gram of potassium acetate was added and the solu
tion was fractionated. /-Butyl benzoate, the starting 
material was recovered in 2 5 % yield, b. p. 104° (13 mm.). 
A small quantity (0.25 g.) of a liquid with the character
istic odor of isobutene, boiling below 0° and above —20° 
was found. Benzoic acid, m. p. and mixed m. p. 121.5-
122.5°, and /-butyl acetate, b. p. 97.6-100.6°, n«D 1.3839 
were obtained in 61 and 52.5% yield, respectively. The 
content of /-butyl acetate in an intermediate fraction raised 
the estimated yield of this product to 65%. 

Acetolysis of i-Propyl, Ethyl and Methyl Benzoates.— 
The esters obtained from Eastman Kodak Co., were dried 
and distilled. The boiling points were 106.5-107.5° (21 
mm.), 103° (22 mm.), and 91° (21 mm.), respectively, 
and the refractive indices were K25D 1.4924, «20D 1.5055, 
and n2,D 1.5174, respectively. 

A solution of 30 g. of i-propyl benzoate and a portion of 
the catalyst solution in 62 g. of acetic acid-acetic anhydride 
was boiled for twenty-four hours. No propylene was 
detected in a dry-ice trap. Fractionation, and bicarbonate 
extraction of the benzoic acid led to the recovery of i-
propyl benzoate, b. p. 107° (22 mm.), »2 6D 1.4916, 20.9 g., 
/-propyl acetate, b. p. 87.6-90.0°, M25D 1.3758, 3.3 g. and 
benzoic acid, 4.07 g. 

When ethyl and methyl benzoates were treated simi
larly, neither benzoic acid nor ethyl or methyl acetates 
were recovered. The starting materials were obtained in 
88% yield. 

n-Butyl trichloroacetate was prepared by the method of 
Palomaa, Salmi and Kor te ," b. p. 97-99° (19 mm.), «2 5D 
1.4496, 89% yield. 

Acetolysis of Butyl Trichloroacetate.—A solution of 
0.465 mole of freshly fused potassium acetate, 5 cc. of 
acetic anhydride, and 0.465 mole of butyl trichloroacetate 
in 100 cc. of acetic acid-acetic anhydride was warmed on 
the water-bath for eight hours. Part of the solution was 
boiled out, 103 g., boiling to 123°. The distillate and 
residue were each washed with sodium bicarbonate solu
tion and with water, extracted with ether, dried and frac
tionated. Butyl trichloroacetate was recovered, 0.255 
mole, 94°.(17 mm.), 55%, and butyl acetate was obtained, 
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b. p. 125.6-126.9°, » M D 1.3940, 65.7% yield based on 
unrecovered butyl trichloroacetate. 

Treatment of butyl trichloroacetate with acetic acid at 
115° for nine hours in the presence of £-toluenesulfonic 
acid led to no products of acetolysis. Butyl trichloroace
tate was recovered in 9 3 % yield. 

A solution of 56 g. of ethyl butyrate, 48 g. of fused potas
sium acetate and 5 cc. of acetic anhydride in 100 cc. of 
acetic acid-acetic anhydride was boiled for eight hours. 
No evidence of ethyl acetate was found. Ethyl butyrate 
was recovered, 119-120.5°, »20D 1.3923, 48.3 g., 86%. 

Summary 
The results of a qualitative study of the effect of 

structure of the alkyl group on the acetolysis of 

The heat capacity of KH2PO4 is of particular 
interest since this salt has unusual dielectric 
properties at low temperatures. Busch2 found 
that KH2PO4 is similar to Rochelle salt in that it 
has an electric Curie point: below this tempera
ture, the salt is spontaneously polarized along the 
c-axis. The electric properties of Rochelle salt, 
KH2PO4 and KH2AsO4 are very similar to the 
magnetic properties of ferromagnetic substances,3 

and anomalies in the heat capacities of these sub
stances are to be expected near the Curie points. 
The recent investigations of the heat capacity 
of Rochelle salt by Hicks and Hooley4 and by Wil
son5 have shown that any anomalous increase in 
the heat capacity of this salt at the Curie points 
must be less than one per cent, of the total heat 
capacity. Professor Hans Mueller called our at
tention to the fact that KH2PO4 should have an 
easily detectable anomaly at the Curie point since 
this crystal has a much larger permanent polariza
tion than Rochelle salt, and at his suggestion we 
have measured the heat capacity of this sub
stance. 

While these measurements were being made, a 
theory of the transition, derived from a considera
tion of the arrangement of the hydrogen bonds in 
the crystal, was proposed. The entropy change 
predicted from theory is in agreement with the 
experimental value reported in this paper. Con
firmation of the theoretical entropy change has 
also been obtained from a later study of the transi
tions in KH2AsO4 and NH4H2PO4. 
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(2) G. Busch, HeIv. Phys. Ada, 11, 209 (193S). 
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esters are reported. In the acid catalyzed acetoly
sis of esters of benzoic acid, the /-butyl ester was 
found to be quite reactive, the i-propyl ester, less 
reactive, and the ethyl and methyl esters, inert 
under comparable conditions. In the base-cata
lyzed acetolysis, a typical aliphatic ester was 
found to be inert, while butyl trichloroacetate 
was reactive. These reactions lead to ester in
terchange by the exchange of the acid parts of the 
esters. The mechanisms of these reactions are 
discussed. 
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Material.—The salt was of c. P. reagent qual
ity and contained less than 0.03% impurities6 

other than water. The salt was dried over phos
phorus pentoxide and in vacuum; the heat ca
pacity measurements in the neighborhood of the 
ice point show the absence of water. The per
centage loss of weight on ignition to KPO3 was 
13.29; theoretical, 13.24. The material used for 
the measurements consisted of small crystals 
approximately 1 X 0.2 X 0.2 mm. 

All measurements were made on a single calo
rimeter loading of 104.923 g. in vacuo, or 0.7710 
mole. The molecular weight of KH2PO4 was taken 
as 136.09. 

Method.—The apparatus and method of 
measurement have been described previously.7 

It is of interest that the calorimeter is the same as 
that used by Hicks and Hooley4 for their measure
ments on Rochelle salt. 

The temperatures were measured by means of a 
platinum-rhodium resistance thermometer-heater 
which had been calibrated previously against a 
helium gas thermometer.8 The ice-point resist
ance of this thermometer was measured during 
this investigation, and no appreciable departure 
from the original calibration value was found. 

At the conclusion of these measurements and 
corresponding measurements on KH2AsO4, the 
heat capacity of the empty calorimeter was re
determined. The new measurements are some
what better than the previous ones due to im
provements in the apparatus and are within the 
limits of accuracy of the older measurements. 

The resistance thermometer and thermocouple 
readings were taken on a new Wenner potenti-

(6) Prof. S. G. Simpson of the Analytical Division of the Chemis
try Department, M.I.T., kindly performed the quantitative analyses. 
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