902

Protonation of Acetone in
Aqueous Mineral Acid Solutions

PENTTI SALOMAA and HANNU KEISALA

Department of Chemistry, University of
Turku, Turku, Finland

The base strength of acetone has been
discussed in several recent articles. The
values given are, however, scattered over
nearly seven pK units. For example, the
following pK’s have been reported for the
conjugate acid of acetone at 25°C: —1.44
(estimated from the influence of added
acetone on the hydrolysis rate of ethyl
acetate '), —0.66 (calculated from the con-
ductivity of acid solutions containing small
amounts of acetone 2), —7.2 (determined by
indicator measurements in the ultra-
violet 3).

In connection with a kinetic study the
activity coefficient of acetone was measured
for a number of aqueous electrolyte solu-
tions using the distribution technique. As
the distribution of acetone between aque-
ous acids and an immiscible organic solvent
has a close relation to the protonation
equilibrium involved, the measurements
were extended up to solutions of fairly
high acidity.

The procedure used in the distribution
measurements was the following. A measured
volume (10 ml) of a standard acetone solution
in chloroform (about 0.1 M) was mechanically
stirred with an equal volume of the aqueous
solution in an all-glass apparatus equipped
with a thermostated jacket. After attainment
of the distribution equilibrium, which took
place in 10 to 16 h, the acetone concentration
of the aqueous phase was determined by an
improved iodoform method.* The concentra-
tion of acetone in the organic phase was then
calculated from the result of this analysis and
from the initial concentration in chloroform.
In a few cases the method was independently
checked by determining the acetone remaining
in the organic phase, whereupon conforming
values were obtained. Care was taken to
prevent any losses of acetone when neutralizing
moderately acidic solutions by cooling the
mixture below + 10°C during the neutraliza-
tion process.

Most of the results are shown in Fig. 1. The
distribution coefficient K is defined by

K = [Alorg/[Alaq
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Fig. 1. Distribution of acetone between chloro-
form and aqueous electrolyte solutions at 25°C.

where the subscripts refer to chloroform and
aqueous phases, respectively, and the concen-
trations are overall concentrations, irrespective
of the molecular status of the solute in the
phase in question. As the data for aqueous
sulfuric acid solutions are of particular interest,
these are given in detail in Table 1 over an
extended acidity range. All values are averages
of two to four determinations. The table also
records values for the H, acidity function for
the solutions used, as interpolated from the
tables of Paul and Long.5

Fig. 1 indicates that there is a pro-
nounced specificity in the electrolyte effects
on the distribution equilibrium and hence
on the activity coefficient of acetone in the
aqueous phase. Similar behavior is also
known from a number of other studies of
activity coefficients of neutral molecules in
electrolyte solutions.® The shapes of the
curves that relate to acid solutions indicate
that in these solutions acetone is still re-
maining in its unprotonated form. If the
protonation took place, one would expect
the overall distribution coefficient K to
begin to decrease more abruptly at a partic-
ular acid concentration, the curve assum-
ing a shape similar to that of a titration
curve, because the salt formed would be
but slightly soluble in the organic phase in
comparison to the unprotonated acetone.
The pK value of —0.66, derived for the
conjugate acid of acetone from changes in
conductivity,? would mean that acetone
were half-protonated in about 15 9 sul-
furic acid, in 16 9, perchloric acid and in
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Table 1. Distribution coefficient of acetone
between chloroform and aqueous sulfuric acid

at 25°C.
% H480, H, K

0 — 4.64

5.0 +40.11 4.85
10.0 —0.31 5.05
19.9 —-1.00 5.20
29.7 —1.70 4.97
39.6 —2.37 3.65
44.3 —2.79 3.07
49.1 —3.28 2.18
53.8 —3.78 1.454
63.3 —4.84 0.836
68.1 —542 0.681
70.4 —5.70 0.626
72.7 —6.00 0.577
75.1 —6.31 0.507
77.4 —6.62 0.440
79.7 —6.93 0.371
82.0 —17.27 0.310
86.7 —17.87 0.229
91.2 —8.41 0.196
95.8 —8.88 0.187

7 % hydrochloric acid. It is seen from
Fig. 1 that there is no exceptional activity
behavior of acetone in this acidity range
and therefore the protonation must occur
at higher acidities.
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Fig. 2. Distribution of acetone between chlo-

roform and moderately concentrated sulfuric
acid solutions at 25°C.

Acta Chem. Scand. 20 (1966) No. 3

903

Fig. 2, which illustrates the changes of
the overall distribution coefficient K in
relatively concentrated sulfuric acid solu-
tions, reveals that above 70 9% acid the
curve takes an abnormal shape, the value
of K beginning to decrease more steeply.
If this is due to the protonation, the distri-
bution coefficients should enable an estima-
tion of the base strength of acetone.

The pK value of the conjugate acid of
acetone, or more strictly, the H, value of
half-protonation, is given by

pKau+ = H, + log(lAH+]/[A])

If K, denotes the distribution coefficient of
the unprotonated form and if the concen-
tration of the protonated form is negligible
in the organic phase, one obtains

K,|K—1 = [AH*]/[A]

A method to calculate K, is to use an
equation based on experimental values of
K at acidities in which acetone still remains
unprotonated. In 45 to 70 9, sulfuric acid,
the data give an accurate fit to the empiri-
cal equation

Hg2 + 10.575 H,K, + 10.131 H, +
23.22 K, + 48.41 = 0

If this equation is approximately valid for
K, also in the range in which the protona-
tion occurs, one can calculate the following
pK values for the conjugate acid of acetone,
as interpolated for equal H, intervals:

H, pKau+
—6.60 —1.3,
—6.80 —17.2,
—17.00 -1.3,
—17.20 —17.3,
—17.40 (—17.4,)
—17.60 (—17.6,)

At relatively high acidities the calculated
pK’s show a trend to lower values. An
obvious reason is that the empirical extra-
polation function becomes less accurate
when used for relatively long extrapola-
tions. In addition, small amounts of mesityl
oxide may be formed interfering with the
experimental determination of K when
relatively high sulfuric acid concentrations
are approached.’

The pK value estimated above, —7.3,
is in a substantial agreement with the value
of —17.2, calculated by Campbell and Ed-
ward ® from independent indicator meas-
urements. .
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A Note on the Constitution of the
Diterpene C3oH3303 from
Solidago canadensis L.
THORLEIF ANTHONSEN

Organic Chemistry Laboratories, Norway
Institute of Technology, Trondheim, Norway

n 1947 Houston and Burrell ! described

a diterpene C,.H,,O; (I) from the roots
of Solidago canadensis L. The m.p. of the
primary crystals was 89 —90°C, changed to
131—132°C on recrystallisation. The diter-
pene was devoid of carbonyl functions and
did not react with metallic sodium in
benzene.
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During investigations of members of
Compositae for acetylenes S. canadensis
also has been investigated. The plant was
seemingly devoid of acetylenes, but the
diterpene described by Houston and Burrell
was 18olated in good yields and was studied
by spectroscopic methods and some pre-
liminary chemical reactions also were
carried out.

In a recent note Gerlach? reports in-
vestigations on the same diterpene (I) and
proposes the constitutional formula (II).

OH

o (ID)

It is remarkable that formula (II) gives
C,0H,603, M = 314, whereas Gerlach’s own
analysis agrees with that given by Houston
and Burrell, C,,H,,0;, M = 316, and this
is also found by Gerlach’s mass spectro-
scopic measurement. We have obtained the
same molecular peak 316 and so the
C,oH,,0; formula for (I) is fully confirmed.

Although our spectroscopical data mostly
agree well with those of Gerlach, our inter-
pretation does not allow any of the ele-
ments contained in (II).

The UV-spectrum of (I) has one sharp
band at 222 mpy (Gerlach gives 224 my)
quite incompatible with formula (IT), which
would be expected to show strong absorp-
tion in the 295 my and 250 myu ranges
(expected ¢ about 2000 and 14 000).

Our NMR-spectrum, cf. Fig. 1, agrees as
to position of the bands to the values given
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Fig. 1. NMR-spectrum of Solidago diterpene C,;H,;0, in CDCl,; 60 Me, Varian A 60; 100 Mc,
Varian HA 100.
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