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The Hydrolysis of 1,3-Dioxolan

and Its Alkyl Derivatives. Part IL

The Three Geometric Isomers of
2.4.5-Trimethyl-1,3-dioxolan

PENTTI SALOMAA and
ALPO KANKAANPERA

Department of Chemistry, University of
Turku, Turku, Finland

In continuation of the previous study of
the influence of structure on the kinetics
of hydrolysis of derivatives of 1,3-dioxo-
lan !, the present paper describes the syn-
thesis of, and kinetic data for the three
geometric isomers of 2,4,5-trimethyl-1,3-
dioxolan.

Experimental. The 2,3-butanediol employed
in the synthesis of the examined dioxolans was
a technical product (L. Light & Co., Ltd.)
consisting mainly of the meso form. The di-
form present as an impurity was removed by
careful distillation in a Todd precision fraction-
ation assembly. Only the middle distillate,
which crystallized in the receiver (b.p. 82—

SHORT COMMUNICATIONS

84°C/8 mm Hg; n}} = 1.4370), was employed
in the subsequent syntheses. The pure meso-
2,3-butanediol could be employed directly for
the preparation of two geometric isomers of
2,4,5-trimethyl-1,3-dioxolan, but the di-2,3-
butanediol required in the synthesis of the
third isomer was obtained from the meso form
by the following reaction sequence:

Ac,O
meso-2,3-butanediol __2_> meso-2,3-butanediol
. HBr . Ag ace-
diacetate —» dl-2,3-dibromobutane .—_5

tate . alkaline hyd-
—> dl-2,3-butanediol diacetate — 5.

rolysis
——> dl-2,3-butanediol

The diacetate of meso-2,3-butanediol and dl-
2,3-dibromobutane were prepared as described
by Wilson and Lucas 2, whereas the prepara-
tion of dI-2,3-butanediol diacetate and dl-2,3-
butanediol took place in principle by the me-
thod described by Winstein and Buckles 3. All
the intermediates and the final product di-2,3-
butanediol (b.p. 80°C/5 mm Hg) were carefully
purified by fractional distillation.

The isomers of 2,4,5-trimethyl-1,3-dioxolan
were prepared from acetaldehyde n-amyl acetal
and the 2,3-butanediols by a procedure similar
to that used to prepare 2,4-dimethyl-1,3-dioxo-
lans!. The 2,cis-4,irans-b-trimethyl-1,3-dioxo-
lan obtained from dI-2,3-butanediol had the
following physical constants: b.p. 103.2°C/749.9
mm Hg, n} = 1.3922, d”: = 0.8894,
[R)obs. = 31.11 ([R]calc. = 30.84).

When meso-2,3-butanediol was the starting
material, a mixture of 2,cis-4,cis-5-trimethyl-
1,3-dioxolan and 2,trans-4,trans-5- trimethyl-
1,3-dioxolan resulted. The components of the
mixture were separated by careful fractional
distillation. The physical properties of the
lower-boiling component, which was the 2,cis-
4,cis-5-form on the basis of kinetic and other
data, were b.p. 109.5°C/751.0 mm Hg,
n}) = 1.4007, dzf = 0.9123, [R]obs. = 30.91
(IR]cale. = 30.84) and those of the higher-
boiling component, 2,trans-4,trans-5-trimethyl-
1,3-dioxolan, b.p. 112.4°C/753.4 mm Hg,
n3) = 1.4038, d7’ = 0.9201, [R]obs. = 30.87
(IR]cale. = 30.84). The purities of the synthe-
sized 2,4,5-trimethyl-1,3-dioxolans were
checked by gas-chromatographic analysis.

The kinetic measurements were carried out
as described previously *.

The rate coefficients of the acid-cataly-
zed hydrolysis of the three isomers and
kinetic quantities calculated from them are
shown in Table 1. The assignations of the
structures of the isomers were made on the
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Table 1. Values of the rate coefficients & (1 mole~'s™'), activation energy E (kcal/mole), logarithm
of the frequency factor (log 4) and activation entropy 4S¥ (E.U.) for the acid-catalyzed hydro-
lysis of the geometric isomers of 2,4,5-trimethyl-1,3-dioxolan.

Parent glycol Dioxolan °C 10% . & E logA| 458+
|
dl-2,3-Butanediol 2,cis-4,trans-5-
Trimethyl-1,3-dioxolan 25 67.8 4+ 0.5
—»— —»— 35 225 4 2 21.40| 13.52| 4+ 1.37
—y— —»— 45 656 + 7
meso-2,3-Butanediol| 2,cts-4,ci8-5-
Trimethyl-1,3-dioxolan 4| 15 30.1 + 0.2
—y— —h— 25 108 +1 22.49| 14.52 | 4 5.93
—»— —»— 35 363 + 3
—n— 2,trans-4,trans-5-
Trimethyl-1,3-dioxolan ¢| 15 7.50 + 0.04
—n— —h— 25 24.6 + 0.2 22.77| 14.11| + 4.05
—_p— —»— 35 93.3 + 1.1

4 the lower-boiling isomer. b the higher-boiling isomer.

basis of the following independent infor-
mation.

The effect of polarity on the rate of
hydrolysis is naturally the same for all
three isomers and therefore the differences
in their rates of hydrolysis must be mainly
due to steric factors associated with the
opening of the dioxolan ring by the 4 1
mechanism of acetal hydrolysis. In accor-
dance with the explanation of the steric
effects suggested previously !, it may be
assumed that the rates of hydrolysis of the
three isomers increase in the sequence:
2,trans-4,trans-5-trimethyl-1,3-dioxolan <
2, cis-4,trans-5-trimethyl-1,3-dioxolan < 2,
cis-4,cis-5-trimethyl-1,3-dioxolan. This se-
quence is valid at least as far as the second
isomer is concerned because its structure
follows from its synthesis from dI-2,3-buta-
nediol (Table 1). The structures of the
other two isomers derived from meso-2,3-
butanediol are confirmed, apart from the
kinetic data, by their physical constants as
compared with those of the isomers of 2,4-
dimethyl-1,3-dioxolan 1. Of the latter iso-
mers, the lower-boiling isomer (the cis
form) hydrolyzed more rapidly and had a
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lower density and lower refractive index
than the higher-boiling isomer and the
same applies to the dioxolans derived
from meso-2,3-butanediol. In addition, one
must expect on the basis of the steric effects
discussed earlier ! that the 2,trans-4,trans-
5-trimethyl-isomer is less likely to hydro-
lyze more rapidly than the trans isomer of
2,4-dimethyl-1,3-dioxolan. This is borne
out by the rate coefficients at 25°C, which
are 5.07 X 10-%1mole-’s? for the latter and
2.46 X 1072 1 mole~!s7? for the former com-
pound. ~
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