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The conformational cis/trans equilibrium of 2-Acetylfuran has been studied by i.r. spectroscopy,
in various physical states. This equilibrium is strongly influenced by the dielectric constant of the
medium. The isomeric energy difference is very small as revealed by the insensitivity of the equi-

librium position to temperature changes.

Introduction

Infrared spectroscopy is a well-established tech- Tx

nique for investigating conformational equilibria,
especially in those cases where the equilibrium be-
tween the two conformers is established rapidly.

2-Acetylfuran is an attractive molecule for con-
formational studies by infrared spectroscopy since
its spectrum, from the pure liquid, contains a large
number of doublets, suggesting the existence of an
equilibrium between two forms. We report such a
study and relate the results to those previously ob-
tained by nmr spectroscopy ! 73. There is little agree-
ment among the nmr studies, especially as regards
the percentage of the predominant form present at
room temperature.

Experimental

2-Acetylfuran was a commercial product by
Aldrich. 2-Acetylfuran-dg was prepared with the
method reported in Ref. 4, starting from furan and
CD4COCI. Both samples were purified by vacuum
distillation and tested for purity by glc on a LAC
728 (diethyleneglycol succinate) column at 180 °C.

Spectra were recorded on a Perkin-Elmer grating
spectrophotometer model 521, with 5 x wavelength
expansion. NaCl cells of optical path length 0.1 mm
were used, connected to thermostated sleeves fed
by water from a ultrathermostat, capable of al-
lowing readings of 0.1 °C in temperature. The tem-
perature was measured with a copper-constantan
thermocouple in contact with the sample via win-
dows in the cell.

Since the peaks due to the two conformers over-
lap (Fig.1) the areas were integrated using the
methods reported elsewhere 5.
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Fig. 1. A typical pattern of doublets of 2-Acetylfuran in
various physical states. For CCl,, the solid line refers to a
0.1 M and the broken line to a 4.5 M solution.

All solvents used were first purified for spectro-
scopic measurements, as described in 6.

Results and Discussion

Conjugation between the furan ring and the
acetyl substituent in position 2 with respect to the
heteroatom causes the planar form of 2-acetylfuran
to be favoured. Under these conditions, two confor-
mations, i.e., O —0 cis and O— O trans, are pos-
sible given the electrostatic interactions set up be-
tween the heteroatom and the oxygen atom of the
acetyl group.
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This indeed appears to be the case, as shown by
the large number of doublets in the liquid-state i.r.
spectrum of the molecule (1294 —1282; 1168 -
1163; 1025—1010; 968 —957; 916 —906; and
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500 —492cm™!) and its deuterated derivative, 2-
acetylfuran-dg , and the differences in relative inten-
sity of the components of these doublets between
the liquid and solid state. Thus, in the solid state (at
liquid N, temperature) the higher frequency com-
ponents of the doublets are much more intense and,
for most of the doublets, those at lower frequency
are virtually absent. In solutions of the two iso-
topic compounds in organic solvents, the intensities
in the doublets depend on both the concentration
and the nature of the solvent. In particular, in dilute
solutions in non-polar solvents the lower frequency
component is more intense. On increasing the con-
centration, the relative intensities tend to shift to-
wards that of the pure liquid, where the doublet
components are of about equal intensity. An ana-
logous behaviour is found in solutions of the iso-
topic compounds in polar solvents such as CH3CN
and CH3OH, although the higher-frequency com-
ponent is slightly more intense than the lower fre-
quency one. A calculation of the electric dipole mo-
ments, based on known values for group moments,
leads to the conclusion that the trans form has the
lower electric dipole moment. The dipole moments
are estimated to be: wc=3.36 D and yrans =
2.74D7.

If we now assume that in solvents of low di-
electric constant such as CCl; the form with the
lower dipole moment predominates, then it follows
that the lower frequency components of the dou-
blets should arise from vibrations of the O — O-trans
conformer. It may be noted that in the gas-phase
spectra only the lower frequency component is ob-
served. If this assignment is correct, it further de-
monstrates that the trans form predominates in
media of low dielectric constant.

With increase in the dielectric constant of the
medium (solutions in polar solvents, the pure liquid
or very concentrated solutions in non-polar solvents)
the predominating form is that having a higher di-
pole moment, i. e. presumably the cis form. Further,
the experimental results indicate that the only forms
stable in the solid state, for both isotopic com-
pounds, are the O — O cis forms, the molecular vi-
brations of which constitute the higher frequency
components of the doublets. This conclusion is con-
firmed by the fact that for a structurally similar
molecule, 2-formyl-4-bromofuran, X-ray studies
show that the molecule is completely planar and the
formyl group is cis with respect to the heteroatom 8.
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We have attempted to follow the temperature de-
pendence of the conformational equilibrium, using
integrated band intensities, for both isotopic com-
pounds in the pure liquid and in CCly and CS, solu-
tions, between —25° and + 60 °C. However, the
relative intensities of the two components of the
doublets do not vary with temperature. This fact
indicates that the energies of the two conformers
are much the same and that 4H is ca. 0. Similar ob-
servations were made by Abraham and Siverns? in
a study of 2-formyl-furan in non-polar solvents.

The conformational equilibrium constants are
found from the relation:

K=Cy/C =455 /A, ¢,

where the symbols have their usual meaning. How-
ever, K cannot be directly calculated using this ex-
pression since the absorption coefficients for the two
conformers are not known. Hartman et al.!® have
developed a method which allows the ratio &/e,
to be found as the slope of the straight line obtained
by plotting the areas A; vs A, for the isomers at
different temperatures. Since in the present case
there was no appreciable thermal effect on the areas
of the two components, this methods cannot be ap-
plied. Nevertheless K could be evaluated, for diffe-
rent solvents, by measuring the ratio 4,/A4; directly
and assuming that, to a first approximation, & =¢, .
The validity of this assumption cannot be proved
‘a priori’, but finds support in the fact that (i) it
has been used successfully in many other cases (e. g.
see Refs.11:12 and (ii) measurements of integrated
areas carried out on the pairs of bands at 1291 —
1278 and 1171 — 1161 cm™! (in CCl,) gave values
for the equilibrium constant in excellent agreement
with one another.

Table 1 lists the K values obtained and the relative
percentages of the trans conformer, measured for
the pure diquid and in a series of solvents of dif-
fering dielectric constant.

It may be noted that the conformational equili-
brium constant depends heavily on the nature of the
solvent, decreasing greatly with increase in the di-
electric constant of the medium *. In addition, for
any single solvent, K decreases with increase in
solute concentration which, as mentioned above,
again corresponds to an increase in the dielectric

* The only anomalous solvent, benzene, is well-known to be
anomaleus in experiments such as these, always behaving
as if it were more polar then expected 13 14, The reason
for this behaviour is unknown.
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Table 1. Equilibrium constants and

Medium Dielectric Conc.2  vep-t g trans - Vem-t trans  %trans amount of trans form (%) of 2-ace-
- constant cis cis form thylfuran in various media.

cal, 2.24 112 20 343 Nal 340 7

cal, - 45.0 150 106 e 1m 51

CS, 2.64 156 120 291 ne 28 74

CeH, 2.28 158 joop 197 nes e 66

CH,CN  37.50 311 20 0.68 e o 41 S mulel—1%10; ¥ sudi vl wes
1294 1168 reported for 2-Formil-furan 9% 15;

Pure liquid 42.0b 1282 0.80 1163 0.81 45 ¢ the solvent absorption impedes

K evaluation in this case.

constant of the medium. These facts demonstrate
that the solvent plays an important role in changing
the position of the conformational equilibrium,
tending to preferentially stabilise particular confor-
mers of the solute molecule. Since the energies of
the conformers seem to be virtually identical (there
is no thermal effect on K, see above) although the
polarities of the two forms O — O-cis and O — O-trans
are greatly different from one another, we deduce
that this solvent effect arises from specific solute-
solvent interactions of the dipole type and not to
preferential solvation of one of the two forms.
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