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Conformational Analysis of Organic Carbonyl Compounds. Part 6. ° Theoretical
Examination of the Conformational Properties (Ground and Transition States)
and Solvent Effects on 2-Formyl-furan, -thiophene, and -pyridine

Rois Benassi, Ugo Folli, Luisa Schenetti, and Ferdinando Taddei
Dipartimento di Chimica, Universita, Via Campi 183, 41100 Modena, [taly

ab-initio MO calculations in different AQ basis sets and with full geometry optimization were performed
on 2-formyl-furan, -thiophene, and -pyridine. The energy content of more stable conformations and
transition states for conformer interconversion, located as saddle-points in the potential energy surface,
was obtained. The relative conformer stability is correctly predicted in the STO-3G minimal basis set and
in the more extended 3-21G and 6-31G (tested only for the furan derivative) basis sets, yet energy
differences between conformers close to the experimental ones are obtained only when the extended
sets are employed. A minor effect on the energetics of these molecules is caused by geometry
optimization. On the molecular geometry the effect of AO-basis set implementation is significant only as
regards the exocyclic C-C bond length, which is shorter in the larger set. An analysis of the effects
which can determine the relative conformer stability shows that electrostatic interactions, estimated from
calculated atomic point charges, are mainly responsible for the difference in behaviour, observed
experimentally, of the conformational equilibrium in these compounds. Using the classical solvent effect
theory, the contribution of electrostatic and dispersion solute—solvent interactions and cavity formation
to the solvation energy of the ground- and transition-states was calculated: the most important
contribution comes from electrostatic effects, as can be seen in previous approaches where only this term
has been taken into account. The calculated solvation energies are strongly dependent on the dipole
moments for ground- and transition-states, but nevertheless the trend of the experimental solvent effects
on the conformational equilibrium is correctly predicted from a qualitative point of view, for the three
derivatives examined. The effect of solvent polarity on activation energies was also obtained and enables
comparison of the behaviour of the compounds examined, even though an experimental comparison and

a qualitative agreement could be found only in the case of furan-2-carbaldehyde.

Studies on the conformational properties of carbonyl
derivatives of aromatic compounds have been reported by us
in previous papers.'~* Theoretical analysis of the applicability
of MO methods used for predicting! the conformational
behaviour of these molecules, and experimental determinations
of conformer populations in formyl,>™* acetyl,>* and
benzoyl * derivatives of mainly five-membered heterocycles 3—>
have been the object of these studies.

The conformational situation of 2-formyl- and 2-acetyl-
derivatives of thiophene and furan is found3* to be largely
unchanged, as regards the preferential X,0-cis/trans orienta-
tion of the heteroatom X and carbonyl oxygen, on passing to the
corresponding benzo[b]furan and benzo[b]thiophene deriva-
tives. In thiophene-2-carbaldehyde®’ experimental results
from n.m.r.—Lis. (lanthanide-induced shifts) measurements show
the predominant presence (>90%) of the S,0-cis isomer, an
estimate which is in substantial agreement with those from
nematic phase® and '3C chemical shift® approaches, and
from dipole moments and Kerr molecular constants.!%!! The
conformational composition does not appear to be significantly
dependent upon the nature of the solvents.!?-'* Furan-2-
carbaldehyde behaves differently however. N.m.r. spectro-
scopic techniques,'>'4-1¢ ir  spectroscopy,!’ and dipole
moments'! show the O,0-cis, O,0O-trans isomer ratio to be
closely dependent on the polarity of the solution. In the case of
pyridine-2-carbaldehyde the experimental evidence from
nm.r.'82! and microwave spectroscopy?? and dipole
moments 2324 indicate that the N,O-trans isomer prevails in
solution and that the solvent exerts no significant effect on this
preference. From preliminary n.m.r. studies on 2-formyl-
quinoline ?® it appears that this situation is maintained even
in this molecule.

The difference in stability of the X,O-cis/trans isomers of these
formyl heterocycles has been attributed 2°-26-32 to a balance of
several effects which, in the absence of relevant steric inter-
actions, can be summarized as follows: (a) t-conjugation of the
C-0O bond with the heterocyclic ring and () stabilizing or
destabilizing electrostatic interactions involving the carbonyl
oxygen and the ring heteroatom. Factor (a) should, in the most
favourable situation, involve 3-26-27 a trans arrangement of the
C=0 and the adjacent bond of the ring in which there is a higher
n-electron density; however, this is contrasted by the degree of
aromatic character or n-delocalization of the ring,®-'!-2° which
is expected to be lower in furan and thiophene than in benzene
and pyridine. The lower barriers for internal rotation in 2-
formylpyridine 2° and benzaldehyde3° with respect to the 2-
furan®-'* and 2-thiophene ® analogues support this hypothesis.
The effect in (b) should be closely related to the electric dipole of
the conformers and should also be responsible for the influence
of solvents '4-26-27 on their relative amounts: solvents with high
dielectric constants should stabilize the more polar conformer.2”

In the present study we report an estimate of the energy
content of the conformers and transition states of these
molecules based on ab-initio MO calculations. The aim was to
set a reasonable upper limit for the basis set from which reliable
results could be obtained regarding the relative molecular
complexity of these systems. This would enable us to interpret
and predict experimental behaviour. At the same time, we
intended to follow the changes in the geometrical parameters of
energy minimization at different levels in order to obtain
conformer geometries for use as input parameters for conform-
ational analysis, which are not experimentally available.
Finally, we wished to examine the relative importance of factors
(a) and (b) with regard to the stability of the X,O-cis/trans
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ground states of 2-formyl-furan, -thiophene, and -pyridine, and
to attempt a rationalization of the different relative stabilities of
the ground states of these molecules to different solvents.
Solvation energies were calculated by the classical approxima-
tion of the ‘continuum model’*> based on the solvent effect
theory given by Sinanoglu.3*

Results and Discussion
The ab-initio MO calculations were performed using
GAUSSIAN-80 and GAUSSIAN-82 programs*® on VAX-750
and CRAY-X-MP/12 computers. The internal basis sets of the
programs used were STO-3G, 3-21G, and 6-31G. The molecular
geometry was optimized by the gradient method given by
Berny 35-3% and the Murtaugh-Sargent 37 technique, included in
the standard calculation packages.>®

In previous theoretical studies of the conformational
properties of derivatives (1)—3), ab-initio MO calcula-
tions,!-19:26-32-38.39 yere mainly carried out using a minimal
STO-3G basis set, with partial geometry optimization.!-32-39
The relative stability of X,0-cis/trans ground states and the
energy barrier to conformer interconversion were obtained and
discussed in terms of the electronic structure of these molecules.
Agreement between the calculated and experimental orders of
conformer stability was obtained, yet it was pointed out !!° that
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basis set implementation and/or full geometry optimization
seemed to be necessary to reach results more quantitatively
reliable for comparison with experimental measurements. Thus
we first checked the effect of optimization of all the geometrical
parameters of the derivatives (1)—(3) on the minimal STO-3G
and on the more extended 3-21G basis set. This was done for the
X,O-cis,trans ground states, and also for the transition state,
which was localized as a saddle-point in the potential energy
surface. The final structural parameters are collected in Table 1,
where the results, relative to the minimal basis set (STO-3G),
have been reported only for furan-2-carbaldehyde. The
differences between the structural parameters obtained in the
two levels are small [as can be seen in Table 1 for derivative (1)],
except for a significant reduction, from 1.50—1.45 A, of the
exocyclic C—C bond as a consequence of basis set implement-

Table 1. Structural parameters relative to the optimized geometries of derivatives (1)—(3)

Compound
g A Al
1M 2) 3)
I —A N O A Y A N

Molecular state:* trans-GS cis-GS TS trans-GS  cis-GS TS trans-GS  cis-GS TS

Basis set: STO-3G 321G STO-3G 3-21G STO-3G 321G 321G 321G 321G 321G 321G 3-21G
Bond length/A
X(1)-C(2) 1.380 1.380 1.380 1.377 1.380 1.378 1.796 1.791 1.800 1.327 1.330 1.328
X(1)-C(5) 1.371 1.372 1371 1.370 1.376 1.382 1.789 1.787 1.796
N(1)-C(6) 1.329 1.325 1.330
C(2)-C(3) 1.349 1.344 1.349 1.346 1.343 1.338 1.340 1.341 1.335 1.380 1.380 1.382
C@2)-C(7) 1.501 1.449 1.501 1.451 1.524 1.487 1.458 1.452 1.485 1.479 1.484 1.500
C(3)-C@4) 1.439°%  1.440°  1.438°  1.439° 1.444° 1.449° 1.437% 1439  1.447° 1382 1.385 1.383
C(4)-C(5) 1.343 1.345 1.343 1.346 1.339 1.339 1.339 1.340 1.334 1.385%  1.381°  1.384°
C(5)-C(6) 1.384 1.387 1.382
C(3)-H(3) 1.079 1.067 1.079 1.066 1.078 1.065 1.069 1.071 1.070 1.069 1.07t 1.071
C(4)-H@4) 1.077 1.064 1.077 1.064 1.077 1.064 1.069 1.069 1.069 1.071 1.071 1.071
C(5-H(5) 1.083 1.062 1.083 1.062 1.082 1.062 1.066 1.066 1.065 1.070 1.070 1.070
C(6)-H(6) 1.069 1.069 1.069
C(Ty-H(7) 1.103 1.082 1.103 1.085 1.104 1.082 1.083 1.085 1.083 1.082 1.087 1.084
C(7-0O(7) 1.222 1.212 1.221 1.209 1.219 1.207 1.212 1.211 1.207 1.210 1.205 1.207
Bond angles/”
X(1H)-C(2)-C(3) 110.53 109.70 11048 10943  110.71 109.83  111.57 111.88 11146 12295 12230 12246
X(1)-C(5)-C4) 111.31 110,04 111.33 11005 111.16 109.73  112.11 11234 11179
X(1)-C(6)-C(5) 122.06 12232 122.38
X(1)-C(2)-C(7) 117.12 11823 11843 12046 117.09 11749 12286 120.79 120.74 116.77 11825 116.76
C(2)-X(1)-C(5) 105.64 10692 105.66 107.19 10559  107.01 89.01 88.90 89.15
C(2)-C(3)-C(4) 118.36  118.82  118.55
C(2)-N(1)-C(6) 11890 119.13  119.04
C(2)-C(3)-H(3) 126.56  125.80  126.69 12633 12699 12664 121.78 12302 123.14 119.1S 12020 120.36
C(3-C4)»-H#4) 120.61 120.58 12035
C(4)-C(5-H(5) 132.07 13343 13205 13344 13236 13401 127.70  127.22  128.07
C(5-C4)»-H@4) 127.09 126.63 127.14 12679 127.22 12684 123.44 12369  123.57
C(5)-C(6)-H(6) 11686 116,79 116.57
C(6)-C(5)-H(5) 120.12  120.21 120.35
CQ)y-C(T)-H(T) 113.89  113.38 113,00 11223 11506 11462 11539 11341 114.18 11318 11332 11421
CQ-C(1-O(N) 123.63 12386 12466 12586 123.52 12424  123.10 124.83 12482 12350 12522 124.56
X(1)-C(2)-C(7)-O(7) 180.00  180.00 0.00 0.00 90.41 86.02  180.00 0.00 88.95 180.00 0.00 82.31
C(3)-C(2)-C(T)-H(7) 180.00  180.00 0.00 0.00 90.13 8596  180.00 0.00 88.69  180.00 0.00 82.49

“GS stands for ground state and TS for transition state, cis and trans refer, in order, to the X,0-cis and X,0-trans conformers. * A dependent

parameter. shown for comparison.
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ation. Further, as regards the transition state, the dihedral
angles O(7)-C(7)-C(2)-O(1) and H(7}-C(7)-C(2)-C(3) in
derivatives (1) and (3) are notably smaller than 90°, while the
formyl group assumes an approximately perpendicular con-
formation in derivative (2). Apart from this peculiarity, the
geometry of the formyl group is not appreciably different from
that observed when the optimizaton is restricted to this part of
the molecule in derivatives'32 (1) and (2). Significant
differences are found for the exocyclic C—C bond length which
is almost identical in derivatives (1) and (2) and slightly longer
(0.02 A) in derivative (3); this bond becomes even more relaxed
in the transition state. The geometry of the heterocyclic rings
approximates to that obtained in the optimization of the
unsubstituted heterocycles >2-4? and is in satisfactory agreement
with experimental values,*!-*? where comparison is possible.

The geometrical features of these molecules allow us to
comment on the choice of the conformer geometries employed
in the analysis of their conformational equilibria with the li.s.
method. A value of 1.46 A for the C(2)-C(7) bond distance has
been employed ® with satisfactory results in the Lis. simulation
of furan-2-carbaldehyde and it seems reasonable to assume
that the bond lengths and angles are very similar in the two
isomeric ground states.

The results relative to the energy content of the molecules
examined and the calculated dipole moments are collected in
Table 2. The effect of different basis sets was tested and
geometry optimization at two different levels was also
performed. Relative conformer stability in agreement with that
obtained experimentally was obtained even in the minimal basis
set calculation (Table 2), while the calculated AE® values are
significantly lower than the experimental ones (comparison
refers to experimental AG® values). The effect of geometry
relaxation on the energy content of the molecular ground states
is small. This can also be seen by comparing the AE? relative to
compound (1) in the (STO-3G//STO-3G)* approach (—3.223
kJ mol-') with that reported in ref. 38 (—3.473 kJ mol!).
Implementing the basis set (3-21G//STO-3G) or (3-21G//3-

* The basis set on the left is that employed in MO calculations while
that on the right refers to the level of the optimized geometry employed.

21G) results in an increase of the AE? results which become
closer to the experimental AG® values. Further implementation
of the basis set (6-31G) checked for compound (1), employing
molecular geometries optimized in the lower bases, 6-31G//STO-
3G and 6-31G//3-21G, in the single-point approximation,*?
results in small and insignificant differences in the AE® values.
Thus, as regards geometrical parameters, basis set implementa-
tion (within the limits here investigated) significantly influences
only the exocyclic C-C bond of compounds (1)}—(3), while
appreciable changes are produced on the AE? values when the
minimal STO-3G is extended to the larger 3-21G set. However,
no further significant changes are obtained in further basis set
extension or in the optimization of the molecular geometry at a
higher level.

For derivative (3), as with derivative (1), basis implementation
enhances the AE® value, which becomes closer to the experi-
mental estimates (see Table 2), while for compound (2) these
changes are less relevant, as a comparison among the results of
STO-3G and 44-31G calculations has also shown.3?

The choice of an appropriate basis set appears to be of greater
relevance in the calculation of the energy barrier for internal
rotation, AE*. The AE* values obtained in the STO-3G set
are lower than the experimental estimates, while basis 3-21G
enhances the calculated value, as shown in Table 2. While for
derivatives (1) and (2) these estimates become closer to the
experimental energy barriers, for derivative (3) the calculated
value in the implemented basis set seems to exceed the
experimental estimate significantly. The effect of further basis
set extension, tested for compound (1), shows that with respect
to the lower 3-21G set, 6-31G only slightly decreases the AE®
value (~ 1.6 kJ mol™!), while AE* decreases significantly (5.9 kJ
mol '), closely approximating to the experimental barrier. In
the 6-31G basis set it is also possible to confirm that geometry
optimization at a level higher than that carried out for the STO-
3G set leads to minor changes in the AE® and AE* values. The
choice of the basis set thus seems to be important in the
calculation of the transition state energy and these calculated
values seems to be reliable only when extended sets are
employed.

Dipole moments relative to ground and transition states
were also obtained and are collected in Table 2. The correct
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Table 3. Electrostatic interactions calculated from ab-initio point charges (STO-3G//STO-3G approach) on atoms, using equation (1). The AE values

refer to E,, ., — E.; and are expressed in kJ mol!
Compound AELS AEyyc3) AEyy 103 AEy 5 x AEo7yc3) AEo7y 13 AEg) x I
(¢)) —5.402 0.457 —0.387 —2.330 1.009 —2.675 —2.574 —6.500
) 5.968 0.711 —0.643 0.467 0.605 —2.826 7.062 5.376
3) —7.922 —0.006 0.025 —4.126 1.523 —4.531 —1.671 —8.786

¢ Refers to the contribution of all the atoms of the molecule. * This summation extends over the terms of the six preceding columns.

order of ground-state polarity is predicted, the best agreement
between calculated and experimental values being given by
3-21G calculations, even though values overestimating the
experimental measurements are obtained (Table 2). Smaller and
larger basis sets give lower and higher values of dipole moments.
This trend was also evidenced in molecules of smaller size ** and
seems to be related to the charge distribution given by the
different basis sets; the more extended combinations having the
tendency to enhance charge separation in molecules. In the
minimal basis set the values relative to the ground states of
compound (2) are the reverse of the experimental values.
From the calculated energy terms, nuclear repulsion E, and
total SCF energies E(RHF), and also from charge densities and
overlap populations, a comparative examination of the factors
affecting the different stabilities of trans/cis ground states in
derivatives (1)—(3) is feasible. For these quantities refer to
Table 2 and the Figure. The trend of the nuclear repulsion
terms shows that only in compound (1) do they follow the
stability order of the two conformers, whereas the reverse order
is found for derivatives (2) and (3). These terms are balanced by
electronic effects in the total energy content of the molecules,
therefore significant dependence of the relative trans/cis stability
on steric factors can be ruled out, at least as regards derivatives
(2) and (3). Conjugative and electrostatic effects should thus
contribute largely to the final stability of ground states. The
extent of m-conjugation can be deduced from the amount of
n-character of the exocyclic C—C bond, while an estimate of
electrostatic interactions can be obtained from atomic charges.
Since atomic charges and overlap populations are closely
dependent on the basis set, these conclusions must be con-
sidered only qualitatively, and the discussion will be based on
the electron distribution obtained in the STO-3G//STO-3G
approach, for the reasons specified above. The n-overlap
relative to exocyclic C-C bond, n¢_c, for derivative (3) is lower
than in (1) and (2), yet in the three derivatives ne_ is slightly
higher for the X,0-trans conformation. The extent of conju-
gation should thus be higher in derivatives (1) and (2) than in
compound (3), while in the two conformers of each molecule
the ne_c values are very close, indicating that n-conjugation
should not greatly affect their relative stabilities. The difference
in conformer stability in these molecules is thus expected to
depend mostly on electrostatic interactions particularly
between the heteroatom of the ring and the carbonyl oxygen.
Two schemes have been previously employed 4546 for an
approximate estimate of molecular electrostatic interactions:
one based on point-charges and the other based on dipole—
dipole interactioris. The former approximation has been used
here and the coulomb interactions, Egg, are calculated from
equation (1): g;, g; are the charges centred on the single atoms,

Egs = ¥ 14 )

ri

where i and j represent all the pairs of atoms, excluding those
directly bonded, and those bonded to a common atom. The Egg
values, reported in Table 3, show a trend which agrees with

L _H®)

cim

]

' C /H(7)

% \Iclm
o

experimental values and also with the calculated total energy, as
regards the relative stability of X,O-cis/trans conformers. The
analysis of single additive contributions to Egg, restricted to the
vicinity of the formyl group, shows that the X,O atoms in
derivatives (1) and (3) are mutually repulsive and in derivative
(2) are attractive. For the hydrogen atom of the formyl group
these terms are of opposite sign when referring to the
interaction with the ring carbon C(3) and H(3) respectively, yet
they are almost entirely balanced. The remaining terms
determine the electrostatic contributions to the energy
difference between the X,O-cis and X,O-trans conformers.
Electrostatic interactions thus turn out to be responsible for the
relative energy difference AE®, but the significant contributions
are not confined to direct interactions between the electric
charges on the X and O atoms.

Solvent Effects on Conformational Equilibria—The electro-
static properties of a molecule are important in determining its
ability to interact with solvents. In the case of a molecule having
conformers with different charge distributions, ie. different
dipole moments, the conformer composition in both liquid and
vapour phase may change in solvents of different polarity. This
was found to be the case with furan-2-carbaldehyde and not,
or at least to a considerably lesser extent, of thiophene- and
pyridine-2-carbaldehyde. A quantitative account of this be-
haviour for derivative (1) and of the solvent dependence of the
AE?® and AE* values has been given by Abraham and Siverns '#
in terms of the classical theory of dielectrics. This has also been
applied to derivative (3).!® Application of an SCF MO LCAO
approach at a semi-empirical level to derivative (1) gave*’
results closely similar to those from classical theory when the
self-consistent reactive field model*® (SCRF) was employed.

A different classical approach to solute—solvent interactions
involves calculation of the interaction of a solute molecule with
its entire environment, using a continuum model for the solvent.
Following the procedure of Sinanoglu,3* the solvation energyis
divided into three contributions: electrostatic solute—solvent
interactions, dispersion solute-solvent interactions, and the
energy required for cavity formation. This approach has been
applied **® to derivative (1) and it was found that inclusion
of additional terms beside the electrostatic solute-solvent
interactions reproduces the principal trend of solvation energies
asin the Abraham treatment,!# but the magnitude of the solvent
effect is somewhat overestimated. Since our aim was to compare
the effects of solvation on the relative stability of the conformers
of compounds (1)—(3) and on their activation energies as a
function of solvent polarity, we preferred not to restrict solute—
solvent interactions to electrostatic terms, but rather to
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calculate the effect of dispersion interactions and cavity
formation also, in order to compare their relative importance on
the total effect.

The energy difference between two conformers in solution,
AEg,,, can be expressed as the sum of the energy difference in
the vapour phase, AEy, and a term representing the difference in
solvation energy between the conformers, AE;. The AEy value

AEg, = AEy + AE, )

has been determined experimentally for a number of molecules
and could, in principle, be the result of ‘accurate’ quantum-
mechanical calculations. The AEg term was calculated from
equation (3), where the terms AE,, AE,, and AE,, refer, in order,
to the difference in the energy involved in the two conformers in
electrostatic interactions between permanent and induced
dipole moments, in dispersion interactions, and in cavity
formation. The single terms appearing in equation (3) were

AEs = AE, + AE; + AE, 3)
calculated from the known computational schemes33® and
parameters reported in the literature.>**° The radius of the
solute cavity was determined from the molecular volume 3* by
employing molecular geometries calculated with the 3-21G//3-
21G scheme for each conformer. Dipole moments were also
derived from these levels of calculations. The results of
solvation energy calculations are collected in Table 4: the single
terms appearing in equation (3) are reported only for
compound (1). These values show that AE, and AE, are of
opposite sign and almost cancel each other out, while AE, is the
determining factor of AE;, as is also found in other
molecules.?** This confirms the importance of the charge
distribution of the solute molecules, both in determining the
most stable conformation in the vapour phase and the change
in energy of the different conformers as a function of solvent
polarity. If comparison is made with the AE values obtained
from the classical theory of dielectrics,'* those reported in Table
4 for compound (1) are in close agreement, in contrast with the
lower values calculated from dipole moments from the STO-
3G//STO-3G scheme or by employing experimental values.
Since our purpose was a comparative survey of solvent effects
on the relative stability of the conformers of derivatives (1)—
(3), reference will be made only to the results reported in Table
4,

The solvation energy AEs increases in derivatives (1)—(3)
with solvent polarity. For compound (1), AEy and AEg are of
opposite sign in all solvents and the resultant AEg,, is positive
or negative according to the absolute magnitude. The data in
Table 4 show that the AEg, is negative (O,0-trans more
stable) in solvents with low polarity and positive in more polar
solvents. On qualitative grounds, this agrees with the experi-
mental observations'* and is also reproduced by classical
dielectric theory.!* The stability inversion of O,0-cis and O,0-
trans conformers occurs in media of dielectric constant of ca. 20
and ca. 3.5 when AE, values of —12.654 (calculated) and
—6.278 kJ mol™! (experimental; see Table 2) respectively are
used. According to the values calculated by Abraham !'* and in
agreement with experimental results, this change should occur
in solvents of dielectric constant of ca. §.

For compound (2), AEg and AEy are of the same sign, and
increased solvent polarity causes an increase in stability of the
S,0-cis conformer which prevails in the vapour phase. Solvents
effects are thus expected to be quite small and this corresponds
to experimental observations.'?

For compound (3) AEg and AE, are of opposite sign and the
higher stability of the O,0-trans form in the vapour phase can
be reversed by polar solvents. As with derivative (1), the AEg
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and AE, values are critical for predicting the range of solvent
polarities in which inversion of conformer stability should
occur. From the results obtained it can be concluded that this
inversion is likely to occur in solvents of higher polarity than in
the case of derivative (1). Experimental measurements indicate
that while the N,O-trans conformer prevails ! 72! in media over
a range at polarity, small changes are likely to occur '8 in the
N,O-cis/trans ratio in highly polar solvents (acetone and
dimethyl sulphoxide) yet the N,O-trans conformer should not
fall below 90%. Classical theory of dielectrics predicts !® only a
small decrease in the N,O-trans population in polar solvents.

While the trend of Table 4 is in qualitative agreement with
experiment, from a quantitative point of view the change of
conformer population with solvent polarity, when predicted,
occurs in a dielectric constant range not entirely coincident with
experiment: the choice of dipole moment, energy content of the
conformers in the vapour phase, and radius of the solute cavity
determine the calculated trend.

Application of this procedure to the solvation energy of
transition states also enables the effects of solvent polarity on
the energy barrier to be estimated. The results, obtained by
employing the dipole moments of the transition state from the
3-21G//3-21G approach, are reported in Table 4 and show
that for compounds (1)~—(3) increased solvent polarity
augments the energy barrier for internal rotation; for derivative
(2) this enhancement is larger than for derivatives (1) and (3).
A comparison with experimental results is possible'* only
for compound (1) and, from a qualitative point of view, can
be considered satisfactory. In the dielectric constant range
considered (< 32.6) AE* increases 6—38 kJ mol~! on going from
the vapour to the pure liquid (¢ 41.9) and this is reproduced '#
more quantitatively by classical dielectrics theory. For
compound (2) the solvation effect on the energy barrier appears
to be rather large, but unfortunately no experimental results are
available for discussion of this observation. The AE¥ values are
probably overestimated owing to the choice of dipole moments,
as occurs for the AEg values.

In conclusion, this comparative study of solvent effects in
derivatives (1)—(3) shows that for furan- and pyridine-2-
carbaldehyde a mobile equilibrium should be expected with a
change of stability from the less polar X,0-trans to the more
polar X,O-cis conformer with increasing solvent polarity, in a
different range of dielectric constant for the two molecules.
For derivative (1) this is in agreement with experimental find-
ings,!*?7-5% but from a qualitative point of view only. For
derivative (3) it was found'® that the N,O-trans form pre-
dominates to the extent of >909% even in solvents of high
polarity (e.g. dimethyl sulphoxide). The equilibrium in thio-
phene-2-carbaldehyde should be only slightly perturbed by
solvent polarity, the S,0-cis form being more stable in all
solvents, in agreement with experimental evidence.®-!2-13-51 Ag
regards the calculated solvent effects on the energy barriers for
cis/trans interconversion, the results show that they become
greater with increased solvent polarity and that the effect is
more significant for derivative (2). Only for derivative (1) is
experimental evidence available’-'* and this is in agreement
with the calculated trend.
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