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The conformational behaviour of isomeric phenylisoxazoles has been investigated at the STO-3G level op-'
timizing the most significant geometrical parameters. The energy minima of the two isomers having an
heteroatom in an ortho position correspond to planar structures, whereas the 4-isomer has a twisted equilib-
rium conformation. This confirms that H-H non-bonded repulsions are stronger than (lone-pair}-H ones. The
similar conformational behaviour of corresponding phenylfurans and phenylisoxazoles shows that the second
heteroatom has a negligible effect and that the conformational behaviour of non-fused biheterocycles is dic-

tated by the nature of the ortho substituents.

J. Heterocyclic Chem., 25, 1709 (1988).

Introduction.

In a series of papers [1-14] we have investigated the
modification induced by the presence of heteroatoms on
the conformational behaviour of heteroaromatic systems
consisting of two rings linked together by essentially
single bonds. We have considered until now both five- and
six-membered rings, but only equivalent substituents (N,
O or S). In order to better ascertain the interplay of elec-
tron redistribution and steric effects, we considered it
interesting to investigate the contemporary presence of
two electronegative atoms on the same ring. Phenylisox-
azoles provide a particularly adequate class for this pur-
pose since they are experimentally well characterized
[15-18] and the three different isomers cover a wide range
of topological situations. In view of previous experience
[9-14, 19,20] the full rotational potentials of isomeric
phenylisoxazoles have been computed at the ST0-3G ab-
initio level.

Computational Procedure.

As a first step the torsional potentials of isomeric
phenylisoxazoles were computed by the GAUSSIAN/82
package [21], using the STO-3G basis set [22], the
microwave structure of the isoxazole ring [23], the STO-3G
optimized geometry of benzene [7,9], and an inter-ring
C-C distance of 1.45 A [17]. The torsional angle § between
the planes of the two rings was spanned in steps of 15°.
The benzene-isoxazole bond distance R, its vicinal angles,
and the valence angles of the ortho hydrogens (see Figure
1) were then optimizing at values of 6 spaced by 30° using
the analytical gradient procedure [24] implemented in the
GAUSSIAN/82 package. This partial optimization should
be sufficient since significant (conformation dependent)
geometry modifications usually occur only in the environ-
ment of the twisting bond [20,25,26]. For purposes of com-
parison the same points were computed also maintaining

the above geometrical parameters at the values optimized
for the planar conformation.

5-¢—iso

Figure 1. Schematic drawing of isomeric phenylisoxazoles. The label-
ling of the variable geometrical parameters is also reported.

Results and Discussion.

The structures, variable geometrical parameters, and
labelling of isomeric phenylisoxazoles are shown in Figure
L.

The optimized values of the variable geometrical
parameters for the different conformations are collected in

Table 1.

It is quite apparent that both bond length and bond
angle variations are generally negligible. In agreement
with experimental data (18) the angle & (see figure) is very
similar for the 3- and 4-isomers and significantly larger for
the 5-isomer.

Although greater than the X-ray value adopted in RR
computations (1.45 A ref [17]), the optimized value of the
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Table I
Isomer
3-¢-iso Parameter # = 0° # = 30° 8§ = 60° 9 =90° fmin = 2.7°
" R 1.500 1.500 1.506 1.510 1.499
" o 120.5 120.3 120.1 120.0 120.5
" 8 120.3 120.3 120.3 120.3 120.2
" ¥ 120.1 120.0 120.0 119.9 120.1
" ] 1277 127.4 127.0 126.9 1279
" 7 128.5 128.5 128.5 128.5 128.4
" u 2.46 2.52 2.61 2.65 2.46
" 2P, 0.232 / / / /
" AE -468.24517 1.86 10.47 15.99 -1.21
Isomer
4-¢-iso Parameter 8 = 0° 8 = 30° 6 = 60° 9 = 90° fmin = 15.2°
" R 1.493 1.492 1.498 1.503 1.492
" «a 120.0 119.9 119.9 120.0 120.0
" g 120.3 120.0 119.8 119.8 120.2
" v 120.3 120.0 120.2 120.2 120.2
" é 128.0 1279 127.8 127.8 128.0
" ¢ 1279 127.6 127.4 1274 127.8
" n 1325 132.5 132.1 132.1 1324
" M 2.81 2.84 2.90 2.92 2.81
" 2P, 0.242 / T / /
" AE -468.24370 0.47 7.67 12.77 -0.16
Isomer
5-¢-iso Parameter # = 0° # = 30° 8 = 60° § = 90° f#min = 0°
" R 1.492 1.493 1.500 1.506 /
" a 120.4 120.1 119.8 120.0 /
" I¢] 120.1 120.1 120.0 120.0 /
" Y 119.5 119.6 119.6 119.6 /
" ] 132.3 132.0 1319 131.9 /
" ¢ 129.1 128.6 128.5 128.5 /
" M 2.89 293 2.97 2.98 /
" T 2P, 0.265 / / / /
" AE -468.24895 3.52 13.73 19.60 0.0

Geometric (see text and figure 1 for the definition and units) and electronic (dipole moments uw/D and total energies in a. u.) parameters for isomeric
phenylisoxazoles.

Table II

Molecule
Parameter 3-¢-iso 4-¢-iso 5-¢-iso

RR RR’ PFR RR RR' PFR RR RR’ PFR

V (30°) 1.79 1.89 1.86 0.56 0.61 0.47 3.75 4.02 3.52
V (60°) 11.70 10.61 10.47 8.92 8.13 7.67 15.49 14.18 13.73
V (90°) 18.40 16.28 15.99 14.72 13.27 1277 22.52 20.08 19.61
v, 18.91 16.67 16.40 15.71 13.60 13.30 22.84 20.16 19.88
\A -3.19 -2.45 -2.49 -347 -2.95 -3.12 -2.15 -1.25 -1.57
V. -0.47 -0.39 -0.41 -0.56 -0.49 -0.54 -0.32 -0.08 -0.27
v, -0.09 -0.07 / -0.07 ~-0.05 / -0.04 -0.02 /
Omin 0° 0° 0° 16.30° 16.20° 16.50° 0° 0° 0°
Vmin 0.00 0.00 0.00 -0.13 -0.15 -0.16 0.00 0.00 0.00
E (0°) _468.24325 -468.24517 -468.24517 -468.24282 -468.24370 -468.24370 -46B.24744  -468.24895  -468.24895

Conformational characteristics of isomeric phenylisoxazoles in the rigid (RR and RR’) and partially flexible (PFR) rotor approximations from STO-3G
computations. Total energies are in a. u., energy differences with respect to planar conformations (V (9)) and potential constants (V,) are in KJ/mol and
angles are in degrees.
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inter-ring C-C distance (1.49-1.50 A) is typical for this
class of molecules [10,13] and shows the well known
lengthening going from planar to perpendicular confor-
mation [20,27,28]. The computed dipole moments are in
reasonable agreement with experimental data [15] for the
4-isomer and underestimated by about 0.3 Debye for the
other two isomers.

The relative stability of the different isomers, 5>3 >4,
points out the destabilizing role of the inter-ring H-H in-
teractions since the order provided by inter-ring conjuga-
tion alone (as revealed by the pertinent 7 bond orders)
would be 5>4>3.

Nine potential energy curves for internal rotations
around the central C-C bond were generated, correspond-
ing to two rigid rotor models (experimental structure
denoted as RR and STO-3G partially optimized structure
of the planar conformation denoted as RR’) and one par-
tially flexible rotor model (denoted as PFR), for each
isomer.

As in analogous systems [20,29,30] the results obtained
by RR and PFR approximations are very similar, although
the partially short inter-ring distance adopted in the RR
model leads to some discrepancy.

In particular energy maxima always correspond to
perpendicular conformation (¢ = 90°) and minima are
located in a very flat energy region corresponding to
0° <6< 30°.

The structures of isomeric phenylisoxazoles are thus
quite flexible, with the two rings freely oscillating in a
significant angle interval around ther equilibrium struc-
ture. Only the 4-isomer has a shallow minimum at a twist
angle of about 15° whereas the other two isomers prefer
planar conformations. Furthermore the barrier heights at
90° increase in the order 4 <3 < 5. This shows once again
that H-H repulsive interactions are larger than lone-pair-H
ones and that in the presence of similar steric hindrances
(3 = 5) the conformational behaviour is determined by
inter-ring conjugation. In fact the barrier height at 90° is
larger for the isomer with the larger inter-ring 7 bond
order. A comparison of 4 and 5 phenylisoxazoles with the
corresponding phenylfurans (respectively 3 and 2) shows

quite similar conformational characteristics as would be

predicted on the ground of the identical nature of ortho
substituents. The minor role of the second heteroatom is
revealed by slight differences in the potential constants. In
particular the values of fynjn and of the barrier height at
90° suggest a greater inter-ring conjugation for phenyl-
isoxazoles than for corresponding phenylfurans [10]
although the pertinent w bond orders are very similar. The
different sets of conformational energies V() (expressed
as the total energies E(6) minus the energy E(0°) of the
planar conformation) have been fitted by a truncated
Fourier expansion
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V(0) = £% V, [1-cos (i8)] (1)

in which the physical origin of the low-order potential con-
stants is well recognized [9]. The fitting allows a quan-
titative comparison of different molecules and/or methods
and the analytical location of energy minima and maxima
on the potential curve [3,9,29,30].

In the case considered here the potential is symmetric
about § = 90° so that only even values of j are allowed.
The spacing of 15° adopted in the RR computations allow
the determination of up to six terms and confirms that the
first three potential constants are sufficient to give a good
fitting of the torsional potential. This is just the number of
terms which can be determined with the spacing of 30°
adopted in the PFR computations. The reliability of the
fitting at this level receives further support by the compar-
ison between the values of Oiyip and Vi computed via
direct energy minimization (15.2° and -0.16 Kjoule/mole)
or via the Fourier expansion of the potential (16.5° and
-0.16 Kjoule/mole).

The torsional potential is determined by the combined
effects of inter-ring conjugation (which only contributes to
the V, potential constant) and of interactions between or-
tho substituents (which contribute to all potential con-
stants). On these grounds comparison of V, terms allows to
discard the conjugative interactions. The trend of these
potential constants (which is confirmed by the trend of V,
terms) for the different isomers indicates that C-H...C-H
interactions are more repulsive than C-H...N ones, which,
in turn, are larger than C-H....O interactions.

Concluding Remarks.

Ab-initio computations were used to build up a compre-
hensive picture of the conformational behaviour of
isomeric phenylisoxazoles. Together with the particular
results described above, some general features deserve
further mention. In particular it has been shown that: 1)
The rigid rotor approximation is usually sufficient to ob-
tain reliable torsional potentials of non-fused bihetero-
cycles. 2) The torsional potential is always well represented
by three term Fourier expansions. 3) Molecules with the
same ortho substituents show very similar torsional curves
also in the presence of further heteroatoms in meta and/or
para position.
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