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An extensive conformational search for the heterocyclic compound 3-phenyl-1,2,3-oxathiazolidine
2-oxide has been carried out using the semiempirical quantum-mechanical method PM3. All torsion angles
were varied in the geometry optimization procedure which led to the prediction of four distinct conform-
ers. Barriers to internal rotation leading to conformational interconversions were also calculated. The
results of the present study indicate that this five-member ring substituted heterocyclic system may be
expected to exist as a mixture of stable conformers rather than a unique molecular entity.
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Introduction.

A series of 1,2,3-oxathiazolidine 2-oxide compounds,
with substituent groups attached to the five-member ring
in distinct positions, have been synthesized recently and
characterized via elemental analysis, infrared (ir) and
nuclear magnetic resonance (!H nmr, 13C nmr) spec-
troscopy [1]. Assignments of the nmr spectra have been
made which gave some insight into the molecular struc-
ture of these compounds. The determination of the cou-
pling constants allowed the relative positions of the
hydrogen atoms of the five-member ring to be estimated
so information on the atomic spatial arrangement may be
obtained. However, these nmr spectral data may not be
sufficient to allow a precise determination of the molecu-
lar geometry to be made. This is a situation where a theo-
retical treatment is certainly of great value.

In the present study we selected the simplest hetero-
cyclic system examined experimentally [1], i.e. 3-phenyl-
1,2,3-oxathiazolidine 2-oxide (see Figure 1), to be investi-
gated using a theoretical method. A low-temperature nmr
study of the conformations of this compound has been
carried out previously by Yamada et al. [2]. On the basis
of the resulting vicinal coupling constants, the correla-
tions between the ratios of the vicinal coupling constants
and the corresponding torsion angles were obtained and
made it possible to assign twist-envelope conformations.
The experimental data also allowed an estimate of the
parameters of the Karplus equation [3] to be made. It is
well known that a low-temperature nmr study is required
in order to detect the presence of more than one con-
former that can coexist in equilibrium. Their experimental
data enabled them to estimate only two dihedral angles
involving the hydrogen atoms attached to the five-ring
system, i.e. [H,, C4, Cs, Hy] and [Hy, C4, Cs, Hpl, and so
a definitive assignment of which conformations are pre-
sent could not be made. A room-temperature nmr spectral
analysis was also carried out by Do Val 1] and the cou-
pling constants ratios and torsion angles evaluated. Do
Val [1] reached the conclusion that the elucidation of the

conformation(s) of the five-member substituted ring can-
not be accomplished solely on the basis of the knowledge
of the coupling constants values. The combination of the
experimental nmr data with a theoretical study appears to
be a more adequate approach.
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Figure 1. The 3-phenyl-1,2,3-oxathiazolidine 2-oxide heterocyclic sys-
tem.

We propose then to carry on a conformational study of
this five-membered heterocyclic ring system employing
the semiempirical quantum-mechanical method PM3
(Parametric Method 3) developed by Stewart [4]. There
have been many successful applications of semiempirical
methods to a variety of different problems of general
interest in chemistry. In particular these methods have
been shown to yield very useful information regarding the
conformational equilibrium in molecules biologically
active such as herbicide species [5,6] which contain hete-
rocyclic rings. In this article we intend to carry on a
detailed conformational analysis of this heterocyclic sys-
tem using the PM3 method which is well known to be
more adequate for molecules containing sulfur atoms. In
the present work the potential energy surface (PES) for
the 3-phenyl-1,2,3-oxathiazolidine 2-oxide heterocyclic
system will be extensively examined aiming to locate all
possible minimum energy structures. Also the possibility
of conformational interconversion will be investigated
and so the characterization of the experimentally observed
conformer(s) will be made.

Methodology.

A systematic search for stationary points on the multi-
dimensional potential energy surface (PES) for the
3-phenyl-1,2,3-oxathiazolidine 2-oxide heterocyclic sys-
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tem has been carried out with the aid of the quantum-
mechanical semiempirical method PM3 [4]. The PM3
method has been shown to be the most adequate semiem-
pirical approach for treating sulfur compounds [7]. All

Table |

PM3 Calculated Dihedral Angles (in degrees) for Distinct Conformations
of the 3-Phenyl-1,2,3-oxathiazolidine 2-Oxide Compound

Dihedral Minimum Energy Structures

Angles 1 I I v
Cs0,SN 19.9 19.0 -233 -21.6
C,Cs0,S -21.8 224 20.0 15.1
NC,C50, 12.0 14.0 -4.6 1.5
SNC,C;s 2.0 -0.6 11.7 10.5
0,SNC, -11.9 -9.9 19.6 21.6
CNSO, -154.4 -149.9 -122.9 -115.0
C,C¢NS -64.8 81.4 -55.2 88.5
OgSON 103.9 103.8 104.4 104.3
H.C,CsH, 142 16.4 -1.3 5.0
HC,CsH, 1334 135.7 -120.4 -120.4
H.C,CsH, -108.4 -106.2 121.3 127.6
HyC4CsHy, 10.9 13.2 23 8.3

Figure 2. The PM3 fully optimized conformers of the 3-phenyl-1,2,3-
oxathiazolidine 2-oxide heterocyclic molecular system, structures I, II,
III and IV given in Table 1.

3N-6 internal degrees of freedom, shown by Figure 1,
were varied during geometry optimization. Several trial
initial configurations were used as the starting point for
the geometry optimization procedure which makes use of
gradient techniques (evaluated analytically). The dihedral
angles related to distinct conformations of the five-mem-
ber ring and also the torsion angles of the hydrogen and
phenyl substituents were varied consistently aiming to
locate all possible stationary points on the PES for this
heterocyclic compound. The stationary points located by
this procedure were characterized according to the eigen-
values of the Hessian (second-energy derivative) matrix
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Table 2

PM3 Calculated Energies and Thermodynamic Properties for the
Conformers given in Table 1

Thermodynamic Minimum Energy Structures

Properties I I ol v
AH/kcal mol-! -47.2 -47.0 -45.8 -45.3
AS/kcal mol-! K-! 104.0 104.9 104.5 104.7
AG/keal mol-! -78.2 -78.2 -76.9 -76.5
AE/kcal mol-! — 0.272 1.60 1.98

{8]. If all harmonic frequencies are positive the stationary
point is a true minimum energy structure and the occur-
rence of n negative eigenvalues of the Hessian matrix
characterizes a n-th order transition state (TS) structure. A
one-dimensional torsional minimum energy path for rota-
tion of the phenyl group was also calculated which led to
the prediction of the rotational barrier for each stable con-
former.

All calculations were performed with the MOPAC
package [9] as implemented on the Apollo HP-9000/300
workstation at the Laboratorio de Quimica Teorica,
Departamento de Quimica, Universidade Federal de
Minas Gerais (UFMG). All structures have been drawn
with the program MOLMOP [10].

Results and Discussions.

The four true minimum energy structures located on the
PES for the 3-phenyl-1,2,3-oxathiazolidine 2-oxide hete-
rocyclic system, using the procedure described in the pre-
vious section, are shown in Figure 2 and the structural
parameters, energies and thermodynamic properties are
given in Tables 1 and 2. It can be seen from Table 1 that
structure I is the global minimum energy structure on the
multidimensional PES and so are expected, in principle,
to be the experimentally observed conformer. It can also
be seen from Table 2 that structures I and II are nearly
degenerate and structures III and IV are ca. 2 kcal mol-!
energetically higher than the global minimum energy
structure. This result is an indication that a conforma-
tional equilibrium is likely to take place and so, this can
be a case where a unique equilibrium structure may not be
observed. It can be seen from Table 1 and also from
Figure 2 that the pair of structures I and II and III and IV
are very similar regarding the conformation of the five-
member ring. The only structural difference is the position
of the phenyl substituent. However structures I and III
and IT and IV are quite distinct so far as the conformation
of the five-member ring is concerned. The AH¢ and AG
values given in Table 2 show that structures I and II are
the more thermodynamically stable conformers and then
could be the experimentally observed species.

The conformational equilibrium involving the pair of
structures I and II and III and IV has been investigated
through a pointwise calculation of the one-dimensional
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Figure 3. The PM3 pointwise calculated one-dimensional PES for rota-
tion of the phenyl group around the N3-Cg bond (see Figure 1): 2) I &>
ILI; b) HI & TV,

torsional PES which is shown in Figure 3. In this point-
wise calculated PES the dihedral angle for the rotation of
the phenyl group with respect to the five-member ring, ie.
[C, Cg, N, S], was kept unchanged and all remain geo-
metrical parameters being fully optimized. This procedure
assures that the TS structure on the minimum energy path
and the rotational barrier are precisely determined. It can
be seen from Figure 3 that there are two mechanism of
conformational interconversion involving energy barrier
of distinct sizes. It can be seen that structures I and III are
expected to be the preferred ones, since the internal
motion leading respectively II to I and IV to III is
favored (a very small energy barrier is present). The con-
formational interconversion via a higher energy barrier is
very unlikely to take place since it would involve a rather
steric hindered torsional motion. This result is very inter-
esting because it left us with only two conformers as the
probable candidates to be the experimentally observed
conformer, i.e. structure I and III.

The possibility of interconversion between structures I
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and IITI deserve our attention. In order to calculate the
energy barrier for interconversion the transition state
structure connecting the two minima must be found. This
is indeed a difficult task. The internal motion that leads I
to III is very complex since it involves a torsional move-
ment of the five-member ring and the phenyl group. The
TS structures for the interconversion between the pair of
conformers I and I and III and IV could be precisely
determined since it involves rotation of the phenyl group
around a single bond and so a reaction coordinate (here a
torsion angle) can be unambiguously defined (see Figure
2). For the interconversion I «> III a single reaction coor-
dinate, that could be one of the dihedral angles involving
the five-member ring, cannot be easily found due to the
multidimensional nature of the intramolecular motion.
The reaction coordinate leading to a conformation inter-
conversion is a combination of various torsion angles and
s0 a pointwise calculation of a one-dimensional torsional
PES, as it has been shown in Figure 3, is not possible.

In order to locate a TS structure distinct approaches,
other than pointwise calculations of minimum energy
paths, may be used as, for example, the Linear
Sinchronous Transit (LTS) method [11]. The LTS proce-
dure locates a maximum along a path connecting two
structures and thus provides a guess as the transition
structure connecting them. It does not actually locate a
proper transition state. The structure resulting from an
LST calculation may be suitable for input to subsequent
geometry optimization and frequency jobs. This usually
results in one or more negative eigenvalue of the Hessian
matrix [8]. Although a maximum is always located this
may not be the lowest energy maximum. The latter may
be found by optimizing one or more selected parameters
until the structure with the lowest energy and (after har-
monic frequency analysis) one negative eigenvalue is
found. The approaches developed for locating TS struc-
tures on a given PES presume a knowledge of at least
approximate geometries of the saddle point. In the case of
the five-ring heterocyclic, object of the present study,
such information is not readily available due to the com-
plex topography of the multidimensional PES.

It is well known that nuclear magnetic resonance (nmr)
spectra may be interpreted to give information both on
energy differences between conformers and on energy
barrier [3]. Conformational differences can be determined
by measuring the relative populations of various conform-
ers at a single temperature. Use of the Boltzmann equa-
tion then leads to the energy differences between the con-
formers. In order to measure the relative populations of
various conformers by nmr, it is necessary that each con-
former have a different nmr spectrum, that the energy dif-
ferences between conformers be on the order of 1 kcal
mol-! or less (so that all conformers are present in observ-
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Table 3

PM3 Calculated and Experimentally Estimated Dihedral Angles [a] (in degrees) for Structures I and II1
shown below in the Newman Projection Representation

Dihedral PM3
Angles Structure 1 Structure IIT Expt [b] Expt [c]
0: H.C4CsH, 14.2 -1.3 12 14.1
(13.5) [d]

0': HyC4CsHy, 10.9 2.3

: H,.C4,CsH,, -108.4 1213 -123 -1209
(-121.5) [d]

¢t HyC4CsH,, 133.4 -120.4

¥: NC4Cs0, 12.0 -4.6

Idl + 101 [e] 122.6 135 135

1§ + 16l [e] 122.7

[a] The positive sign of the dihedral angle is defined as an anti-clockwise rotation around the C4-Cs bond. {b] Experimental value (solvent acetone)
from ref [2]. [c] Experimental value (solvent benzene) from ref [1], using the Karplus equation from ref [2]. [d] Like [c] with acetonitrile being used as
solvent. [e] This is the dihedral angle used in the Karplus equation: J ;. =k - cos(®w * 0) + kycos2(w + 6), where w = |9l + 16l e k| k, = empirical con-

stants.

Conformer I

able quantities), and that the barrier between conformers
be higher than about 5 kcal mol-! (so that exchange
between them is slow at temperatures accessible in pre-
sent-day nmr spectroscopy) [12]. Determination of barrier
heights also requires comparison of nmr spectra at several
temperatures since as the temperature of a mixture of con-
formers is increased, the rate of interconversion increases.
So if the barrier is not too high, interconversion may
become so rapid that a single nucleus moves through sev-
eral local environments within the time required for the
(microscopic) nmr measurement. Another point to be con-
sidered regarding the determination of barriers to internal
rotation is that the shape of the PES must be simple.
Usually the experimentally determined barriers involve
rotation around single bonds that can be described by
periodic potential functions [13]. So in the light of the
internal motion of the phenyl group shown by Figure 3, it
can be seen that the torsional PES for the interconversion

Conformer IIX

between structures I and I is very unlikely to be mimic-
ked by a periodic type potential energy function. This
result suggests that any experimental approach for the
determination of the energy barrier for interconversion
between structures I and III that relies on a fitting of a
periodic potential energy function will have little chance
to succeed. From Table 1 it can be seen that the energy
difference between conformers I and III is 1.6 kcal mol-1,
and so both conformers may be present in observable
quantities. However there is no guarantee that the energy
barrier for conformational interconversion is higher than 5
kcal mol-! in order to allow an nmr investigation of the
barrier height. It should lastly be emphasized that in the
nmr studies reported in refs [1,2] a definitive assignment
of the spectra giving support to the existence of more than
one conformer could not be made.

In an attempt to locate the first-order TS structure on
the minimum energy path leading I to ITI, some trial mol-
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ecular arrangements were examined using the PM3
method. Geometry optimization, keeping some dihedral
angles frozen, were carried out followed by harmonic fre-
quency analysis. Using this procedure a few first-order TS
structures were located but it is hard to say if they are
really on the lowest minimum energy path for conforma-
tional interconversion between I and IIIL. It is important to
say that there are many first-order TS structures on a mul-
tidimensional PES. They can be on a variety of distinct
minimum energy paths depending on which internal vari-
able (usually a dihedral angle) has been used as the reac-
tion coordinate. So it is not safe to trust these TS structures,
located by a sort of trial and error procedure, to be the
"true" saddle point on the minimum energy path for confor-
mation interconversion between conformers I and IIL

Finally, a comparison between the theoretical geometri-
cal parameters reported here and the experimental data
available from the nmr studies [1,2] regarding the confor-
mation of the 3-phenyl-1,2,3-oxathiazolidine 2-oxide
compound is summarized in Table 3. It can be seen that
the assignment of twist-envelope conformations based
only on the knowledge of the dihedral angles 0 and ¢ is
far to be accurate. The theoretical study yield all of the
torsion angles of the five-member ring and so reveal all its
structural features. There is a good agreement for the
angle 0 reported for structure I and the experimental
value, while the angle ¢ reported in this study is some-
what different from the experimental value. Nevertheless
our theoretical value for (1ol + 181) of ca. 123 degree is
more close to the value commonly used in the Karplus
equation for heterocyclic rings [1] than the experimental
value of 135 from ref [2]. It can be seen from the
Newman's projection representation given in Table 3 that
structare III is nearly eclipsed which correlates well with
the fact that it is less stable than structure I at the PM3
semiempirical level of theory. Also the asymmetric nature
of these heterocyclic compounds can be visualized. It is
clearly seen from the Newman's projection representa-
tions that an interconversion path connecting the con-
formers I and III cannot be easily envisaged. The inter-
conversion III < I involves a simultancous variation of
at least five torsion angles of the five-member ring and so,
it makes a precise determination of the true first-order TS
structure on the lowest minimum energy path on the PES
a difficult computational task.

Conclusions.

In the present work a theoretical investigation of the
conformational equilibria for the 3-phenyl-1,2,3-0xa-
thiazolidine 2-oxide heterocyclic system has been carried
out using the semiempirical quantum-mechanical method
PM3. The results showed that there are four structurally
distinct conformers that may exist in equilibrium,
Analysis of the one-dimensional torsional PES for rota-
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tion of the phenyl substituent groups (attached to the five-
membered ring) around a single bond revealed that iso-
mers II and IV are readily converted respectively to iso-
mers I and III. This leaves only structures I and III as the
likely candidates as the experimentally observed conform-
ers. Due to the complexity of the interconversion energy
path connecting conformers I and III, a pointwise calcu-
lation of the lowest minimum energy path on the PES
feading I to III could not be carried out. So the most we
can say is that there two energetically close conformers of
the 3-phenyl-1,2,3-oxathiazolidine 2-oxide heterocyclic
system, i.e. structures I and III. The present study also
shows that a combination of experimental nmr studies and
semiempirical quantum-mechanical calculations proved to
be very promising in what the investigation of the confor-
mations of heterocyclic compounds is concerned. It is
important to say that the nmr studies are carried out in
solution and so the conformational equilibrium may be
influenced by the solvent used [1]. The next computa-
tional task will be then to carry on a PM3 conformational
analysis taking into account the solvent effects.
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