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STRUCTURE OF 1,2,6-THIADIAZINE 1,1-DIOXIDES

JOSE ELGUERO,+ PILAR GOYA, ANA MARTINEZ AND ISABEL ROZAS
Instituto de Quimica Médica, CSIC, Juan de la Cierva 3, 28006 Madrid, Spain

OTILIA MO, JOSE LUIS G. DE PAZ AND MANUEL YANEZ
Departamento de Quimica, C-XIV, Universidad Autonoma de Madrid Cantoblanco, 28049 Madrid, Spain

Ab initio theoretical calculations were carried out on the three tautomers, NH, OH and CH, of 1,2,6-thiadiazine 1,1-
dioxides. Different basis sets were employed in order to obtain an adequate description of these cyclic sulphamide
derivatives. A coherent picture is obtained which includes relative stability of tautomers (NH > CH > OH), non-
planarity of NH and CH tautomers and electronic distribution (Boys’ localized orbitals).

INTRODUCTION

Aromaticity!~* and, particularly, heteroaromaticity?*
are attracting increasing interest. Continuing with our
research on the synthesis and physico-chemical prop-
erties of 1,2,6-thiadiazine 1,1-dioxides,® we decided to
carry out an ab initio theoretical study of this poten-
tially aromatic six-membered ring incorporating the
N—SO,—N moiety. In order to discuss the problem of
its structure, the three possible tautomeric forms in
which the ring can exist have to be considered:
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According to x-ray and NMR data in solution,
tautomer 1 is the predominant form in 3,5-alkyl- or
aryl-thiadiazines whereas 3 is more stable in compounds
bearing functional groups such as OH or NH; at C-3
and/or C-5.% The 1-OH tautomer (2) has never been
observed experimentally, and only one O-substituted
derivative has been claimed.’

Many x-ray structures of 1,2,6-thiadiazine 1,1-
dioxides have been determined,® most of them being
non-planar e.g. the simple 3,5-dimethyl derivative
shows the sulphur atom 0-405 A above the mean plane
formed by the remaining five atoms®). However, at
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least one derivative, 5-amino-4,4-dibenzyl-3-one, is
planar.’®

In this paper, the problem of the structure and
tautomerism of 1,2,6-thiadiazine 1,1-dioxides is con-
sidered on the basis of criteria derived from theoretical
calculations such as energy values, charge distributions
and an analysis of canonical and localized molecular
orbitals.

COMPUTATIONAL DETAILS

It is well established that polarization functions are
crucial to the correct description of the bonding of
sulphur. Unfortunately, a geometry optimization of the
system under investigation at the 6-31G* level of
accuracy is economically prohibitive, so cheaper alter-
natives must be considered. Among the most popular
ones are the 3-21G(*) and 6-31G(*) basis, *° which are
of split-valence character and include d functions exclu-
sively on the second-row atoms. However, we have
recently shown ! that these basis sets do not reproduce
the pyramidalization of the nitrogen atoms directly
bonded to the SO, moiety of sulphamide. Therefore,
and taking into account that the possible pyramidaliza-
tion of the nitrogen of thiadiazines is one of the prob-
lems we want to analyse, we shall carry out single point
3-21G(*) and 6—31G(*) calculations on fully optimized
STO-3G* structures. These computational schemes,
which will be referred hereafter as 3-21G(%)//STO-3G*
and 6—31G(*)//STO-3G*, respectivelg, have proved to
be fairly reliable because the STO-3G" basis reproduces
reasonably well the most important structural features
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obtained at the 6—31G™ level' for this kind of com-
pound and the split-valence character of the 3-21G(*)
or 6—31G(*) corrects some of the deficiencies of the
minimal basis, as we shall illustrate later. All calcula-
tions were carried out using the Gaussian 80 series of
programs (IBM version). 12

To characterize better the bonding of the tautomers
considered we shall obtain the corresponding localized
MOs using the method of Boys.!?

RESULTS AND DISCUSSION

The optimized geometries (bond lengths and dihedral
angles) of the three tautomers together with the

experimental data are given in Table 1 and the energies,
dipole moments and atomic charges in Table 2. From
these results, it is clear that the most stable structure is
planar only in the case of tautomer 2, whereas for
tautomers 1 and 3 boat forms are obtained (see
Figure 1).

There is acceptable agreement between the
experimental and calculated results as seen from the
comparison between 1a and the x-ray coordinates of
3,5-dimethyl-2H-1,2,6-thiadiazine 1,1-dioxide (1’):°8
the SO; group lies 0-405 A (experimental) and 0-325 A
out of the plane (calculated). The worst accordance
concerns the S—N bond lengths (calculated for 1a,
1-71 A; observed in 1’ 1+62 A). It is necessary to keep

Figure 1. Planar and non-planar forms of the three tautomers of 1,2,6-thiadiazine 1,1-dioxide
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these differences in mind when discussing the energies
associated with the different tautomers.

Assuming a proportionality between bond lengths
and bond orders,? it can be concluded that all forms
show a localization of the double and single bonds
except 2a, which can be regarded as an ylide form. In
this case there is a delocalization in the
N—C—C—C—N fragment and the S—N distances cor-
respond to single bonds.

N ~s~
N

2a

Since deviations from planarity are very important
when discussing the structure of the 1,2,6-thiadiazine
system, planar forms (by Z matrix) of tautomers 1 and
3 (1b and 3b) have also been calculated.

Examination of the energy values at the STO-
3G*//STO-3G* level shows that, as expected, planar
forms of 1 and 3 are unstable with respect to the
non-planar forms (1, AE=2-7kcalmol™'; 3,
AE =12 kcalmol™!).

At this level of accuracy, the order of stability of
the optimized structures is that 3a is [-5 and
17-5 kcal mol ™! more stable than 1a and 2a, respect-
ively. The great energy difference between tautomer 2a
and tautomers 1a and 3a can account for the fact that
2a has never been found experimentally. However, at
this level of calculation tautomer 3a is more stable than
1a, which is in contradiction with the experimental evi-
dence, as already mentioned. We shall discuss this point
later.

The relatively low stability of tautomer 2a is a direct
consequence of the changes in the bonding of the SO;
moiety. First, it must be noted that the structure of the
ring does not change dramatically with respect to that
of conformer 1a. However, the S—O bond to which the
proton is attached becomes 0-17 A longer. This
geometrical change is significant and is responsible for
the low stability of this tautomer. As has been found
for sulphamide, !’ the S—O bonds in species 1a and 3a
are the result of a o-type interaction between the cor-
responding AOs of oxygen and sulphur and =-type
delocalizations involving the oxygen lone pairs on the
one hand and p and d orbitals of sulphur on the other.
As a consequence, we cannot strictly speak of an S—O
double bond since actually the S—O bonds appear as
the result of a o-type S—O interaction and p,—d; back-
bonding involving the three oxygen lone pairs. This
description is not consistent with the conclusion of
Fraenkel et al.'* about the conjugative interaction of a
nitrogen lone pair and an SO group through a system
of C—C double bonds. As we have discussed in a prece-

ding paper, *! this conjugation does not play any signifi-
cant role in the behaviour of the N~SO; group. The
nature of the S—O bond is confirmed by the
characteristics of the localized molecular orbitals of all
species studied (see Figure 2), which show that for con-
formers 1a, 1b, 3a and 3b, oxygen retains practically
three lone pairs and it is the polarization of them
toward the S that is largely responsible for the multiple
bond character of the S—O linkage. This bonding
scheme, however, is considerably altered in conformer
2a, because one of the oxygen lone pairs becomes a o-
bonding orbital involved in the O—H linkage. Accord-
ingly, the S—O bonding becomes considerably
weakened and the system globally destabilizes. Again,
the LMOs of this conformer (see Figure 2) clearly show
this effect and its ylide character.

More subtle is the difference between conformers 1a
and 1b and between 3a and 3b. The first conspicuous
fact in Table 2 is that the energy difference between
planar and non-planar forms is small and that, as
expected, the 6-31G(*) and 3-21G(*) bases predict the
planar conformers to be more stable than the non-
planar conformers.

It must be noted, however, that the deviation from
planarity is very small in both instances. As a conse-
quence, changes in the electronic structure of the
systems are very small and, therefore, difficult to quan-
tify properly. Nevertheless, an inspection of the MOs of
conformers 1a and 1b obtained at the STO-3G" level
reveals that the most significant changes affect the
HOMO. This is similar to the behaviour described by
Alcami ef al.'® regarding nitrogen inversion processes
of three-membered rings, where the inversion barrier
parallels the destabilization of the HOMO. On going
from 1a to 1b the energy of the HOMO (see Figure 3)
rises about 7 kecalmol ™!, It may be observed that this is
a 7-type MO in the planar form with a strong contribu-
tion from the atomic orbitals of N-2. When the S atom
is not in the plane of the ring, the s character of the
nitrogens directly bonded to it, especially that of N-2,
increased noticeably and the MO stabilizes. A similar
effect is observed in another inner-lying w-type MO
where the strongest contribution comes from the atomic
orbitals centered at N-6 (see Figure 3). Obviously there
are other smaller changes affecting the remaining MOs,
but they almost cancel each other, so that those affect-
ing the just mentioned w-type obitals seem to be respon-
sible for the stabilization of the non-planar form.

It must also be noted that, as mentioned above, no
significant changes in the electronic structure of the
system should be expected. This is clearly reflected by
the corresponding charge distributions (see Table 2),
which are almost unaffected by the loss of planarity and
by the corresponding LMOs. Actually, comparison of
the localized molecular orbitals of 1a and 1b reveals the
absence of any significant differences between them,
and only the nitrogen lone pairs of 1b appear slightly
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1b

Figure 2. Boys’ localized orbitals of the planar and non-planar forms of 1,2,6-thiadiazine 1,1-dioxide tautomers (black circles,
w-type orbitals; hatched circles, o-type orbitals)

reoriented with respect to those of 1a. A similar situa-
tion is found on comparing the LMOs of 3a and 3b.
The fact that a 6-31G(*) or a 3—21G(*) basis predicts
the planar form as the most stable may be an artifact
of the basis. Actually, it is well known!>'® that an
adequate description of the pyramidalization at the
nitrogen atoms requires the inclusion of polarization
functions on them. On the other hand, a proper
polarization of the sulphur atom by including a second
set of (diffuse) d functions may also be important,
namely when it is bonded to very electronegative atoms.
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Figure 3. Schematic representation of the z-type MOs most
sensitive to puckering in the NH tautomer

HOMO)

§<

To investigate this particular point, we carried out
single-point calculations using two different sets of
polarized 6-31G basis, defined as follows: set A
includes in a 6—31G scheme one set of d functions on
sulphur (ap=0-65) and on both nitrogen atoms
(ap = 0-80) and set B includes a set of d functions on
sulphur (ap = 0-65), on both nitrogens (g = 0-80) and
on both oxygens (ap=0-80). In all cases, STO-3G*
fully optimized structures were employed and no-
geometry optimization was attempted. The results
obtained predict again the planar forms as the most
stable, but now the energy differences between con-
formers 1a and 1b are much smaller (0-7 and
0-4 kcalmol™!) when sets A and B are employed,
respectively.

We may conclude that although an amelioration of
the description of the polarization of sulphur or nitro-
gen atoms does not change the trend observed at the
6-31G(*) or 3-21G(*) level, the energy difference bet-
ween the two tautomers becomes so small that a proper
geometry optimization or the inclusion of polarization
functions on the remaining heavy atoms and on hydro-
gens or electron correlation effects could be sufficient to
stabilize the non-planar conformation. Similarly, the
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possibility that the intermolecular interactions that take
place in the crystal could be responsible for the non-
planarity of the ring cannot be ruled out. In this
respect, it is significant that according to our results the
energetic barrier between the two forms is fairly low, so
that in the gas phase a rapid interconversion between
the two situations, with the S above and below the ring
plane, could probably occur under normal conditions.

More significant is the fact that 1a is predicted to be
considerably more stable than 3a when a 6-31G(*) or
3-21G(*) basis is employed. This finding reflects the
lack of flexibility of a minimal STO-3G basis to
describe adequately no-direct bonding interactions such
as that which takes place in 1a between the amino pro-
ton and the oxygen lone pairs. A split valence basis is
much more flexible as it is possible to populate inde-
pendently the inner and the outer shells of each heavy
atom. It may be observed, in fact, that whereas at the
STO-3G™ level both nitrogens of 1a have almost the
same electronic population, at the 6-31G(*) level it is
considerably greater for the nitrogen bonded to the
hydrogen atom. As a consequence, this proton becomes
more acidic (its positive charge increases from +0-:22
to +0-42). Simultaneously and for the same reasons,
the net negative charge on the oxygens of the SO,
moiety also increases and the coulombic interaction bet-
ween them and the amino proton considerably stabilizes
the system.

However, the STO-3G* basis not only underestimates
the stability of tautomer 1a for the aforementioned
reasons, but also overestimates the stability of the 3a
conformer. In 3a the N—H bond is substituted by a ¢
lone pair, and the stabilizing interaction between the
NH proton and the oxygen lone pairs is changed in a
repulsive interaction between the nitrogen and oxygen
lone pairs. Since the total electronic population is
underestimated at the STO-3G”* level, so is the popula-
tion at the lone pairs and the repulsion between them.
In summary, regarding the relative stabilities of the
conformers 1a and 3a, the description at the 6-31G(%)
or 3—21G(*) level seems more realistic and is in agree-
ment with the experimental evidence. As would be
expected, the low stability of tautomer 2a is not
changed at this higher level of accuracy.

CONCLUSIONS

From all these calculations the following conclusions
can be drawn. In principle, regarding aromaticity, we
conclude that neither form 1a nor 3a can be aromatic
since their optimized conformations are non-planar.
However, the energy gap between forms 1a and 1b and
between 3a and 3b is so small that even if non-planar
structures are the most stable in the gas phase, the
flipping movement of the SO; moiety above and below
the molecular plane should proceed very rapidly.

On the other hand, the puckering of the ring, in
either 1a or 3a, is so small that the perturbation of the
MOs of the forms 1b or 3b is also very small. It should
be taken into account, however, that all these species
have very large dipole moments, which means that in
the crystal the intermolecular interactions must be sig-
nificant. These interactions may favour a puckering
of the ring and the flipping movement might be prohi-
bited.

The most stable ring conformation for the OH
tautomer (2a) is planar and, according to this criterion,
this tautomer could be aromatic. However, an examina-
tion of its electronic distribution (see Figure 2) clearly
reveals the ylide nature of the OH tautomer.

In contrast to 2-pyrimidinones, 1,2,6-thiadiazine
1,1-dioxides resulting from the replacement of the CO
by the SO, groups are non-aromatic, which explains the
difference in stability of pyrimidinone tautomers
(NH > OH » CH)"" compared with those of 1,2,6-
thiadiazine 1,1-dioxide (NH > CH » OH).*
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