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A theoretical study on the conformational interconversions in 1,3-dithiane 1,1-dioxide (1,3-dithiane sulfone)
has been carried out. Nineteen conformations have been considered. Four minima and five transition states
have been identified. A description of the inversion-topomerization process of 1,3-dithiane sulfone is presented.
Calculations show that two transition states are associated with inversion and three more with topomerization.
IGLO calculations of théJc—y; one-bond coupling constants in 1,3-dithiane sulfone have also been carried
out. These constants are compared with those obtained for 1,3-dithiane, thiane, and thiane sulfone and their
magnitude is explained in terms of stereoelectronic interactions.

Introduction TABLE 1: B3LYP/6-311+G(d,p) Thermochemical Data for
Conformers and Transition States of 1,3-Dithiane Sulfone

B3LYP/6-311-G(d,p)

The conformational properties, geometric parameters and
stereoelectronic hyperconjugative interactions of carbocycles and

heterocycles are of considerable interest to a wide range of  Species Ee? ZPP TCHe s
scientists because of the important roles that they play in many chair, 1 —1104.151203 0.123624 0.132623 367.81
areas of scienceMore than fifty years ago, Bart8published 1,4-twist,2 —1104.146903  0.123609 0.132736  372.50
a paper relating cyclohexane conformation to the physical and 25-twist3 ~ —1104.145538  0.123656  0.132828  374.47
3,6-twist,4 —1104.143321 0.123717 0.132870 375.69

chemical propertles of. cyclohexanoid systems. Slr)ce then, the 1d-boat §]° —1104.141363 0.123631 0.132065 358.36
conformational analysis of cyclohexane and substituted cyclo- 5's poat 6 —1104.143277 0.123562 0.131876  355.39

hexanes, as well as substituted and unsubstituted heterocyclo-3,6-boat, 7]* —1104.145119 0.123448 0.131847 357.71
hexanes, has been extensively studied experimentally and [TS-1]* —1104.137556  0.123522 0.132016 363.29
computationallyt:3-6 There is a large body of information on ~ [TS-2I* —1104.138063  0.123457  0.131933 361.04
the chair conformers of substituted saturated six-membered 2 Ejectronic energies, in Hartre€sZero-point vibrational energies,
heterocycles but only a few ab initio or density functional theory in Hartrees® Thermal correction to enthalpies, in HartregEntropies
studies on the mechanisms of conformational interconversionsin J mof* K%,
in unsubstituted heterocyclohexarfeShe investigations on
substituted saturated six-membered heterocyclohexanes have
almost exclusively dealt with possible chair conformers to obtain
their geometries, degree of puckering and, in particular, energy
differences between axially and equatorially substituted struc-
tures?

It is generally accepted that the path for the conformational
interconversion of cyclohexane is chair [half-chair/sofaf —
twist — [boatF — twist — [half-chair/sofat — chair, with the 1
free energy of activation of inversion being associated with the
step chair— [half-chair/sofa}. This barrier is in the range 40
45 kJ mot1.7a

Over the past few years, we have been involvied the
systematic experimental and theoretical thermochemical study
of selected sulfur six-membered heterocycles: 1,3-dithiahe,
1,4-dithiané® 1,3,5-trithian€ thiane sulfoné¢ thiane sulfoxidéd

J

Figure 1. Chair conformation of 1,3-dithiane sulfone.

1,3-dithiane sulfon& and 1,3-dithiane sulfoxid®.In this work,

we have carried out a theoretical study on the conformational
interconversions in 1,3-dithiane 1,1-dioxide (1,3-dithiane sul-
fone), investigating the possible stereoelectronic hyperconju-
gative interactions in various conformers and transition states.

* Corresponding author. Tel: 34 91 561 94 00. Fax: 34 91 564 24 31.
E-mail: rnotario@igfr.csic.es.
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Figure 3. 1,4-Boat [5]%), 2,5-boat [6]%), and 3,6-boat[{]*) conforma-

14
tions of 1,3-dithiane sulfone. {
were fully optimized at the B3LYP/6-3H#G(d,p) level of A J J§ , J
theory. The B3LYP modétis the combination of Becke's three- '
parameter hybrid exchange functiolalith the Lee, Yang and ' J ",
J

Parr (LYP) correlation functiond® The basis used was
6-311G*15including polarization and diffuse functioA&We
have used density functional theory (DFT) because it provides 16 17
electron correlation, which is often important in conformational
studies'” Diffuse functions are important for molecules with a .{
{ Jd

15

lone pair of electrons, and polarization functions have been
useful in computational studies involving hyperconjugative
stereoelectronic interactions and involving structures containing
third row elementg¢

Frequency calculations were carried out at the same level of J
theory. The zero-point vibrational energies were scaled by the - o

8
faCtor_ 0'980& . . . Figure 5. 1,4-Sofa (4 and15), 2,5-sofa 16 and 17), and 3,6-sofa
Intrinsic reaction coordinate, IRC, calculatidhsat the (18 and 19) conformations of 1,3-dithiane sulfone.

B3LYP/6-31HG(d,p) level of theory were carried out on the
optimized transition states to obtain the two minima on the Results and Discussion
potential energy surface, PES, connected by each transition state.

. . A. Conformational Interconversion. By analogy with
The B3LYP/6-31%G(d,p)-calculated electronic energies, cyclohexane and the six-membered heterocyclic rintere
zero-point vibrational energies, thermal correction to enthalpies, 56 19 conformations to be considered for the conformational
and entropies for all the minima and transition states involved jhtarconversion of 1,3-dithiane sulfone. All of them are shown
in the conformational interconversion of 1,3-dithiane sulfone j, Figures 1-5.
are given in Table 1. Vibrational frequency calculations identified four stationary
BP/IGLO-1I//B3LYP/6-311++G(2d,2p) calculations of the  states of minimum energy: chair(see Figure 1), and the three
1Jc—n one-bond coupling constants of 1,3-dithiane sulfone have twist conformers 1,4-twisg, 2,5-twist,3, and 3,6-twist4 (see
also been carried out. Figure 2); and three transition states, the three boat conformers
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Figure 6. Positions of the substituents in 1,4-twist (a), 2,5-twist (b) and 3,6-twist (c) conformers of 1,3-dithiane sulfone.

TABLE 2: Bond Lengths, in Angstroms, for the Chair
Conformer, 1, of 1,3-Dithiane Sulfone, Calculated at the
B3LYP/6-311+G(d,p) Level

S—C 1.833
Co—S 1.814
S—Cs 1.837 )
Cs—GCs 1.531
Cs—Cs 1.532
Ce—S1 1.820
S1—Oax 1.466
S1—Oeq 1.469 20
—H 1.092
gE_HZ: 1.830 Figure 7. Hypothetical planar conformation of 1,3-dithiane sulfone.
C“::ax 183411 TABLE 3: Bond Lengths, in Angstroms, for the Three
C“_Heq 1093 Twist Conformers of 1,3-Dithiane Sulfone, Calculated at the
CZ—HaX 1096 B3LYP/6-311+G(d,p) Level
eq .
Cs—Hax 1.093 1,4-twist,2 2,5-twist,3 3,6-twist,4
Co~Heq 1.092 S—C 1.846 1.853 1.829
] Co—S 1.809 1.824 1.820
1,4-boat,[5]* 2,5-boat,[6]*, and 3,6-boat]7]* (see Figure 3). S—Cy 1.849 1.839 1.850
The calculated bond lengths for the chair and the three twist C4—Cs 1.539 1.541 1.530
; ; Cs—Cs 1.530 1.535 1.536
conformers are given in Tables 2 and 3. It has to be noted that Com8, 1830 1816 1837
in thg case of twist qonformations the(e are three possible Sf,o,/,ax ' 1.471 1.466
positions for the substituents: pseudoaxighd, pseudoequa- S1—Otpeq 1.467 1.468
torial (yeq), and isoclinal (iso) (see Figure 6). ~Oiso 1.465/1.470
. . Co—Hyax 1.090 1.091
The chair conformer is 11.3, 14.9 and 20.7 kJ mol Co—Hpeg 1.090 1.090
respectively, more stable than the 1,4-twist, 2,5-twist and 3,6- C,—Hi, 1.089/1.091
twist conformers. The thermodynamic parameters for conform-  Cs—Hyax 1.091 1.092
ers and transition states of 1,3-dithiane sulfone relative to the g“*:’/’eq 1091/1.092 1.090 1.090
. . . 4 ; . .
most stable chair c_onform_er are glven.m Table 4. _ CS_H$aX 1,094 1.094
There are also six possible half-chair structures (see Figure Cs—Hyeq 1.094 1.095
4): the 1,4-half-chairs8 and9, the 2,5-half-chairs10 and11, Cs—Hiso 1.092/1.094
and the 3,6-half-chaird,2 and13; and six sofa structures (see ge:ﬂzﬁ‘x i'gg? i'ggg
Figure 5): the 1,4-sofad4 and 15, the 2,5-sofas]6 and 17, CoHig | ' ' 1.090/1.092

and the 3,6-sofasl8 and 19. The hypothetical high energy

Hy,x
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planar form (see Figure 720, is not expected to be involved  [TS-2]*, were obtained from the half-chair and sofa structures
in the conformational interconversion mechanisms. (see Figure 8)[TS-1]* was obtained from structurés 10, 12,

All the half-chair and sofa structures are not minima on the 13, 14, 16 and19, and [TS-2]* was obtained from structur&s
potential energy surface. Two transition structuf&s-1]* and 11, 15, 17 and18.
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Figure 8. Transition structures obtained from the half-chair and sofa
conformations of 1,3-dithiane sulfone.

TABLE 4: Thermodynamic Parameters (kJ/mol; Relative to
the Chair Conformer) for Conformers and Transition States
of 1,3-Dithiane Sulfone

B3LYP/6-311-G(d,p)

Notario et al.

boat,[6]* suggest that it is the barrier to the interconversion of
the conformers 1,4-twis®, and 3,6-twist4, and those at 60.7i
cm™! for 3,6-boat,[7]* suggest that it is the barrier to the
interconversion of the conformers 1,4-twigt, and 2,5-twist,

3.

IRC calculations on transition staf€S-1]* at the B3LYP/
6-311+G(d,p) level of theory connected the chdir,and 1,4-
twist, 2, conformers (see Figure 9); and IRC calculations on
transition statdTS-2]* at the same level of theory connected
the chair,1, and 2,5-twist3, conformers (see Figure 10). The
free energy diagram for the chair-chair interconversion of 1,3-
dithiane sulfone is showed in Figure 11.

We have recently statétithat the conformational process,
being a dynamic phenomenon, cannot be satisfactorily described
in terms of isolated stationary states. Therefore, it is necessary

A AR AMw  AGw to describe it in t f f element formational

—— o describe it in terms of a group of elementary conformationa
%gmig ﬂ:g ié:g iézg ig:i stages constituted by a transition state and the two minima it
3:6-twist:4 20.7 20.9 21.3 19.0 conngact§,l similar to thg elementary stages useql to describe
1,4-boat, pJ* 25.8 25.9 24.4 27.2 reaction mechanisn?3.Figure 12 shows the inversion process
2,5-boat, p]* 20.8 20.6 18.9 22.6 of chair 1.

- ¥ L. .
F}%_bﬁf‘t’ n %g'g égg %2'2 %g'g Similar to what has been observed in the case of oxane and
[TS-2)* 345 341 327 347 thiane?! there are two independent processes that share two

common intermediaries. The annular inversion process is

IRC calculations at the B3LYP/6-3#1G(d,p) level were  controlled by two transition statefTS-1]* and[TS-2]*, Figure
carried out to determine the two minima connected by the 12) that are found at 35.8 and 34.5 kJ mabf the chair. It is
corresponding transition structure. The respective geometriesinteresting to point out that this value is smaller than that
of the 1,4-boat[5]*, 2,5-boat[6]*, and 3,6-boaf7]*, transition required for annular inversion of cyclohexane (42.9 kJ Thol
states were essentially unchanged after attempted IRC calcula@t 213 to 223 K}, or oxane (43.1 kJ mot at 212 K)? but is
tions. A similar behavior in the case of transition states derived Closer to the inversion energy in thiane (39.3 kJ Thalt 192
from boat structures has been observed in the study of thtane, K),? or 1,3-dithiane (39.3 kJ mot at 193 K)2*In comparison
1,3-dithian€’9 1,2,3-trithiane’" or 3-silathiacyclohexan®.Al- to the other systems described where the heteroatom and
though it is qualitative, the animated displacements at the methylene at position 4 control the inversion process, the sulfone
imaginary frequencies permit us to establish what conformers of 1,3 dithiane, the methylenes at position 2 and position 5
are connected by the TS. So, the animated displacements at 95.1¢ontrol annular inversion as shown on transition stff&s1]*
cm! for 1,4-boat,[5]%, suggest that it is the barrier to the and[TS-2J%, respectively.
interconversion of the conformers 2,5-twi8t, and 3,6-twist, The barriers required by skewed bo&sand 4 to reach
4. Similarly, the animated displacements at 43.8i &iffior 2,5- transition state§ and6 respectively are very small (1.1y 0.1
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Figure 9. IRC calculations at the B3LYP/6-33#15(d,p) level connecting chair and 1,4-twist conformers of 1,3-dithiane sulfone through the TS-1
transition state.
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Figure 11. Free energy diagram for the chair-chair interconversion of 1,3-dithiane sulfone.

kJ mol1). The barriers associated with skewed bdatnd 4 and? to reach transition statésand6, 10.9 and 9.5 kJ mot
when transition statesand5 are reached can also be considered are needed. These barriers are unusually high for a topomer-
low (4.7 and 5.1 kJ mol, respectively). However, for boals ization process and will certainly have an impact on the entropy
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Figure 12. Topomerization and inversion processes in 1,3-dithiane sulfone.

of the system. The rest of the stationary states that can be(NPE in this paperAlJc-y = YJc-He, — e+, > 0) and is
usually interpreted in terms of arx > o*c—n, (X = O, N)

interaction between a pair of nonbonded electrons on oxygen

optimized lack physical sense.
or nitrogen and the axial (antiperiplanar) adjacenttGy bond?”

B. Manifestation of Stereoelectronic Interactions on the
Magnitude of 3Jc—y One-Bond Coupling Constants.The
seminal contributions for the development of the useful cor- that weakens such bond and results in smaller coupling constants
relation between €H bond orientation and the magnitude of (see Figure 13b).
the correspondingJc-1 one bond coupling constant are due to In contrast, sulfur-containing 1,3-dithiane analogues have
Perlin and Casgé? Most appropriately, Wolfe et al. proposéd been showf? to exhibit an opposite behaviotdeq < 1Jay, Which
some years ago that stereoelectronic effects upon one-bekld C  now represents a “reverse” Perlin effect (RPE in this paper,
coupling constants be termed “Perlin effects”. ANc-1 = e -teq— We-nax < 0, Figure 13c). This reversal of
In particular, the magnitude of the one-boneti@ coupling the relative magnitude of the coupling constants in 1,3-dithianes
constant for an axial €H bond adjacent to oxygen or nitrogen was explained by Wolfe et 8:2°as a result of dominantc_s
in a six-membered ring is smaller by-88 Hz relative to"Jc—n — 0% c—Heg (rather than B— 0* c—nay) interaction (Figure 13d).
In the present work, theoretical calculation of the optimized

in the corresponding equatorial bond, i}86-+,, > Jc-h,, (€€
Figure 13a). This situation represents a “normal” Perlin effect structure [B3LYP/6-31++G(2d,2p)] of 1,3-dithiane sulfone,
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Figure 13. Normal Perlin effect in oxygen-containing six-membered ring heterocycles and reverse Perlin effect in 1,3-dithianes.
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1,3-dithiane sulfone, 1

154.2 Hz
137. 3 AlJe.; = -8.0 Hz (RPE)
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132, 9 $%\/

Aoy = -2.8 Hz (RPE) { 127. 4/"'
130.2

Aoy = -4.4 Hz (RPE) {

1,3-dithiane, 21
Figure 14. ExperimentalJc—y one-bond coupling constants measured for 1,3-dith#hend calculatedJc-4 one-bond coupling constants for
1,3-dithiane sulfond.

1, was followed by estimation of th&c_y one-bond coupling It is anticipated that thec—so, orbital in sulfonel will not
constants [BP/IGLG11I//B3LYP/6-311++G(2d,2p)]3° Figure be as effective donor relative to the dongy—s orbital in 1,3-
14 collects the calculated data for al-€l one-bond coupling dithiane21.

constants inl, which includes for comparison purposes the To facilitate the comparison of data inand 21, Figure 15
values obtained experimentally for 1,3-dithia@d,280c collects the calculatetlc—y one-bond coupling constants for
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Figure 15. Calculated [BP/IGLO-III/B3LYP/6-3116&+(2d,2p)] coupling constants in thiar®2 (ref 31) and thiane sulfon23 (this work).
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Figure 16. Dominant stereoelectronic interactions operative in thiane
22 (RPE,A]'JC(ZVG)»H =-0.1 HZ) and thiane sulforz3 (NPE,Al\]o(zvsyH
= +2.8 Hz).

thiane,22, in ref 31, as well as the calculated (this wotB}_y
one-bond coupling constants in thiane sulfo?@&,

(3) No significant change in the values of the-B one bond
coupling constants is appreciated at the more distant (relative
to the sulfur group) gamma methylene.

Interpretation of the 1Jc—y One-bond Coupling Constants
Calculated in 1,3-Dithiane Sulfone, 1.The information col-
lected in Figures 15 and 16 facilitates the interpretation of the
C—H one-bond coupling constants calculated for 1,3-dithiane
sulfonel (Figure 14).

(1) At C(2), the methylene group adjacent to both the thioether
and sulfonyl sulfur atoms, the large RPEcpy-n = —8.0
Hz) encountered in 1,3-dithiarZl diminishes significantly to
(A%c) -1 = —3.8 Hz). This observation can be explained in
terms of the loss in sulfonkof one of the twasc—s — 0% c2)-He,
interactions that weaken the equatorial C{®) bond in 1,3-
dithiane?62831and the simultaneous participation @),

— 0*s-0,, delocalizatior?? that weakens the axial-cH bond
in the sulfone.

As was recently shown by Alabugff,the natural bond
orbitals (NBO) method developed by Weinhold and co-workers

Salient observations_ from the comparison of the cglculated is a very useful theoretical method for the study of hypercon-
1Jc-1 one-bond coupling constants presented in Figure 15 jugative interactiond* In particular, NBO analysis gives the

follow:
(1) The reverse Perlin effect (RPE) operative at C(2,6) in
thiane22 (AlJc-y = —0.1 Hz) is in contrast with the normal

Perlin effect (NPE) observed for the same methylereHC
bondsa to the sulfonyl group in thiane sulfor28 (AlJc—p =
+2.8 Hz). It is apparent then that the dominarg-s —

energies of the delocalizing interactions that are weakening the
C—H bonds of interest. These energi&sd) are obtained by
the deletion of the corresponding Fock elements and followed
by the recalculation of the wave functié#?

Table 5 summarizes the NBO-estimated energies of deletion
(Eqge) for the main hyperconjugative interactions in thia2

0% c(2,6)-Heq StEreoelectronic interaction that weakens the equato- and thiane sulfon23. Table 5 includes the calculated difference

rial C—H bonds adjacent to sulfur in thiarg?628.31 (Figure
16a) is overcome byc(,6)-H. — 0% s-0, delocalizatiod? in

thiane sulfone23, weakening the axial C(2,6Hax bonds and
resulting in the observed NPE (Figure 16b).

(2) The substantial RPEALIc3 51 = —2.6 Hz) found at
the 8 methylenes in thian22 dwindles significantly in thiane
sulfone23 (AWci 51 = —0.9 Hz), owing to the diminished
donor ability of theoc-so, orbitals relative tooc-s donor
orbitals. Thus, C(3,5)Heq presents a largetdc_ one-bond
coupling constant in the sulfone, from 121.90 H2Rto 125.4
Hz in 23.

in energy between the donor and acceptor orbitals of interest.
As anticipated, the magnitude of the two-electron/two-orbital
hyperconjugative interaction depends inversely on the energy
gap between the donor and acceptor orbitals. Thus, as evidenced
by the analysis of the €H bond strength presented above in
terms of the relative magnitude of one-bond coupling constants,
the small energy difference encountered between the dsnor
(Cz,6—Hax) and accepton*(S—0Oa,y) orbitals in thiane sulfoné

(AE = 0.82 Hartrees) results in a substantial delocalizing
interaction Ege) = 2.27 kcal mot?). In contrast, although the
calculated energy difference between the potentially donor
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