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The review deals with one of the problems of dynamic stereochemistry—the conformational analysis of six-membered
heterocycles containing bivalent sulphur. The general conformation characteristics of the above class of compounds

are reviewed.
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I. INTRODUCTION

The extensive use of conformational concepts in the
interpretation of various transformations of organic com-
pounds is due to the relative simplicity and largely uni-
versal applicability of the main postulates of conforma-
tional analysis. On the one hand, it involves (at least in
jts commonest form) taking into account the steric inter-
action of non-bonded groups of atoms (usually repulsion),
from which the most stable conformation is deduced, and,
on the other, the steric hindrance in various conformations
to the approach of the attacking agent. However, it is
quite evident that the presence of a powerful additional
non-steric interaction between two or more groups in the
molecule could allow the relative stability to be deter-
mined precisely by this factor. Such additional inter-
actions (usually regarded as “effects” specific to the given
group) are associated mainly with the introduction of polar
functional groups and heterocatoms. Hence the unusual
conformational behaviour of heterocyclic compounds in
relation to their alicyclic analogues becomes understand-
able.

The replacement of a carbon atom in an alicyclic system
by a heteroatom can lead to a change both of molecular
geometry and of electronic structure. Although the influ-
ence of a change in geometry is to a rough approximation
often insignificant, particularly in a purely qualitative
treatment, nevertheless on passing to a quantitative treat-
ment this inevitably leads to the conformational non-
equivalence of the individual positions in the molecule and
hence to a wide variety of conformational behaviour of
these systems. Sometimes such geometrical changes are
shown also on a qualitative level. The change in electronic
structure leads to a change in the electric moments,
polarity, and degree of solvation, etc. of heterocyclic
systems compared with their alicyclic analogues, which
is also bound to have an effect on their conformational
properties.

. Derivatives of 1,3-oxathiane and 1,3-dithiane

. Derivatives of 1,4-oxathiane and 1,4-dithiane

. Heterocycles with several sulphur atoms

. Sulphur-containing heterocycles with a multiple bond in the ring

The aim of the present review is to examine the con-
formational behaviour of six-membered systems containing
a bivalent sulphur atom. Fairly extensive experimental
data have now accumulated, demonstrating the fundamental
difference between the conformational behaviour of sul-
phur-containing heterocycles and not only the correspond-
ing alicyclic compounds but also the analogous oxygen-
containing heterocycles. This is why we thought it useful
to review the available literature data on the conforma-
tional behaviour of six-membered heterocycles containing
a bivalent sulphur atom and to formulate its characteristic.

. GENERAL PROBLEMS IN THE CONFORMATIONAL
ANALYSIS OF SULPHUR-CONTAINING COMPOUNDS

The chair conformation of cyclohexane is the most
stable and the difference between the energies of the boat
and chair forms is estimated as 5-7 kcal mole™
(Table 1) *~°. On passing to heterocyclic compounds, the
fundamental problem is the change in the energy difference
between the chair and flexible conformations (twist-boat).
This difference may be related to a change in the barrier
to rotation about the C-heteroatom bond compared with the
C-C bond. The barrier to rotation about the C-S bond
(2.1 kecal mole™" in dimethyl sulphide % is smaller than
that to rotation about the C—C bond (3.4 kcal mole™ in
propane ®. Thus, since the eclipsed conformations of
sulphur-containing heterocycles are energetically less
favourable than those of carbocyclic compounds, presum-
ably compounds of the first kind will show a greater
tendency towards existence in the boat
conformations. We may note also that the flagstaff—
flagstaff interaction, which destabilises the boat con-
formation, is likewise weakened by virtue of the greater
length of the C—8 bond. For example, in 1,3-dithiane
this distance is 2.4 A, while in 1,3-dioxane it is 1.46 A, °®
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Numerous experimental data on the geometry of sul-
phur -containing heterocycles (derivatives of oxathiane ”°
and dithianes®*) show that they exist in the chair con-
formation, which is the main, most stable conformation.
However, there are reliable experimental data showing a
decrease of the energy difference between the chair and
flexible forms. For example, the study of the epimerisa-
tion of 2,5-di-t-butyl-1,3-dithiane showed that the differ-
ence between the enthalpies of these conformations,
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is 3.4 keal mole™ (Table 1), ***

Table 1. Thermodynamic parameters of the conforma-
tional equilibria of the chair/twist type.

System 4G50, keal mote’d AH, kcal mote”! AS, cal mole'! deg'l| References
Cyclohexane 4.9 5.9 3.5 2
1,3-Dioxane 5.7 714 4.8 14,27,28
1,3-Dithiane 1.8 3.4 5.3 13,14

Cchlohexene exists in the stable half-chair conforma-
tion 1577 and the “sofa” conformation is in many instances
more stable only for polycyclic compounds*®. There

is also evidence that this conformation predominates for
certain sulphur-containing heterocycles % (see Section

mi, 6).

Here special emphasis must be laid on the fundamental
difference between sulphur-containing heterocycles and
their oxygen analogues. Bearing in mind that the barrier
to rotation about the C—O bond is greater than for the C-8
bond ?° (2.7 keal mole™ in methyl ether *'), the energy
difference between the chair and boat conformations of
oxygen-containing systems is presumably the same as for
cyclohexane. There has been a fairly lively discussion of
this problem in the literature; however, the evidence in
support of the dominance of boat conformations is
frequently based on incorrect theoretical postulates or an
incorrect interpretation of experimental data. (See, for
example, the discussion concerning 1, 4-dioxane deriva-
tives 2'54.) The theoretical estimates of the enthalpy
differences between the two conformations of tetrahydro-
pyran>®® (3.9 kcal mole™) and 1,3-dioxane ** (2.2 kcal
mole~?) evidently cannot be regarded as satisfactory
because they were derived taking into account the barrier
in methanol, whereas it would be more logical to employ
the barriers to rotation in etherst. Reliable experimental
data on the thermodynamics of epimerisation and the
heats of formation of 1,3-dioxane derivatives yield
7.1 keal mole™ for the difference between the enthalpies
of the chair and boat forms *?7"?, The thermodynamic
parameters of the conformational equilibrium of the
chair-twist type for the cyclic compounds under con-
sideration are compiled in Table 1.

Thus the specific features of sulphur-containing
heterocycles should be revealed in a tendency towards an

TThe conclusion that the energy difference between the
above conformations of 1,3-dioxane is reduced® is like-
wise unsatisfactory owing to the neglect of the eclipsed
butane conformations.
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increased fraction of boat conformations in conformational
equilibrium; this should be particularly true of hetero-
cycles with several heteroatoms.

Next, the replacement of a carbon atom by a sulphur
atom in a six-membered alicyclic compound should lead
to an appreciable distortion of the geometry of the ring,
since the length of the C—S bond (1.81 A) ** is much
greater than that of the C-C bond (1.52 A) and the C-S-C
angle (about 100°) "~*? differs appreciably from the tetra-
hedral value. This should lead to an increase of the
degree of puckering of the ring and a change in the magni-
tude of the 1,3-diaxial repulsion.

We shall consider the effect of these factors on the
conformational characteristics. An increase in the degree
of puckering should lead to an increase of the dihedral
angles in the ring.
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The dihedral angles for cyclohexane®® (see Buys and Geise®?
for a comgilation of data on cgclohexane), dioxane®!,
oxathiane®***, and dithiane®**® are shown in diagrams
(D-(IV). The “average dihedral angle” has been intro-
duced®* as a parameter characterising the puckering
or flattening of the ring. For the above compounds, the
values of this parameter are 54.5°, 57.9° (Romers
et al.®), 58.3° (Schultz et al.®), and 65° (Schultz et al.*®)
respectively, which also confirms the above view. Thus,
whereas the cyclohexane ring is flattened, the introduc-
tion of a sulphur atom leads to an appreciable increase
of the dihedral angles.

Table 2. The parameters R for certain six-membered

1 I 1 Iy
X v trans cis R [Refs, | x v trans’ cis .
Ho i i R .Refs
CD, | CD, 8 3.65 | 2.20 40 S S 8.11 2.40(3.38 | 36
o] 6.11 2.7812.20| 3 | O CD, 7.41 3.87 1.9 37
0o s 7 2.6512.171 36 S CD, 8.54 3.26)2.61| 37

Analogous data were obtained in a study of the confor-
mations in solution by *H NMR. The protons of adjacent
methylene groups of 1,4-heterocyclic systems give rise
to the AA'BB' signal in the spectrum, from which one can
obtain experimental values of Icig and ltrans. The first is
equal to Jae and the second to 3(faa + Iee). Their ratio
R = Rrans/Icis is a parameter characterising the distor-
tion of the chair conformation®*~°, For a normal chair,
R = 2,2, while for a puckered chair the parameter should
be greater *®™*. Table 2 lists the values of Itrans, Icis,
and R for a series of six-membered rings. Evidently
all the sulphur-containing compounds have significantly
higher values of the parameter R, reaching 3.38, which is
evidence of a very marked increase of the dihedral angle
in the ring.

We shall examine the variation of the 1,3-syn -axial
interaction in sulphur-containing rings. The C;=Cqe)
distance in tetrahydrothiopyran (V) is greater than in
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cyclohexane, because the smaller C-S—C valence angle
compared with C—C-C does not compensate the increased
C-S bond length. For example, the C(;—C, distance in
dithiane is 2.8 A, °~'*** while in cyclohexane the distance
is 2.5 A.*¥*®% * Congequently this should lead to an
increase of the distance between R and Hja in tetrahydro-
thiopyran and henceto decreased 1,3-syn-axial
repulsion. Consequently the quantity AGR, charac-
terising the difference between the free energies of the
equatorial and axial conformers*?, will have a smaller
absolute magnitude in a series of sulphur-containing
heterocycles than in the cyclohexane series, as has been
confirmed experimentally ®~*". In this connection it is
important to emphasise also that the reverse situation
obtains with oxygen-containing compoynds: since the
C(2)~C (s distance in this case is 2.3 A, the steric inter-
action between R and Hy is much more pronounced '*2°,
This can be clearly illustrated for the isomerisation of
trimethyloxathianes (VI, a and b):

RH“ 4 2 ' 6
A7 N =R
52 5 S H S
i 3. b

% (\%))
It has been found that for this equilibrium -AH = 1.15 kcal
mole™, -AS = 0.04 e.u., and —AGzs0 = 1.16 kcal mole™*.
Thus the methy! group in the axial position is located
“ preferentiall‘ly” next to the sulphur atom at C(,,. Pihlaja
and Pasanen**~*® calculated by an additive procedure the
contributions of the individual interactions in 1,3-hetero-
cyclic six-membered systems, the relevant data being
presented in Table 3.

Table 3. The contributions of the 1,3-interactions44for
heterocycles with heteroatoms in the 1,3-positions ™.

Heteroatom | Interaction energy, kcal mole'1

H,5\-Meg) ofH,,\-Me 4 orH 4y -Me ¢, orl
(2)77%6) TR 2)~ M @) (4)"V%(6)
t Me(gy-1 (Me(s) - 3
}1(6) -Me(z) H(4)—Me(,2) Hg)-Me(q) (5) (6)]
] 2.035 2.035 0.885 0.46 0.46
s S 0,885 0.885 0.805 0.52 0.52
o S 2.20 1.05 0.73 0.74%

*The sum Me) — 1 + Me,, — 3.

Table 3 shows that the energies of the syn-axial inter-
action of the methyl group and the hydrogen atom in the
2- and 6-positions in dioxane and dithiane are 2.035 and
0.885 kcal mole™, i.e. differ by a factor of 2.3. We may
mention for comparison that AG for methylcyclohexane
is 1.7 kcal mole™.

The introduction into the ring of a heteroatom with a
lone pair of electrons gives rise to the problem of their
interaction with the axial substituent. The problem of the
existence of the “steric volume” of the electron pair of
the heteroatom as an effective conformational parameter
is controversial 7%, Table 3 shows that the repul-
sion of the axial methyl group in the 5-position from the
oxygen atom (0.46 keal mole™') is weaker than its repulsion
from the sulphur atom (0.52 kcal mole™), which may be
attributed to the increase of the van der Waals radius.
However, both these values are fairly low, which is the
reason for the possible existence of axial conformers.
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The most striking example is provided by 2,5-cis -disub-
stituted derivatives of 1,3-dioxane and 1,3-dithiane *~% in
which even the t-butyl group can assume the axial confor-
mation ®. However, in the presence of a polar substituent
the situation becomes more complicated. Dipole-dipole
repulsion or attraction between the substituent and the
heteroatom ** as well as interaction between the orbitals

of the lone electron pairs of the ring heteroatom and the
substituent become possible (“the hockey-stick effect”)*®
%57, see Section III, 4). However, a priori estimates for
dipole interactions in sulphur-containing compounds are
difficult, On the other hand, the overlapping of the
orbitals should become more marked on passing from
oxygen to sulphur by virtue of the greater spread of the

3p orbital of sulphur compared with the 2 orbital of the
oxygen atom. Possibly one should also consider the
difference between the degrees of hybridisation of oxygen
and sulphur atoms (the C—O-C and C-S-C valence angles
should be compared) and consequently the difference
between the steric directions of the orbital axes of the
lone electron pairs'®. We may also note that the most
striking effect of the conformational characteristics of
heterocyclic compounds is probably the anomeric

effect *~%. Bearing in mind the polar nature of this effect,
it should be expected also for sulphur-containing com-
pounds *.  Finally the sulphur atom can be formally
quadrivalent and sexivalent and hence tricoordinate and
tetracoordinate respectively. Such compounds have many
interesting conformational characteristics (see, for
example, Refs. 61-63); but their discussion is outside the
scope of the present review.

1. CONFORMATIONS OF SIX-MEMBERED SULPHUR-
CONTAINING HETEROCYCLES

1. Derivatives of Tetrahydrothiopyran

There are no data on the geometry of tetrahydrothio-
pyran (thiane), but ‘H NMR spectroscopic data %%
(Table 2) show that the compound exists in the puckered
chair form. The experimental barrier to the inversion
of tetrahydrothiopyran is 11.7 kcal mole™ ®7 (cf. 10.7 keal
mole™! for tetrahydropyran®”) and is therefore close to the
value for cyclohexane derivatives®, Systematic confor-
mational studies on functional derivatives of tetrahydro-
thiopyran have not been made either. In stereochemical
studies on compounds of this series attention was con-
centrated on the problem of the anomeric effect. The
equilibrium (VII) has been investigated ***7%° for a wide
range of 2-substituted tetrahydrothiopyrans and the pres-
ence of a distinct anomeric effect was demonstrated
[the predominance of conformer (VIIb) in the conforma-
tional equilibrium}:

R
S
L7, =0
R
a b S

(VID

where R = Cl, *" OH, ° OR, ***" SAIk, ®’*7 SAr, © or
SP(S)(OR)2. ©

The effect of the solvent on the position of conforma-
tional equilibrium is consistent with the polar nature of
the anomeric effect: on passing from CCL; to CHsCN, the
contribution of conformer (VIIb) diminishes. The ano-
meric effect is shown to a greater extent with the
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C-S-C-OR fragment than with C-O-C-SR. ** This
behaviour was explained by the weakening of the 1,3-syn-
axial repulsion in tetrahydrothiopyran (see Section II). It
must be emphasised that the anomeric effect has been
found for the C-S-C—SR fragment and therefore the
repulsion between the two sulphur atoms is fairly strong
and must be taken into account as one of the factors in
conformational equilibrium (0.7 kecal mole™ in carbon
tetrachloride®). As expected, the anomeric effect for
2- chlorotetrahydrothiopyran is fairly pronounced

(1.75 keal mole™).*’ We may also note that an appreciable
“benzene effect” has been found for 2-alkoxytetrahydro-
thiopyrans®¥*’, An interesting conformational features
has been noted for 3-hydroxytetrahydrothiopyrans®’.
Infrared spectroscopy revealed the presence of an mtra-
molecular hydrogen bond in this compound, but the exist-
ence of the latter is possible only for the axial conforma-
tion (VIIIb). We may also note that the axial conformer
(IXb) predominates in the conformational equilibrium of
the protonated form (IX)3":

a (vin b
[::]
H
L7 =N\
a b l!l

'H NMR data have shown that the geometries of the
rings of tetrahydrothiopyran and its S—methylsulphonium
salt are almost identical and R is in the range 2.3-2.6.°

2, Derivatives of 1,2-Dithiane

For aliphatic disulphides, the transoid conformation (X)
is not the most stable, as might have been expected on the
basis of elementary stereochemical cons1derat10ns. The
disulphide molecule has the zig-zag shape (XI), *°™ as
shown by quantum-mechanical calculations of the potential
curves for barriers to rotation about the S-S bond, and is
consistent with the concept of the so called “gauche-
effect” ™™, 1t is important to emphasise in this connec-
tion that such geometry of the disulphide bridge makes it
possible to incorporate it without much strain in the chair
conformation of the six-membered ring.

: ooH R
S oo

S HOOC s R” X—X R
I'd 0

R

N

g R (X1
a b c
(X) (X1) (X11) X=S X=S8 Xx=0
R=H R=Me Rz Me

There are few experimental data for 1,2-dithianes.
X-Ray diffraction analysis of {rans-1,2-dithiane-3,6-
dicarboxylic acid (XII) showed that the compound exists in
the chair conformation with the carboxy-groups in the
equatorial positions ™™,

A study of the temperature variation of the 'H NMR
spectra of 1,2-dithiane (XIIIa) showed that the free en ergy
of the mversmn of the chair form is 11.6 kcal mole™.
Similarly AG?%,,.¢ for the tetramethyl derivative (XIIIb) is
13.8 kcal mole~! (AS# = 6.7 e.u.) . This value is smaller
than for the corresponding oxygen- contaming analogue
(XIIic), where AGY,- = 14.6 kcal mole” L (AaS? = 14.4 e.n.).

Russian Chemical Reviews, 43 (2), 1974

It is particularly interesting that the curves giving the
energy as a function of the coordinate for the conforma-
tional transition of the last two compounds differ appreci-
ably from one another ”’. The authors attribute this to
different transition states in the inversion of these com-
pounds. Compound (XIIIc) undergoes inversion via an
asymmetric boat form (minimum) with two maxima
corresponding to conformations with planar five-atom
fragments. The maximum for the sulphur-containing
compound (XIIIb) corresponds to the symmetrical boat
conformation. This conformation is impossible for com-
pound (XIIIc) owing to the powerful repulsion of the methyl
group in the “flagstaff” position; such repulsion for the
sulphur-containing compound (XIIlb) is much weaker owing
to the increase of the C~S distance.

3. Derivatives of 1,3-Oxathiane and 1,3 -Dithiane

Six-membered systems with heteroatoms in the 1,3-
positions have recently been studied extremely vigorously.
The results of these investigations have been described in
several reviews *'¥ 14?94 ‘Therefore we shall confine
ourselves to an examination of the general relations
formulated in Section II. The preferential conformation of
1,3-dithiane is the chair form with an inversion barrier
of 10.4 keal mole™.”

The powerful influence of hydrogen bonds on the relative
stabilities of the conformations may also be noted. Thus
the axial isomer of 5-hydroxy-1,3-dithiane is more
stable than the equatorial isomer [aG = 0.5 kcal mole™
(Luttringhaus et al. ™) and 0.8 kcal mole™ (Abraham and
Thomas™)].

Derivatives of 1-aza-3-thiabicyclo[4,4 O]decane exist
in the chair conformation, like frans —decalm How-
ever, in the presence of the axial methyl group in the
7-position of compound (XIV) the conformation with the
trans-junction becomes less stable and conformer (XIVb)
with the cis -junction of the rings predominates in the
conformational equilibrium *

-1

4, Derivatives of 1,4-Oxathiane and 1,4-Dithiane

Numerous studies on the geometries of oxathiane 834
88 and dithiane °"'2?%%%8 8 ghowed that these compounds
exist in the chair conformation. The inversion barrier
for 1, 4-dithiane 1tse1f is unknown; however it amounts to
10. 05 kecal mole™ for the perfluoro-derivative®. A
distinct anomeric effect has been found for the trans 2,3-
and trans -2,5-dihalogeno-derivatives (XV, a and b), since
the halogen atoms occupy the axial positions ”#*°, Judging -
from the infrared spectra and the dipole moments, the
same conformation exists also in solution. It has been
found * that trans -3,5-dichloro-oxathiane (XVI) and also
polychloro-oxathianes (XVII) and (XVII) have the con-
formations represented below:

ROy T S

X
(XVa) (XVb) (xvin (Xviny
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However, we may note that these assignments are based
on the spin—spin interaction constants which sometimes
had an “intermediate” value of the order of 6 Hz. Possibly
this indicates the occurrence of conformational equilibria.
Although the anomeric effect has been found for the
majority of the compounds, for example (XV) and (XVI),
certain questions remain obscure. For example, it is
not clear why the diaxial repulsion between two chlorine
atoms leads to the predominance of conformation (XVIII)
but is not found in compound (XVII). The anomeric effect
has been found also for a series of polyfluoro-derivatives
of oxathianes and dithianes ®”%,

s e f
0/\/ 073\/ (o] N
XIx) (XX)

Unusual results were obtained in a study of the alkoxy-
derivatives of oxathiane. Detailed studies of various
2-alkoxyoxathianes by 'H NMR showed that the equatorial
conformer (XIX) predominates in the conformational
equilibrium *, in sharp contrast to 2-alkoxy-derivatives
of tetrahydropyran, tetrahydrothiopyran, and 1,4-diox-
ane *. For example, at least 50% of the equatorial form
is present in conformation equilibrium for 2-methoxy-
and 2-butoxy-1,4-oxathianes, These data were confirmed
by a study of the epimerisation of 2-alkoxy-6-methyl-,
2-alkoxy-6-hydroxymethyl-, and 6-acetoxymethyl-2-
alkoxy-1,4-oxathianes (XX) ">, Epimerisation leads to
an equilibrium in which the diequatorial isomer (XXa) (67%)
predominates, in sharp contrast to the behaviour of tetra-
hydropyrans®®,

A possible explanation of this phenomenon was based on
the “hockey-stick” effect *%°. The overlapping of the
orbitals of the substituent and the sulphur atom leads to
repulsion, because the two orbitals are populated by four
electrons. Such repulsion probably depends on the nature
of the heteroatoms (S > 0) and fine geometrical details
[for example, the relative distances 1 and l; in com-
pound (XX1)]:

1

% \‘1 0//il/ssk ms .

SR
(XxXn (XXiia) (XXIIb)

The position of conformational equilibrium for 3-pro-
pylthio- and 3-butylthio-1,3-oxathianes *** depends on
the solvent. In acetonitrile these compounds exist almost
entirely in the equatorial conformation (XXITa). An
increased content of the axial conformer (XXIIb) (25-40%)
is observed in carbon tetrachloride.

The data on the conformational behaviour of dithiane
derivatives are non-systematic. The anomeric effect has
been discovered for a series of 2-alkoxy- and 2-alkylthio-
1,4-dithianes by 'H NMR, * i.e. the axial conformation
(XXII) predominates. However, as noted by the authors
themselves, these data are based on arbitrarily selected
standard values of Jaa, Iae, and Jee and in the absence of
a large set of data for model compounds this conclusion
must be treated with caution. A distinct predominance
of the axial conformer was found for the tetraphenyl deri-
vative (XXIV).°® However, the corresponding butylthio-
derivative (XXV) exists in the equatorial conformation °5,
Possibly as a result of the large bulk of the sulphur atom,
the 1, 3-repulsion between the butylthio-substituent and the
axial phenyl group predominates in this case over the
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anomeric effect. The axial conformation (XXIV) is possi-
ble owing to the weakening of the 1,3-repulsion (see
Section II).

The reaction of thiobenzophenone with dihydropyran
leads to the bicyclic compound (XXVI) having the trans -
configuration®”®®, In this connection it is interesting
to investigate its epimerisation and to compare its stability
with that of the cis -isomer.

Ph Ph
Ph S\Z\S Ph
%\S\szz Bu. S Ph
R Ph h
Ph

R

L=

(xx111)

R=(a)R= OMe
(b) R = OEt
() R =OBu
(d)R = SBu

Pi
(XXIV) (xxv)

5. Heterocycles with Several Sulphur Atoms

As early as 1937, it was shown by X-ray diffraction
that 1,3,5-trithiane exists in the chair conformation®”%,
The inversion barrier is 11.0 kcal mole™ . However,
X-ray diffraction analysis of 3,3, 6,6-tetramethyl-1,2,4,5-
tetrathiane (XXVII) showed that in the crystal lattice this
compound has the true boat conformation (XXVII), the

sulphur atoms being displaced from the plane 100,

e e =

M
(xxviy ¢ (XX VI b

The studY of the conformations of this compound in
solution by "H NMR demonstrated the presence in the
equilibrium mixture of two conformers: the more stable
twist-form (XXVIIIa) and the less stable chair conforma-
tion (XXVIIIb). ** At -15°C the (XXVIIIa)/(XXVIIb) ratio
in carbon disulphide is 2.6 and AG%° = 16 kcal mole™?,

It must be emphasised that the oxygen analogue (XXIX) %2
and the nitrogen analogue (XXX) '® of compound (XXVII)
exist in the chair conformations. We may also note that
the inversion barrier for the thia-derivative (XXVIII) is
higher than for compounds (XXIX) (AG%° = 15.4 kcal
mole™) and (XXX) (AG* = 11.7 kcal mole™). An equili-
brium between the chair and twist conformations, with the
former predominating (80%) was observed also for the
bistetramethylene derivative (XXXI).!® The stability of
the chair conformation of (XXXI) was also demonstrated
by X-ray diffraction data *°':

01 T O]
o_ 0O R—N, N—R et .
(XXIX) (XXX) (XXX1)

It is interesting that, when crystals of tetrathiane
(XXVIII) are cooled to —80°C and dissolved at this tem-
perature in carbon disulphide, a solution of the pure twist
form is formed. Bearing in mind the above X-ray diffrac-
tion data, this finding implies that the boat/twist transi-
tion (XXVI) — (XXVIIIa) has an extremely low potential
barrier ',

Thus a minimal difference between the energies of the
twist and chair conformations (0.49-0.6 kcale mole™?) is
characteristic of tetrathiane (XXVIII). This finding can be
explained both by the factors discussed in section (II) and
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by additional factors among which mention may be made
of the syn-axial interaction of the electron pairs (“the
rabbit ear effect” '*) and the influence of the gem-dialkyl
groups (the Thorpe-Ingold hypothes1s concerning the
deviation of the valence angles '°®'%%),

Pentathiane exists in an exceptionally stable chair
conformation (XXXII). ' The 'H NMR spectrum at room
temperature shows the signal of the AB-system of the
equatorial and axial protons. The authors point out the
possibility of inversion at elevated temperatures but do not
quote experimental details. The separate signals of the
two cyclopentadienyl rings are also shown for the analog-
ous cyclic pentathia-compound (XXXII) at +30°C. How-
ever, coalescence is observed at 90°C and at 120°C the
spectrum consists of a sharp singlet, which indicates
rapid (on the NMR time scale) inversion of the six-
membered ring of compound (XXXIII) '°

-Ti.
52\574\“ N
Xxxm (XXXIID

6. Sulphur-containing Heterocycles with a Multiple Bond
in the Ring

As stated above (section II), the half-chair conformation
is the most stable for cyclohexene'®*™'". The “sofa” con-
formation is encountered in isolated cases'®. The data
concerning the most stable conformations of unsaturated
sulphur -containing systems are unfortunately limited.
The “sofa” conformation (XXXVI) has been adopted for a
series of th1achromans (XXXIV) and dihydronaphthothia-

pyrans (XXXv):'°

(XXXIV) (XXXV) XxXxvpy (XXXVI)

However, this conclusion was based only on the spin-spin
interaction constants using the Karplus equation and cannot
be regarded as very reliable. The “sofa” conformation
was also postulated for derivatives of 2,3-dihydro-6-
methoxycarbonyl-1,4-thiazine (XXXVII) “”'m but the
evidence supportmg this is doubtful too.

A number of studies have been made on the conforma-
tions of functional derivatives. A distinct anomeric effect
was found for 2-alkoxybenzoxathianes (XXXVII):!!?

M.oocz\s j Meoocﬁ @_ﬂ

a (XXXVID) XXXVIID)

The content of the axial conformer is in excess of 80%
and is almost independent of the nature of the alkoxy-
group., Interestin ng data were obtained for compounds of
type (XXXvII) '~ The methyl derivative (XXXVII)
(R = CHs) contains equal amounts of the equatorial and
axial forms, (XXXVIa) and (XXXVIIc), in conformational
equilibrium. The axial conformers (XXXVIIb) of com-
pounds (XXXVII, R = OH, OAc, CH:Cl, and CH:I) pre-
dominate in the conformatlonal equilibrium. The equili-
brium position for the methoxycarbonyl derivative
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(XXXVII, R = COOCHs) depends on the solvent: the con-
former (XXXVIIa) predominates in non-polar solvents,
while in polar solvents the equilibrium is displaced
towards the axial form (XXXVIIb). Evidently a detailed
interpretation of these results is fairly difficult.

The numerous “exceptions” found in conformational
studies on heterocyclic compounds clearly show that the
introduction of heteroatoms with lone electron pairs, which
cause an appreciable change in the geometrical relations
in the molecule, leads to the appearance of a new set of
properties, the understanding of which requires a develop-
ment of the principles of conformational analysis.
Although experimental studies have clearly demonstrated
the inadequacy of the theoretical concepts in the field of
conformational analysis, nevertheless it is already
possible to discover in broad outline the principal charac-
teristics of the conformational behaviour of heterocycles.
As shown by the present review, sulphur-containing com-
pounds exhibit interesting and even unique conformational
features, the further study of which will undoubtedly
promote a general progress in this branch of stereo-
chemistry.

-~-000---

Further reports were published **"**® during the period
when the review was considered by the editors.
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