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The u.v. and c.d. spectra of (—)-(S)-3-methylthian and the u.v., I.d., and m.c.d. spectra of thian have been analysed
by means of non-empirical MO calculations. While the n —= ¢* assignment of the transition at ca. 232 nm s con-

firmed, the absorption at ca. 214 nm is assigned to a ¢ —» ¢" (A, «— A,) transition.

The stereochemistry of

cyclic sulphur derivatives is discussed in the light of a symmetry rule previously proposed.

THE chiroptical properties of sulphur derivatives have
been the subject of recent interest.! Thiiran derivatives
have been investigated by several authors and the c.d.
associated to the » —» o* transition at ca. 260 nm has
been correlated with the molecular geometry by means
of symmetry rules.?3

The c.d. spectra of cyclic five- and six-membered
sulphides were analyzed by Rosenfield and Moscowitz
by MO semi-empirical calculations.? More recently,
Hagishita and Kuriyama?® used a symmetry rule
previously proposed for thiirans in an attempt to inter-
pret the c.d. spectra of several thiahydrindans; however
the effect of B-axial substituents could not be predicted.

In a continuation of previous research on the chirop-
tical properties and electronic transitions ot thiirans,6
we have extended our studies to 3-methylthian (I) in
order to (i) contribute to a conclusive assignment of
electronic transitions of aliphatic sulphides; (ii) evaluate

A
the effect of the C-S-C angle on the energy levels; and
(iii) obtain further information on the relations between
the stereochemistry and chiroptical properties.
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We thought 3-methylthian would be a suitable model
on account of its limited size which allows the use of
nonempirical MO calculations; the conformation of the
molecule is well known,? and its absolute configuration
was correlated with that of 2-methylglutaric acid through
the synthesis depicted in the Scheme (see Experimental
section).

C.d. and u.v. spectra of (I) are reported in Figure 1 and
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Absorption and c.d. spectra of (—)-3-methylthian
) and chloroform (- - —-)

show the typical trend of aliphatic sulphides. In
particular the moderately intense negative c.d. band at
ca. 230 nm is related to a very weak absorption without a
clearly detectable maximum; the positive c.d. at ca.
214 nm corresponds to an inflection and the positive c.d.
at ca. 200 nm to a maximum %3 (¢, 3 500).

The u.v.,L.d., and m.c.d. spectra of thian (11) are shown
in Figure 2. M.c.d. shows the presence of a very weak
additional transition in the region around 260 nm.

Computations and Assignments.—3-Methylthian (I)
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FIGURE 2

Absorption (
in n-hexane (upper part).
of thian in a nematic eutectic bicyclohexyl mixturc (lower

part). The m.c.d. scale is in AODy/G™?

has two possible conformers (A) and (B). The absorp-
tion and c.d. spectra are determined by the equatorial
conformer, which is by far the most abundant species
present in solution.? We have performed MO and

H
T =
H
S
CH, "
(A) (8)

configuration interaction (CI) computations for both
species, since recent c.d. measurements have shown that
cyclic sulphides with a B-substituent in the axial position
do not follow the symmetry rules proposed for the sign
of the rotational strengths of the electronic transition in
episulphides.® The computations have been performed
with a modified version of the Gaussian 70 8 system of
programs, using a standard set of STO/3G orbitals.

The orbital diagram for the two conformers is typical
of the sulphide chromophore. The highest MOs are two
o and one lone pair orbital (n); the lowest virtual MOs
are two o* ones, which in IFigure 3 have a label appro-
priate to C,, symmetry.

The value of the C—/§—C bond angle being the main
factor responsible for the orbital ordering in the various
classes of sulphides, the correlation of the orbital levels
of the thian to the MO levels of thiiran is easily under-
stood by a Walsh-type diagram as shown in Figure 3.

Using this orbital diagram, the thian is expected to
exhibit at low energy two #n — ¢* transitions

J.C.S. Perkin 11

(n —» a,*, n — b,*) and at higher energy two ¢ —»
o* (@, — a,*, a; —= b,*). On qualitative grounds,
this one-electron description of electronic excitation in
thian is to a large extent found to hold for the two iso-
mers. Nonetheless, the mixing of the various electronic
configurations due to CI is required to discuss the
chiroptical properties of this molecule. In fact after
CI, the » — b,* and 4, — a,* transitions in the

——by: —h

—qj . —b,
-—bz«’ A —a
{a) (b)

Ficure 3 Walsh-type correlation diagram of the orbital
levels of the thian (a) and the MO levels of thiiran (b)

axial conformer and the # — a,* and a; —» b,*
transitions in the equatorial form reverse the sign of the
rotational strengths.

A further improvement in the description of the electro-
nic excitations is easily obtained by using the ‘ random
phase’ approximation (RPA). This procedure allows
the inclusion of some important correlation energy
contributions to the optical activity. In addition, as
discussed by Bouman and Hansen,® RPA is the only
single particle-hole scheme, defined with reference to a
single determinant H-1" ground state, which satisfies the
general hypervirial theorem; this ensures, in the limit of
a complete orbital expansion, the equivalence of the
rotational strengths computed by different represen-
tations of the electric dipole operator. In one case, the
RPA method was found to offer significative advantages
over the CI method in the calculations of natural c.d.
intensities.1?

From a comparison of the computed and experimental
results, the following interpretation of the spectral data
emerges. At low energy the c.d. spectrum is dominated
by a large negative band, which is assigned to the
n — by* transition. This transition is nearly forbidden
in absorption but is magnetically allowed and therefore
gives rise to the intense (negative) c.d. at ca. 230 nm.
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The orbital diagram in Figure 3 indicates that the
transition is shifted to lower energies in episulphides.
Accordingly, most of the assignments of the u.v. absorp-
tions and c.d. intensities of this class of molecule locates
this transition at ca. 260 nm.

Since the two conformers of the unsubstituted thian
molecule are energetically equivalent, one can classify the
electronic transitions of this molecule according to the
Cqy (M) molecular symmetry group.11

The thian molecule is expected to assume in a liquid
crystalline matrix a disc-like orientation, ¢.e. molecular
packing with the mesomorphic molecules preventing
orientation of the  mean molecular plane " perpendicular
to the local director.

In the structure of the liquid crystal used as solvent
the presence of two cyclohexyl moieties certainly
strengthens the disc-like orientation of the thian molecule.

With this expectation a negative and a positive linear
dichroism (A;—4 | ) must be assigned to the out-of-planc
or in-plane polarized transitions respectively.1213
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absorption, since this transition should have lower
energy (see Figure 3) and negative c.d. (Table).

The m.c.d. spectrum (Figure 2) reveals a very weak
negative band at ca. 260 nm. This observed magnetic
rotational strength could originate from the #n — a,
transition * or a Rydberg-like transition.® We favour
the latter assignment, since the low absorption intensity
in the 260 nm region is not compatible with an allowed
#n —» a,* transition.

Since the n —» b,* and the #» —» a,* transitions are
predicted to be nearly degenerate, it is possible that the
two transitions appear in the same spectral region, with
the # —= a,* transition being in fact responsible for
most of the absorbed intensity (the 1.d. of thian has the
correct sign) and the # — b,* transition carrying most
of the c.d. activity.

As the a; —» b,* transition has positive 1.d. and
negative c.d. (Table), the absorption at ca. 200 nm
cannot be assigned to this state. Excitations from the
lone pair to virtual MOs of the alicyclic ring, not con-

Rotational strength (10740 ¢gs) computed for the lowest electronic transitions of the equatorial and the axial conformers
of 3-methylthian in the single configuration (a), CI (b), and RPA (c¢) using the dipole length (d) and the dipole

velocity (e) representation of the electric dipole operator

Equatorial conformer

Axial conformer
A

Electronic -

transition (), () (a), (e) (b),(d) (b),(e) (c),(d)
n->a* 1.3 0.8 —0.7 —0.5 —0.4
n—>Dy* —5.3 —4.3 —19 —1.8 —1.9
a->a* 0.7 0.8 1.0 1.0 1.1
a;—>b,* —0.1 0.6 —11.2 —5.4 —9.0

The L.d. spectrum indicates out-of-plane polarization
for the 230 nm band, probably due to a vibronic inter-
action of the excited nb,* state. Rosenfield and
Moscowitz 4 have assigned the next transition to higher
cnergy to the na,* excited state. The l.d. spectrum
clearly indicates that the transition at 212 nmhasin-plane
polarization. In addition, the rotational strength
computed in the more correct approximation for the
n — a,* transition has the sign opposite to the
measured c.d.

For these reasons we propose for the u.v. and c.d. band
at 212 nm the assignment ¢, — a,*, which is, according
to our RPA and CI computations, the only transition in
Figure 3 with positive c.d.

No definitive conclusions can be reasonably obtained
for the assignment of the 200 nm band and for the lo-
cation of the # —» a,* and a, — b,* transitions in the
measured spectra. In particular, the # — a,* transi-
tion is an unlikely candidate for the very intense 200 nm

* The magnetic rotational strength for the n—sc * transition is
proportional to the quantity in equation (i). With the assumption

Bon, = P-U)JZ(mru X U«sa)/(En - ]E») - Z(y‘na X m.vo)/(Es - Ea)} (1)

that the first term dominates the expansion, the B terms for the
two n—b, and n—=a, transitions are predicted to have opposite
values and 1n fact the 230 and 260 nm m.c.d. bands show opposite
signs.

Bmh‘ = Wna* * Mgy *p,* X U—nbg‘/(Enbz‘ - E”al‘) (11)
Bup* = tnd,* " Mp*a* X nay*/(Enay* — Enpg®) = —Buar (i)

: (@), (d) (@), (e (b),(d) (b),(¢) (c).(d) (), (e)
0.5 0.5 0.7 0.8 0.9 L0 0.8
2.0 1.1 0.6 —05 —05 —06 —06
1.2 —1.0  —08 3.4 3.5 2.3 2.5
4.9 —164 —9.6 —362 —241 —338 —21.0

sidered in Figure 3, should be considered for the absorp-
tion at 200 nm.

Optical  Activity and  Stereochemistry of Cyclic
Sulphides.—Since the assignment of the lowest 7 —» by*
transition appears unambiguous, and considering that
the symmetry rule previously proposed on the grounds
of a dynamic coupling approach is related to this transi-
tion,? stereochemical considerations will be derived only
from the low energy band of the c.d. spectrum.

On going from the symmetric thian to the methyl
derivative, * dynamic ’ optical activity arises due to the
mixing of the ¢ — o* transition of the methyl sub-
stituent.

In the case of the 3-methylthian molecule, this is
especially evident in the expression of the virtual MOs,
which have a considerable contribution from the o*
C-C exocyclic anti-bonding MO.

In the CI wave functions, the two important con-
figurations for the description of the excited states are
given by expression (1). As the mixing coefficient x is

[c;nl;z*[ + 2 cc*nn-] (1)

proportional to the two electron repulsion integral
(nby*|ac*), electrostatic arguments and multipole expan-
sion of the matrix element can be used to make a priors
estimates of the relative phases of the two components
of the excited state.3 For this purpose, it is useful to
make a distinction between the quadrupolar fields
arising from the one- and two-components of the nby*



1532

charge distribution. The polarization of the substituent
resulting from the ¢ — o* excitation will in general
minimize the electrostatic interaction between the oc*
dipole and the one- or two-centre components of the
quadrupolar field depending on the position of the sub-
stituent. This determines the direction of the induced
dipole moment in the substituent. With the assumption
that this contribution is the most important in deter-
mining the optical activity, the scalar product of the
induced electric dipole with the intrinsic magnetic
dipole of the # —» by* transition gives the sign of the
lowest c.d. band. By this procedure, a sector rule is
obtained, where the chromophore region is divided into
12 sub-regions or sectors as shown in Figure 4.

Ficure 4 Sector rule for the thian chromophore

This sector rule is obeyed by all sulphur compounds
investigated by Rosenfield and Moscowitz4 when the
substituent in (III)—(V) and the methyl substituent in
(VI) are placed into the first region, the contribution of
the ethylenic bridge in (VI) being neglected, due to its
symmetric nature. The c.d. spectra of equatorial 3-
methylthian investigated in the present study and of a
number of sulphur compounds studied by Hagishita and
Kuriyama 8 are also consistent with the sector rules in
Figure 4 when the substituents in the a-position with
respect to the sulphur atom are placed into the second
region [compounds (IX) and (X)].

The only apparent exception is provided by the
contribution of B-axial substituents [present in deriv-
atives (VII), (VIII), and (XI)], for which the sector rule
gives a rotational strength opposite in sign to the
experimental value when the substituent is assigned to
the first region.

Given the assignment proposed in the previous section
for the n —» by* electronic transition of 3-methylthian
with an axial conformation, the value of the rotational
strengths computed by the CI and RPA methods are in
qualitative agreement with the experimental results of
Hagishita and Kuriyama. On the other hand, the sector
rules in Figure 4 can be reconciled with the experimental
measurements of Hagishita and Kuriyama and with the
CI and RPA rotational strengths for the axial con-
former, by shifting the sector plane between regions I

J.C.S. Perkin II

and 11, as a result of the opening of the C<SC bond angle
in five- and six-membered rings. The position of this
plane is determined by the two centre overlap between
the 3p, lone pair and the 2p orbitals of C-2 and -6 in the

b,* antibonding MO. By opening the csc angle,
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the contribution of the 2p, orbitals increases considerably
(in thiirans the 2p, component is dominant) and therefore
the plane shifts towards the carbons.

Although this interpretation seems satisfactory, one
cannot in principle disregard other contributions to the
optical activity such as static couplings and through
bond interactions.!415 With regard to this last point
the considerable contributions to the description of the
o* excited orbital of the equatorial bonds in the C-3 and
-5 positions, which are in a WV relation to the sulphur
lone pair, seem remarkable.

EXPERIMENTAL

C.d. and m.c.d. spectra were measured using a JASCO
J-500A spectropolarimeter with DP-500 data processor.
U.v. spectra were measured using a Cary 14 spectrophoto-
meter. L.d. spectrum was recorded by a modulated tech-
nique (JASCO l.d. attachment to the J-500A spectro-
polarimeter) using a bicyclohexyl nematic liquid crystalline
matrix transparent to the u.v. radiation (E. Merck; ZLI
1167) and a surface coupling agent in order to get linearly



1981

anisotropic samples. The calibration and the experi-
mental details of the technique will be discussed elsewhere.!?
M.p.s are uncorrected. Optical rotations were measured
using a Bendix NPL polarimeter.

(+)-(S)-2-Methylglutaric acid was prepared by resolution
of the racemate with strychnine following the method
described in ref. 16. The acid had [«],, +22.5° (¢ 2, absolute
ethanol), m.p. 77—81 °C {lit.,2® m.p. 81 °C, [«],, +21.7° (¢ 5,
absolute ethanol}}. (4-)-(S)-Diethyl 2-methylglutarate was
prepared as described in ref. 7 for the racemate, [o], 22.5°
(¢ 2, ether). {—)-(S)-2-Methylpentane-1,5-diol was prepared
from the diester by reduction with LiAlH,? [o], —8.5°
(¢ 2, ether). (—)-(S)-2-Methyl-1,5-dibromopentane was
prepared from the diol as described in ref. 7 for the race-
mate. The product had [«f,, —3.9° (¢ 2, ether). (—)-(S)-
3-Methylthian was prepared as described in ref. 7 for the
racemate, [a], —3.1° (¢ 2, n-hexane). The 'H n.m.r.
spectrum agreed with that reported in ref. 7.
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thanks the Istituto di Chimica degli Intermedi, University
of Bologna, for hospitality.

[1/398 Received, 11th March, 1981)

REFERENCES

1 G. Gottarelli and B. Samori in * The Chemistry of Functional
Groups, Supplement E,’ ed. S. Patai, Wiley, New York, 1980, ch. 6.

1533

? K. Kuriyama, T. Komeno, and K. Takeda, Tetrahedron,
1966, 22, 1039.

* G. Gottarelli, B. Samori, I. Moretti, and G. Torre, J. Chem.
Soc., Pevkin Trans. 2, 1977, 1105,

4 J. S. Rosenfield and A. Moscowitz, J. Am. Chem. Soc., 1972,
94, 4797.

5 S. Hagishita and K. Kuriyama, J. Chem. Soc., Perkin Trans.
2, 1974, 686.

% G. L. Bendazzoli, G. Gottarelli, and P. Palmieri, J. Am.
Chem. Soc., 1974, 96, 1.

? R. L. Willer and E. L. Eliel, J. Am. Chem. Soc., 1977, 99,
1925.

8 W. J. Hehre, W. A. Lathan, R. Ditchfield, M. D. Newton, and
and J. A. Pople, ‘ Gaussian 70’ Quantum Chemistry Program
Exchange 236.

® T. D. Bouman and A. E. Hansen, Mol. Phys., 1979, 87,
1713 and references therein.

10 G. L. Bendazzoli, P. Palmieri, S. Evangelisti, and F. Orto-
lani, Nuovo Cim., in the press.

11 P. R. Bunker, ‘ Molecular Symmetry and Spectroscopy,’
Academic Press, New York, 1979, chs. 9 and 10.

12 G. L. Bendazzoli, G. Gottarelli, P. Palmieri, and B. Samori,
J. Chem. Phys., 1971, 87, 2986.

13 B. Samori, P. Mariani, and G. P. Spada, J. Chem. Soc.,
Perkin Trans., 2, in the press.

14 G. L. Bendazzoli, P. Biscarini, G. Gottarelli, and P. Palmieri,
J. Chem. Soc., Favaday Trans. 2, 1981, 503.

15 M. R. Giddings, E. Ernstbrunner, and J. Hudec, J. Chem.
Soc., Chem. Commun., 1976, 954.

16 IZ, Berner, R. Leonardscn, A. T. Grentoft, and K. Dahl,
Anal. Chem., 1939, 538, 1.



