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Abstract—it1s shown that the presence of two chirally-distorted aromatic groups 18 the pnncipal (actor determining the

twistung power of oplically-active traas-stilbene oxxde and analogous mobecules in nematw liquid crystals The
absolute configuration of a senes of chiral oxiranes and thuranes can be correlated by companng their twisting powers

n MBBA . this iquid crystal method being 1n some cases complementary to CD spectroscopy

Induced cholestenc mesophases are generated by the
addiion of small quantities of chiral compounds to
nematic hquid crystals (LC) ' The twisting power of a
chiral dopant can be defined as '*

Bu=(pCn '

where p is the pitch (um), C 1s the concentration (mol of
solute per mol of solvent) and r the enantiomeric punty
of the dopant

The parameter B, and its sign ((+) for a P-helix and
(-) for an M-helix of the induced cholesteric mesophase)
characterises the chiral solute in a way similar to the use
of specific optical rotation [a]. However. the physical
ongin of the two quantities is entirely different. The
ongin of the optical rotation depends. in fact, on the
interactions of light with molecules while the twisting
power onginates from interachons between molecules of
solute and solvent The classical rotatory power, its
dispersion as a function of A (ORD) and Circular Dv-
chroism (CD) has been widely employed in chemistry for
charactenzing chiral molecules and obtaning nfor-
mation about the relative and absolute configurations.
The quantity B should give information in the same area.
The vanations of 8 with the molecular structure of the
inducing chiral compound and, for a given compound,
with the liquid crystal used as a solvent, must actually
afford information concerning the mechamism of in-
duction. That should also allow the formulation of an
interaction model between solute and solvent, able to
predict the handedness of the induced cholestenc meso-
phase and the relative magnitude of the twisting powers
of a series of solutes having related structures. Such a
model should allow the passage from a purely correlative
use of B to the determination of absolute configurations
based on a firmer background

Continuing previous work on chiral alcohols’ and
optically active deuterium denvatives,” we now report
some resuls obtained by doping nematic LCs with
vanously substituted oxirans and thiirans

RESULTS AND DISCUSSION

Pitch values were determined by means of the Grand-
jean-Cano method which is based on the observation of
the discontinuity lines appeanng when a cholesteric 1.C
is inserted in a cell of vanable thickness.' ™

The handedness of the helices was determined by
means of the elegant method recently described by
Heppke and Oestreicher® where the cholestenc solution
1s placed between a glass plate with planar alignment
(parallel rubbing) and a lens with concentnc surface
alignment (circular rubbing). With these boundary con-
ditions, a P-cholestenc onginates a left-handed double
spiral and a M-cholesteric a nght-handed one

The sign of the rotatory power of the cholestenc
mesophase'® "' always confirmed the assignments based
on the double spiral method

Table 1 reports the twisting powers of vanously sub-
stituted oxirans and thiirans of type A in MBBA

Compounds 1-10 clearly show a correlation between
their stereochemistry and the sign of the twisting power
compounds 1 to 10 having the absolute configuration
depicted in Figure A (Table 1) induced in MBBA M-
cholesteric mesophases (left-handed helix)

The higher values for twisting power are obtained
when two aromatic nngs are directly bonded to the
3-membered nng (compounds 1-3) and are 1n a trans-
configuration. These values are considerably higher than
those observed for chiral alcohols' and other vanously
substituted derivatives '’ The twisting power diminishes
by replacing one aromatic group with a methyl (com-
pound 4) or by moving the aromatic group away from the
3 membered ring (compounds 5-8) The replacement of
one group by hydrogen (compound 9) or by a methyl
having a cis configuration (compound 10) reduces con-
siderably the value of 8.,

Compounds 11 and 12 containing only methyl groups
show a dramatic decrease of Bu and sign inversion

These variauons of B, according to the dopant struc-
ture as well as the very high intrinsic values indicate that
the structure of the trans-diaryl denvatives interacts best
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Table 1 Twisting powers of compounds of type A in MBBA
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with the MBBA molecules. However, the presence of
two aryl groups at approximately the same distance as in
1. 2 and 3 is not sufficient to give high values of the
twisting power 2.2-spirobnndanes B recently studied by
Korte et al.'' showed low values of 8 in a
MBBA/EBBA mixture. The reason seems to be that in
these molecules the 2-phenyl groups are perpendicular to
cach other while in substituted oxiranes and thiiranes the
two phenyl groups are not
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In the course of our report we give indications that the
presence of two chirally distorted aryl groups at a dis-
tance approximately similar 10 those in MBBA intro-
duces a molecular asymmetry (similar to a biphenyl
asymmeltry) and a structural similarity to MBBA which
are both important factors in determining the twisting
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Determination of the onentation of the inducing chiral
molecules inside the mesomorphic solvent by linear di-
chroism (LD)

Any structural interpretation of the induction of
cholesteric mesophases must be based on the knowledge
of the onentation of the chiral inducing molecules with

respect to the local nematic directors. Dichroic tech-
niques are very useful for this purpose. Circular Dv-
chroism (CD) studies using light propagating along the
helical axis of macroscopically onented cholesteric
samples can be safely performed only when any linear
anisotropy has been avoided in the planes perpendicular to
the direction of propagation of the circularly polanzed
hght. In induced cholesteric samples. this requirement ts
expected to be fulfilled only when the pitch is very short

When a circularly or linearly polanzed beam
experiences both circular and linear anisotropy through
the sample. the interpretation of the circular or linear
dichroism data becomes so complex that 1t discourages
any expectation of sterochemical information '* For this
reason. instead of studying the CD of the induced
cholesterics, racemic mixtures of the investigated induc-
ing molecules were added to the nematic solvent in order
10 avoid any induction of net helicity 1n the sample, 1.e
of circular anisotropy. and to measure its linear aniso-
tropy in terms of 1.D

The LD spectra of guest molecules onented by nema-
tic solvents transparent 1n the UV-visible region can
yield two types of information: (a) if the main onentation
of the guest molecule is known, data concerming the
electronic states involved becomes available' or (b) if
the polansations of the transitions are known. therr
orientation with respect to the nematic director is
obtained
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When no mixed polarisaions are present, a very sim-
ple relationship'” links the LDHKEgA) - E.(A)] to the ab-
sorption from non-polarized light 4E¢A) + E,(A)] and to
the Saupe order parameter S, of the p = x.y, z mole-
cular axes (eqn 1):

EgA)- E,(A)_ 3S,,
EqM)+E.(0) 2+S..

)]

Eda) and E (A) are the optical density of the two
perpendicularly plane polanzed radiations.

Provided the symmetry of the molecule is, or can be
safely considered. high'” (e.g. C..). the polarisation of the
transiion or the onentation of the molecular axes can be
determined easily and directly from the sign of the LD
following a “shape model™ approach.'® The solute
molecules are considered to have onentational proper:
ties. inside a nematic solvent, which are intermediate
between those of two limiting shape models, a disk and a
rod.

Knowledge of the polarisation of the transitions in the
aromatic chromophore of the epoxide denvatives leads
one to expect a rod and a disk-hke orientation, respec-
tively. for 2 and 9 from their double- and single-signed
LD spectra (Figs 1 and 2)

The LD spectrum of 2 shows (Fig. 1) a negative and a
positive band. corresponding respectively to the short
and long-axis polarized transiions of the pyndine
chromophore. The lower and higher energy transitions

are polanzed along directions which can be considered
as molecular short and long axes (b) and (a) (see chart 1).

Chart )

Thus they are expected to give origin to an LD spectrum
shaped like that reported in Fig. | if the molecules of 2
have a rodlike onentation inside the nematic matnx.

tlie preferred onentation of the long and short mole-
cular axes parallel and perpendicular to the optical axis
of the sample, i.c. 1o the nematic director of the solvent,
can be quantitatively expressed by the values of the
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Fig | The abtorpuons (----) and LD (——) spectra of racemi 2 onented in ZLI 1167 (nematx Liquud crystal) at
4¥ The absorption components A,/2 ( - - ) and (A, + A, )2 (-x-x) computed by s reduction techruque'’
assuming a molecular rod-like onentation along the z = a molecular axis (see chart 1)
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Fig 2 The absorption (- - ) and LD (—) spectra of racemic 9 onented 1n 711 1167 at 42* at two different
concentrations

corresponding order parameters (+0.31 and -0.13) cal-
culated from the spectra.’’

The long and short axes of the phenyl chromophore
responsible for the electronic transitions observed in the
LD spectrum of 9 (Fig. 2) indicate the two molecular
transition momentum (a) and (b’) (see chart 1) Both
transition moments have positive (+0 16 (a’) and +0.09
(b)) computed values of the corresponding order
parameters. This gives evidence for disk-like molecular
onentation: the molecules of 9 are thus expected to
assume a molecular packing in the nematic matnx which
prevents onentations of their molecular planes per-
pendicular to the local director. Furthermore, a preferred
alignment of the (a') direction along the nematic director is
clearly shown by the corresponding higher value of the
order parameter. By comparing the values of the order
parameters of the (a) and (a) directions, it is evident that
the mean ortentation along the nematic director of the long
axis (a) of 215 higher than that of the (a) axis of 9.

By assuming a perfect rod-shaped onentation of 2 in
the nematic solvent, the absorption components along
the z long axis and the degenerate x and Y short axes can
also be calculated (i.c.. be separated).” '* Owing to the
imperfect disk-shape of 9. separation in this case is not
feasible.

Possible mechanism of induction

Summanzing the results from LD spectra, derivative 2
is aligned with the axis connecting the two aryl groups
parallel to the nematic director, derivative 9 instead.

behaves approximately hke a disk-shaped molecule with
a shight preference of the mono-substituted phenyl group
to lie with its long axis parallel to the director.

Although in different nematic solvents the S values of
a given molecuke might differ quantitatively, qualitatively
the alignment is preserved in the absence of different
specific interactions '

The twisting power of 2in different nematic solvents 1s
reported in Table 2

In all the solvents studied, the sign of B remains the
same. the quantitative values are. however. very
different

Such vanations cannot be understood solely on the
basis of the different polarizabilities of the solvents, nor
do the possible differences in K, (the scalar twist elastic
constant™ of the LCs) justify the differences observed
(rigorously B.an =B Ks).™

It should be noted that in the first two solvents. MBBA
and Phase IV which have aromatic nngs separated by
two atoms (as in the trans diaryl denivatives), the twisting
power is high whereas it 1s drastically reduced in the
biphenyl-type LCs and decreases even further in PCH
and ZLI (mixture of bicyclohexy! nematics) The high
values of B., in the first two solvents can therefore be
attnbuted 10 the strong structural similanty between the
doping and nematic molecules ***

Although in phenyloxiranes the rotation of the phenyl
groups around the exocylic carbon—arbon bond 1s rela-
tively free.” " several reports show a preferred con-
formation for such a molecule. X-ray structure of 14p-
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Table 2 Twisting power of (+)IR. 2R-2 1n different nematx solvents
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bromophenyl)-1,2-epoxycylohexane demonstrate that the
phenyl group adopts a quasi-bisected conformation in the
crystal “ M 0. calculations on phenyloxirane™ also in-
dicate a quasi-bisected conformation, with the plane of M
the phenyl-group rotated towards the C-O bond of the c-° . !
oxirane ring In this type of conformation the 2-aryl . -C
group of (+) R.R truns-stilbene oxide and analogous H
molecules are distorted and displayed a sort of left.
handed (M) two-bladed propeller helicity

A possible model to explain the induced solvent heh-
city 1s depicted in Fig 3. where the dopant molecule 15
aligned with its long axis parallel to the rod-like mole-
cules of the solvent: the three-membered nng disturbs .
the parallel ahignment of other solvent molecules and ‘ :
imposes the correct twist ‘

This model 15 not wn disagreement with the data of ‘ ‘
Table | since the derivatives having two aromatic group ' -
directly bonded to the three membered ring are likely 0 Fig 4 Similanty between trans-diaryl expoxydes and the aromat-
be better aligned along the director and should therefore . core of MBBA The relative stereochemistry of the two distorted
display higher twisting power aryl groups resembles a3 kefi-handed two biaded prapelier

Fig 3}
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of LC is considered as an independently rotating rod.
cannot explain the variations of 8 with the nature of the
LC reported in Table 2. Nematics of the p-substituted
benzalaniline type. such as MBBA or EBBA, are known
1o be non planar:”" the angle between the phenyl ring
located on the Nitrogen atom and the plane containing
the other phenyl nng and the iminc double bond 15 be.
tween 41 and $5°. Such a conformation 15 stabihized by
electronic interactions between the nitrogen lone-pair
and the N-electrons.
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work on EBBA in the crystal™ and in the
hquid crystalline state” confirms this conformation
Such a distorted conformation is chiral. However in the
crystal of in the nematic phase the two enantiomencally
distorted species are equally probable.

It 15 quite interesting to notice that the chirally dis-
torted conformation (M-helicity) of substituted stilbene
oxide fits very well into M-distorted conformations of
MBBA (Fig 4). This may explain the process of chirality
transfer from the doping molecule to the solvent: the

chiral conformation of the solute as well as its structural
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Fig ¢ The absorphion (—) and cucular dichroism ( - ) spectra of denvatives $. 6,7 and 8 in cyclohexane
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analogy with MBBA may induce a chiral conformation
of the solvent which could be at the ongin of the
cholestenc hehx.

A mode! of this type, which requires cooperative rota-
tions of the molecules about their long axes, 15 in
agreement with a recent investigation of nematic struc-
ture

Modification of the structure of the inducing molecules
from the “ideal” ones (1-3) would decrease their
similanty to MBBA and. therefore, the dynamic asym-
metnc interactions with the solvent molecules; con-
sequently the twisting power would decrease (see 11 and
12 which have a globular geometry leading to a low
twisting power and the solvent effect reported in Table
2

Circular  dichroism and  absolute configurations  of
derivatives 5-8

Circular Dichroism s a very useful techmque for
correlating absolute configurations in homogeneous
series However in some cases, the very complex nature
of Cotton effects makes such a correlation difficult.

This 1s indeed the case with derivatives $-8. The
absolute configuration (15 2R) of (- chalcone epoxide §
was recently determinated by Marsman and Wynberg™
by chemical correlation

Compounds $-8 were all obtained by asymmetric
epoxidation of the corrcspondm& chalcones in the
presence of poly<{S)-amino-acrds™ and there are no
reasons fo expect an inversion of configuration n this
series

The CD and adsorption spectra of $-8 are reported in
Fig ¢

The CD of chalcone Qoxudc 15 in good agreement with
that already descnbed™ and is practically supenmpos.
able on that of the p-chloro denvative §. In these spectra,
the couplet centered at ca 240 am can be interpreted as
due to non-degenerate exciton coupling in a way similar
1o that reported for trans-stilbene oxide ** The spectra of
the thienyl compounds are instead very diflerent and
difficult 1o analyse The lack information about the
thienvl-CO chromophore makes correlation of the ab-
solute configurations with the spectra unsafe

The handedness of the induced cholesterics as well as
the similarity of the twisting powers of compounds $-8
illustrate well the potentiality of the hquid crystal tech-
nique to correlate absolute configurations

COMLANOA

The presence of two chirally distorted aromatic groups
1s hikely to be the principal factor determimng the very high
twishing power of trans stilbene oxide and analogous
molecules The chirahty i transferred from the dopant to
molecules of MBBA which are consequently arranged to
form a macrostructural helix

It is posaible to correlate the configuration of a series
of oxiranes and thiranes by companng the sign of their
twisting powers in MBBA. even in the case where the
correlation 1s impossible by CD specteoscopy

EXPERIMENTAL

Mxroscopic measurements were camed out following the
method descnbed in Ref < using a 7e1ss polanzing microscope
and Gahikeo plano-convex lenses of radws X0-40mm The con
centng alignments were obtained by presung 1he lens on a Lissue
paper attached to a2 rotating plate In order 1o obtain the spiraly
more easily. both the lens and the glass plate were treated with
Nemethylamino-propylinethosy silane or with polyvinyl alcohol

1M1

The LD spectra were recorded by a2 modulated techmuque
(JASCO LD attachment to the J-500 A spectropolanmeter) using
3 bicyclohexyl nematic hiqued crystalline matnx transparent to the
UV radiation (Merck 711 116T) and a surface coupling agent in
order to get inearly arusotropic samples The calibration and the
expenmental detahs of the techruque will be discussed clse-
where

Denratives

{*MIR, 2R)1rans-sulbene oxide. 1. [alp= <380 (c=08,
benzene) % ce. was prepared as descnbed in Ref 3t
(- FIS, 2Skrroas 12ditbpyndylionirane. 2. laln = - 22
{C =0 ¢ H:0) was prepared and descnibed in Ref, 32 The optxcal
punty based on the maximum rotation was ca 97% (-M1S,
S)trans-sulbene episulphide 3. [a)o= -313 (c =08, FtOH)
was prepared as descnbed n Ref 1) (+MIR. 2R}
trans 1-phenyi-1.2-¢poxypropane. 4", [a]p = ¢ 114 T (neat), 9%
ce (=HRFstyrenc oxde. 9. o= =359 (neat), 9% e e, was
prepared as descnbed in Ref 3% (< (1R 2Skcis-1-phenyl-1.2.
epoxypropane™’. 10, [e]un = + 16 7" (neat). 100% ¢ ¢ («MIR, 2R}
trans-2 3epoxybutane . 11, [a)n = + %' (neat). 9% ee (-) 1S,
3S-1rans-2 3-dimethyhhnrane.™® 12 {aly = -99 ¢ (neat). 100%
ce

Chalcone expoxides were kindly provided by Prof. S Colonna
{Milan)® and had the following charactenstics S, [a)iy = - 179
{CHCL) . M%ce . 6la)ine - 148 (CHLCLL % ee . Y [a)ine
SI8¥ (CHLC). 80% ee . 8la)ie= -1 (CHCLLRI% e ¢
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