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Twisting power of bridged binaphthol derivatives:

comparison of theory and experiment

by A. FERRARINI, P. L. NORDIO*, P. V. SHIBAEV² and V. P. SHIBAEV³

Department of Physical Chemistry, 2 via Loredan, 35131 Padova, Italy
² ,³ Departments of Physics(² ) and Chemistry(³ ), Moscow State University,

Vorob’evy Gory, 119899 Moscow, Russia

(Received 9 May 1997; accepted 6 August 1997 )

The twisting ability of a novel series of bridged binaphthol derivatives with substituents of
various lengths and chemical nature in the 6,6 ¾ -positions, recently synthesized and used as
dopants in nematic solvents, is investigated with the help of the model based upon surface-
helicity tensors. Structures of the low energy conformers of these compounds have been
generated by molecular mechanics calculations. Their orientational behaviour and the coupling
between anisotropy in the alignment and molecular chirality, which are at the origin of the
helical twisting power, are analysed on the basis of the anisometry and the chirality of the shape.

1. Introduction bridged BN-acetals [2, 3]. It has been shown that
bridged compounds possess much higher twisting powerChiral compounds dissolved in nematic solvents can

induce cholesteric phases. The measure of their ability than the open derivatives [2, 3]. In particular, the helical
twisting power of BNs increases with increasing lengthto produce twisted phases is the twisting power b, which

is inversely proportional to the molar concentration of of the substituents in the 6,6 ¾ -positions. The di� erence
between the two classes of derivative, already observeddopant c and to the cholesteric pitch p [1]:
in the past for similar compounds [5], has been attrib-
uted to the di� erent aryl± aryl dihedral angles, whoseb=Ô

1

cp
. (1 )

value is about 45± 55 ß for the constrained structures and
not far from 90 ß for the open ones. The correlationThe magnitude of b for di� erent solutes in a given
between the twisting power of BN derivatives dissolvedsolvent is a characteristic property of the chiral solute
in nematic liquid crystals and the aryl± aryl dihedraland its ordering in the liquid crystal matrix. An unusual
angle was recently con® rmed by theoretical predictionsexample of chiral molecules is given by conformationally
for unsubstituted model BNs [7, 8]: the maximumstable optical antipodes, called atropoisomers. In these
absolute value of b is predicted for dihedral angles ofcompounds chirality originates from hindered rotation
# Ô 45 ß or # Ô 135 ß between the naphthyl moieties,about single bonds. For example, in binaphthyl/
while b# 0 is found for the perpendicular arrangementbinaphthol (BN) derivatives chirality results from the
(the planar geometry is of course achiral ). In the presenthindered torsional rotation about the 1,1 ¾ -C± C bond
paper we shall limit our analysis to bridged derivatives,between the two naphthyl/naphthol moieties. BNs can
with the aim of rationalizing the e� ect of various sub-be used as e� ective chiral dopants yielding highly twisted
stituents in the 6,6 ¾ -positions on the helical twistingnematic mesophases [2± 5]. BNs have also attracted
power.attention as photo-racemisable dopants inducing a

transition from cholesterics to compensated nematics
[6]. The use of BN derivatives as molecular switches

2. Theoretical model
possessing a controllable degree of chirality seems to be

The theoretical model has been presented else-very promising for electro-optic device application.
where [7, 8]. Only a few expressions, relevant forJust recently, a number of novel optically active BN
understanding the results, will be summarized in thederivatives with substituents of di� erent lengths in the
following.6,6 ¾ -positions were synthesized. Two di� erent classes of

An expression for the helical twisting power of chiralcompound were obtained: open-chain BN-diethers and
solutes in nematic solvents is obtained by a statistical
mechanics derivation, based on the equilibrium between
elastic distortion and solute± solvent interactions. The*Author for correspondence.
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220 A. Ferrarini et al.

latter are described by a molecular ® eld model, assuming The coupling between chiral features of the molecular
surface and orientational ordering is described by thethat the normal s to each surface element of a molecule

in a nematic environment tends to orient perpendicularly chirality order parameter Q , de® ned as:
to the mesophase director n, according to a potential

Q =Õ ( 2/3 )
1/2

(QxxSxx+QyySyy+Q zzSzz) , (7 )
of general form eP2 (n ¯ s), where P2 is the second
Legendre polynomial and e is a parameter giving the where helicity tensor and ordering matrix are con-

veniently expressed in the principal frame of the latter.orienting strength of the medium which, for a given
mesophase, is a function of temperature. It can be shown The chirality order parameter is the molecular quantity

appearing in the expression for the helical twisting power[7, 8] that the orienting potential experienced by a
molecule in a cholesteric phase with helical pitch p or b of a molecule in a given nematic solvent [7, 8]:
corresponding wave vector q =2p/p, at the origin of

b=RT eQ /2pK22 vm . (8 )
the laboratory frame (X, Y , Z ) having Y axis parallel
to the helical axis and Z parallel to the director, is It is worth stressing that no free parameter enters

equation (8) provided that a number of experimentalapproximated in the limit q � 0 by the following
expression: data are available. These are the twist elastic constant

K22 , the molar volume vm and the ordering strength
e, which can be deduced from orientational orderU (V)/kBT =Õ e A 3

2 B
1/2

�
ij

lZi(T ij Õ qQ ij) lZj , (2 )
parameters [9].

where V are Euler angles for the rotation from the
3. Calculationslaboratory to a molecular (x, y, z) frame, and lZi is

The binaphthol derivatives considered in the presentthe cosine of the angle between Z and the i molecular
work are listed in ® gure 1. The properties required toaxis. T ij and Q ij are cartesian components of traceless
calculate their chirality order parameters and, con-second-rank molecular tensors, de® ned as:
sequently, their helical twisting powers, are the surface
and the helicity tensors. According to equations (3) and

T ij= C Õ 3 PS
s isj dS+Sd ijDN ( 6 )

1/2
, (3 )

(4), these depend only on the molecular surface. This
was approximated as the outer surface of an assembly

and of van der Waals spheres centred at the nuclear positions
[7]. A united atom description was used, with van der

Q ij=Õ ( 3/8 )
1/2�

k,l PS
[rksl (e ikl sj+ejkls i ) ] dS, (4 ) Waals radii taken from ref. [10]. Molecular mechanics

calculations were performed to determine the molecular
where d ij and e ijk are the Kronecker and the Levi± Civita geometry of the compounds. In each case the initial
symbol, respectively. The tensor T is called the surface geometry was generated by building fragments into a
tensor and measures the anisometry of the molecular molecule using standard bond lengths and angles,
surface; its diagonal elements are proportional to the and then minimizing the total energy of the molecule
surface areas perpendicular to the reference axes. in vacuo. The BIOSYM package supplied with a
According to equation (2), the T tensor is that mainly Consistent Valence Force® eld (CVF91 ) was used in
responsible for the orientational behaviour of the solute the calculations [11]. The parameters of this force® eld
molecules, described by the ordering matrix S: can be found in ref. [12]. This is a well-characterized

and tested force® eld, widely used to simulate organic
molecules. The following terms were considered inS ij= P ( 3lZilZj Õ d ij)

2
P (V) dV (5 )

CVF91: (i ) diagonal terms representing the energy of
deformation of bond lengths, bond angles, torsion angleswhere P (V) is the orientational distribution function
and out of plane interactions in a molecule, (ii ) o� -
diagonal terms representing coupling between defor-

P (V)=exp[ Õ U(V)/kBT ]N P exp[ Õ U(V)/kBT ] dV.
mations of internal coordinates, (iii ) non-bonded terms
describing interactions between chemically unconnected

(6)
atoms. The Discover-3 submodule of the BIOSYM
package was used to perform the minimization of theOrdering matrix and surface tensor have the same

principal axis system, and the magnitude of the principal total energy.
For all the derivatives under investigation the twistvalues of S is related to that of the corresponding T

elements. The pseudotensor Q is denoted as the helicity angle obtained between the naphthyl moieties was about
55 ß ; this gives a ® rst explanation of the large values oftensor, since its diagonal elements represent helicities of

the molecular surface viewed along the coordinate axes. the measured helical twisting power [7, 8].
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221T wisting power of binaphthol derivatives

approximately equal to Ô a1 (anti Ô ) and Ô (180 Õ a1 )
(syn Ô ), with a1=25 ß ± 30 ß . For both B4 and B5 a
trans-con® guration at the vinyl bond was found.

The conformation of compounds with styryl sub-
stituents is determined by the angles a1 , a ¾1 and a2 , a ¾2 ,
the latter being de® ned by the planes of the vinyl groups
and the attached phenyl rings. Also for the angles a2

and a ¾2 four minima very close in energy were found,
at the same values reported for a1 and a ¾1 . A trans
con® guration at the vinyl bond was predicted for all the
compounds with styryl substituents.

Somewhat di� erent arrangements were found for the
derivatives with terminal C(CN)2 groups. In the case of
B9 the substituents were planar with both vinyl groups
in the trans-con® guration, and a1# 30 ß . For B3 and B10
the angle between the planes of the C(CN)2 groups and
the attached aromatic rings was about 50 ß ± 55 ß ; for
B10 the values a1# a2#30 ß were obtained.

The results of our calculations are essentially in keep-
ing with experimental data for 2-vinylnaphthalene and
stilbene, which are the closest well-studied analogues of
substituted BNs. From high ® eld deuterium magnetic
resonance experiments on 2-vinylnaphthalene in hydro-
carbon solvents a value of 18 ß Ô 3 ß for the angle between
the naphthyl and vinyl planes was deduced, but no
de® nite evidence for the relative stability of syn- and
anti-conformers could be reached [13]. On the basis
of ultraviolet spectroscopy data, 2-vinylnaphthalene
appears to be a mixture of the two conformers, with a
slight prevalence of the anti-form [14, 15]. In the case
of stilbene, a dihedral angle of about 30 ß between the
vinyl and the phenyl planes was estimated by electron
di� raction studies in the gas phase [16], although in
ref. [17] electronic absorption spectra of stilbene were
interpreted by assuming a nearly planar geometry in
liquid solution. In ref. [18] the conformation of donor±Figure 1. List of the binaphthol derivatives investigated in
acceptor substituted stilbenes was found to depend onthe present work.
the nature of donor± acceptor combination, with the
angle between the vinyl group plane and the benzene
ring in the range 0 ± 30 ß . In the light of the experimentalFor the derivative B2, the substituents in positions

6,6 ¾ were found to lie in the plane of the corresponding and theoretical ® ndings described above, the geometries
calculated by CVF91 force® eld seem to be physicallynaphthalene rings.

The conformation of the vinyl substituents in B4 and acceptable. However, since these structures were opti-
mized in vacuo, changes due to the liquid crystal environ-B5 is determined by the dihedral angles a1 , a ¾1 between

each naphthalene ring and the plane of the attached ment should be expected for both geometries and
energies of the stable conformers.vinyl group. For convenience of notation, we shall denote

as anti- and syn- the conformations in which a vinyl In our analysis of binaphthol derivatives, the con-
formers generated with all possible combinations of thegroup is directed towards the C2 symmetry axis of the

binaphthol core and on the opposite side, respectively. minima for the dihedral angles a1 , a ¾1 , a2 , a ¾2 have been
taken into account, and chirality order parameters haveDuring the energy minimization a number of con-

formations corresponding to local energy minima were been calculated by averaging over all conformers, taken
as equally probable. Actually, the complete distributionfound, di� ering in the values of the dihedral angles

a1 , a ¾1 . Four possible conformational states very close in of conformational angles should be taken into account,
or at least di� erent weights should be used, especiallyenergy were found for each angle, de® ned by values
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222 A. Ferrarini et al.

for the case of the most sterically hindered derivatives, to the local director, and perpendicular to it, respectively.
The principal directions are di� erent for the variouse.g. B3 . However, by considering the small energy di� er-

ences between the various conformers, and the fact that structures; in all generality it is only possible to say that
one axis is parallel to the C2 symmetry axis when thisthe energies in the nematic phases do not necessarily

re¯ ect those calculated in vacuo, the simplest approach exists, and that the y axis is approximately perpendicular
to the plane bisecting the ring± ring dihedral angle (thehas been followed, ignoring di� erences in the statistical

weights. Therefore, comparison with experiment can be approximate `molecular plane’). We shall also report the
principal elements Qaa , Qbb and Qcc of the helicity tensor,made only at a qualitative level, remembering also that

the experimental data are a� ected by an error of about and its diagonal elements in the principal frame of the
surface tensor. In addition, we shall give the principal15%.
values of the ordering matrix S and the chirality order
parameter Q calculated with e=0 0́5 AÊ Õ

2, a value corres-4. Results and discussion

In presenting the results, we shall group the systems ponding to a situation of intermediate ordering [7]. For
the sake of comparison, the twisting power b measuredaccording to their size. Thus we shall start with the

derivatives having no or relatively small substituents in in the nematic solvent LC 1277, a mixture of alkyl-
and alkoxy-cyanobiphenyls, at T =45 ß C and T =55 ß Cthe 6,6 ¾ -positions, that is B0, B1 and B2. Then the cases

of B3, B4 and B5, which have substituents of inter- [2, 3] is reported for the various derivatives.
mediate lengths, will be discussed. As explained in § 3, a
number of conformers is expected for these systems, 4.1. Derivatives with no or relatively small substituents:

B0, B1, B2corresponding to di� erent values of the dihedral angles
a1 . Due to the increased ¯ exibility of the substituents, We shall start considering B0 and B1 whose properties,

reported in the ® rst columns of table 1, are very similar.the situation becomes even more complicated in the case
of the derivatives B6± B10, which will be dealt with at From the analysis of the surface tensors, which have one

large negative component, and two positive componentsthe end.
For these molecules, or for some selected conformers close in magnitude, we can infer that these derivatives

have a disc-like behaviour. For molecular shapes closein the most complicated cases, we shall report the
principal elements of the surface tensor T. The principal to discs the relation Tyy # Õ 2Txx# Õ 2Tzz holds, and the

alignment corresponds to the y axis perpendicular toaxes are labelled in such a way that z and y are the
molecular axes with the largest tendency to align parallel the director. We can see however from the table that for

Table 1. Ordering and chirality properties calculated for BN derivatives: principal elements of the surface tensor T, diagonal
elements of the helicity tensor Q in the principal axis system (x, y, z) of the surface tensor and in its principal frame (a, b, c),
and principal values of the ordering matrix S calculated with e =0 0́5 AÊ Õ

2. For B2 all possible conformers are considered,
while for B5 and B6 only a few are selected (see text). The molecular z axis is that corresponding to the largest positive
principal value of the ordering matrix S.

Molecule

Parameter B0a B1a B2(A)a B2(B)a B2(C)b B5(A)b B5(B)a B5(C)a B6(A)b B6(B)b

Txx/AÊ 2 17 22 19 21 22 16 19 17 30 22
Tyy /AÊ 2 Õ 42 Õ 45 Õ 47 Õ 46 Õ 45 Õ 59 Õ 49 Õ 59 Õ 81 Õ 88
Tzz /AÊ 2 25 24 28 25 23 43 31 42 51 63

Qxx /AÊ 3 Õ 93 Õ 96 Õ 96 Õ 97 6 13 Õ 71 Õ 109 Õ 40 125
Qyy /AÊ 3 83 90 93 98 105 119 136 88 252 Õ 15
Qzz /AÊ 3 10 6 3 Õ 1 Õ 111 Õ 132 Õ 65 21 Õ 213 Õ 110

Qaa /AÊ 3 Õ 93 Õ 96 Õ 96 Õ 104 Õ 3 Õ 19 Õ 115 Õ 109 Õ 67 Õ 88
Qbb /AÊ 3 83 106 101 108 114 151 176 122 280 198
Qcc /AÊ 3 10 Õ 10 Õ 5 Õ 4 Õ 111 Õ 132 Õ 61 Õ 14 Õ 213 Õ 110

Sxx 0 0́9 0 1́5 0 0́9 0 1́2 0 1́6 Õ 0 0́6 0 0́6 Õ 0 0́5 Õ 0 0́1 Õ 0 1́5
Syy Õ 0 3́1 Õ 0 3́2 Õ 0 3́3 Õ 0 3́3 Õ 0 3́3 Õ 0 3́7 Õ 0 3́4 Õ 0 3́7 Õ 0 4́0 Õ 0 4́1
Szz 0 2́2 0 1́8 0 2́4 0 2́1 0 1́7 0 4́2 0 2́8 0 4́2 0 4́1 0 5́6

Q /AÊ 3 26 34 32 38 42 83 56 15 153 61

a
z axis close to the ring± ring bond (see ® gure 2).

b
z axis along the C2 symmetry axis (see ® gure 3).
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223T wisting power of binaphthol derivatives

Figure 2. Projections of the bi-
naphthol derivative B0 on the
principal planes of the surface
tensor T. Under each pro-
jection the axis perpendicular
to the projection plane is
indicated.

B0 and B1, the two principal directions perpendicular Although the planar arrangement of an aldehydric
substituent linked to an aromatic ring is reasonable,to the y axis are not fully equivalent. In both cases the

z axis, which according to our convention is that with as con® rmed by geometry optimizations for simpler
systems, there seem to be no reasons in favour of athe stronger tendency to lie parallel to the local director,

is close to the naphthol± naphthol bond. Considering particular orientation of the CO group within the plane.
Therefore we have considered the planar structuresnow the helicity tensor we see that for both B0 and B1

high helicity values, approximately equal in magni- obtained by taking all possible directions of the CO
groups. Using the same notation introduced in § 3 fortude and opposite in sign, are obtained for the axis

perpendicular to the approximate `molecular plane’ and vinyl substituents, we shall denote as anti and syn the
carbonyl conformations having the CO group directedfor the axis parallel to the C2 symmetry axis, while only

a low helicity results along the ring± ring bond. This is towards and against the C2 symmetry axis, respectively.
There are three possible conformers: one with both COa general behaviour for chiral systems obtained by

rotating two planar moieties about a common axis [7]. groups syn, B2(A), two with a CO syn and the other
anti, B2(B), and one with both CO anti B2(C). AgainWe can also infer from table 1 that for both B0 and B1

the principal frames of the T and Q tensors are very we can see from table 1 that all the conformers have a
disc-like behaviour; however, we can also see that smallclose, with the C2 axis common to the two reference

systems. Figure 2 shows the projections of B0 on the structural changes can a� ect the preferred orientation
and, as a consequence, the twisting power. The propertiesprincipal planes of the surface tensor. Analogous pro-

jections are not shown for B1, since they would look of B2(A) will not be discussed, because they are very
close to those of B1, apart from a more pronouncedvery much the same as for B0. In view of the disc-like

structures, the helicity of the cholesteric phases induced di� erence between the Txx and Tzz components, resulting
in a stronger preference for z alignment. The e� ect of aby these solutes are expected to be determined by the

sign of the molecular helicity about the y axis. In fact, p rotation of both carbonyl groups is that of reducing
the biaxiality in the molecular plane and shifting thefor disc-like systems Sxx #Szz , so that, the tensors Q

and S being traceless, equation (8) can be rewritten as axis of preferential aligment from the ring± ring bond in
B2(A) to the direction of the C2 axis in B2(C) (seeQ # Õ (3/2)1/2

Syy Qyy . Since Qyy is positive and Syy is
negative, positive chirality order parameters are expected ® gure 3). We have adopted the convention of labelling

as z the axis corresponding to the largest principal valuefor B0 and B1, in agreement with the sign of the
measured twisting power [2, 3]. of the ordering matrix S; therefore the x and z labels for

B2(C) are interchanged with respect to those adoptedFor the derivative B2 the situation is slightly more
complicated, because of the possible rotations about the for B2(A). It follows that the helicity values 6 and Õ 111

for B2(C) must be compared with 3 and Õ 96 for B2(A),naphthyl± carbonyl bonds. In the structures derived from
energy minimization calculations each aldehydic group which are rather close, as expected. However, the slight

increase of the principal helicities has the e� ect oflies in the same plane as the attached aromatic ring.

Figure 3. Projections of the con-
former (C) of the binaphthol
derivative B2 on the principal
planes of the surface tensor T.
Under each projection the axis
perpendicular to the projection
plane is indicated.
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224 A. Ferrarini et al.

producing a signi® cant increase in twisting power pass- and [syn, anti ] or [anti, syn] conformers, respectively.
In order to get some more understanding we shalling from the syn- to the anti-conformer. In the case of

the (B) conformers the reduced symmetry of the structure consider in detail the conformers (A) [anti Õ , anti Õ ],
(B) [anti+, syn+] and (C) [syn+, syn+] of B5, whoseleads to small changes with respect to both B2 (A) and

B2(C), which result in a chirality order parameter inter- structures are shown in ® gure 4. The same three con-
formers are considered in the columns four to six inmediate between the values obtained for the two other

conformers. table 1. From a comparison with the ® rst three columns,
it appears that for these conformers the T tensorThe ® rst three columns of table 2 show the chirality

order parameters obtained for B0, B1 and B2; in the elements, and hence the order parameters, are slightly
larger and more biaxial than for the smaller derivativeslatter case the average over four conformers, taken with

equal weight, has been performed. We can see that, in B0, B1 and B2. An analogous increase is shown by the
agreement with the experimental twisting power data
also reported in the table, the Q values are positive
and very similar for the derivatives B1 and B2, and
larger than the value predicted for the unsubstituted
compound.

4.2. Derivatives with substituents of intermediate length:
B3, B4, B5

For the derivatives B3 ± B5 we have considered the
16 conformers which were generated by taking all com-
binations of the four possible values Ô a1 , Ô (180ß Õ a1 ),
for each of the dihedral angles a1 and a ¾1 between
the naphthyl and the vinyl planes. A pronounced
dependence of the chirality order parameter upon the
substituent conformation was found with values ranging
between 20 and 80 AÊ 3 for B4 and B5, and between 25
and 55 ß AÊ 3 for B3. The di� erent behaviour of B3 is
due mainly to the larger deviation from planarity of
the naphthyl± vinyl dihedral angles predicted for this
derivative. In all cases the highest chirality order para-
meters are predicted for a planar arrangement of the
vinyl groups, and a lowering is expected for increasing
a1 values. The presence of the two CN substituents
linked to the vinyl groups has the e� ect of reducing the
di� erences among the various conformers in the case
of B3.

According to their chirality order parameter, the con-
formers can be roughly divided into three classes: con-
formers with low, high and intermediate twisting power.
If we look at their structures we see that, in close analogy
with what as already been seen for the derivative B2, Figure 4. Structures of the conformers (A), (B) and (C) of the

derivative B5.the three classes correspond to [syn, syn], [anti, anti ]

Table 2. Chirality order parameter calculated with e =0 0́5 AÊ Õ
2 for the BN derivatives. In all cases but B0 and B1, the average

value over all the conformers, obtained as explained in the text, is given. Experimental twisting power values [2, 3] are
also reported.

Molecule

Parameter B0 B1 B2 B3 B4 B5 B6 B7 B8 B9 B10

Q /AÊ 3 26 34 38 33 51 52 94 94 93 79 84
b/mm Õ

1 (exp /T =45 ß ) 46 56 59 77 67 79 105 85 91 103 115
b/mm Õ

1 (exp /T =55 ß ) 48 56 54 80 70 79 105 87 5́ 91 105 112
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225T wisting power of binaphthol derivatives

Q tensor elements. Furthermore, these results con® rm of table 1 properties of the conformers [anti Õ , anti Õ ]
[syn Õ , syn Õ ] (A) and [anti Õ , anti Õ ] [syn+, syn+]the analogy already mentioned with the conformers of

B2. Of course, here the e� ects are emphasized by the (B) of B6, where the two labels refer in the order to the
[a1 , a ¾1] and [a2 , a ¾2] dihedral angles. These are twopresence of the longer substituents. In order to make a

comparison with experimental data, we have reported elongated conformers, di� ering in the conformation of
the terminal rings: in (A) the aromatic rings attached toin table 2 the chirality order parameter obtained for B3,

B4 and B5 by averaging over all the conformers. We a vinyl group lie on the same side of the vinyl plane,
while they lie on opposite sides in (B). In the case ofcan see that, in agreement with experiment, they are

larger than those for the derivatives B0 ± B2. A somewhat the conformer (A), the tensors T and Q , which have
large principal components, approximately share thelow value is predicted for B3, and this is essentially due

to the value of the dihedral angles between the naphthyl same principal frame, with axes close to those shown
in ® gure 3 for B2(A). This is in keeping with theand vinyl groups, which might be underestimated by the

minimization procedure. For the sake of comparison, trend already observed for the symmetric conformers of
derivatives with shorter substituents. In fact we havewe have also performed calculations for conformers of

B3 generated taking a1=30 ß , and a Q value of 58 AÊ 3 , seen that, at least for symmetric conformers, the principal
components of the surface and helicity tensor increasein better agreement with the other data, has been

obtained. with increasing dimension of the substituents, and the
principal frames of T and Q are very close, with the
axes directed as in ® gures 2 or 3 according to whether4.3. Derivatives with long substituents: B6± B10

Again, for each derivative all the conformers, obtained the conformer is elongated in the direction of the C2

axis, or perpendicular to it. On the other hand, theas explained in § 3, have been considered: they amount
to 256 for B8, and they reduce to 64 for B6 and B7, due helicity tensor can change signi® cantly when the terminal

phenyl groups of long substituents give a contributionto the presence of a symmetry plane perpendicular
to the phenyl rings in the side groups, which makes opposing that of the central core. This is shown by the

conformer (B): while the surface tensor is similar to thatsyn Ô =anti 7 for the angles a2 and a ¾2 . Actually, not all
of these conformers are di� erent, but all of them have of the conformer (A), the helicity tensor is markedly

di� erent. In particular, for the (B) conformer, theto be retained to contribute to the average with the
correct weight. It results from our calculations that principal axis systems of Q and T are no longer close

to each other, di� ering by a rotation of c. 45 ß about thethe chirality order parameters of the various conformers
range between Õ 5 and 155 AÊ 3. Larger variations than C2 symmetry axis, as shown in ® gure 5. Furthermore,

the principal values of Q are comparable with those ofin the case of the derivatives B3 ± B5 are not surprising,
because a change in the orientation of the bulky phenyl derivatives with shorter substituents.

The considerations on the conformers (A) and (B)substituents can be expected to a� ect the ordering and
chiral properties in a signi® cant way. We shall focus on could be generalized to all the symmetric conformers

with high and low Q , respectively. As already seen inthe eight conformers with a C2 axis, for which symmetry
makes the results more easily understood. Within this other cases, the conformers which lack any symmetry

element have intermediate Q values.set of conformers the highest chirality order parameters
correspond to structures with: (i ) an [anti, anti ] con- For the derivative B9, 16 conformers have been con-

sidered, as for the systems B3± B5. Their chirality orderformation at the a1 angles, i.e. the conformers most
elongated along the C2 axis, as already seen for derivatives parameters have the same trend as for B3, but they are

larger in magnitude. This is only partly a consequencewith shorter substituents; (ii ) the aromatic rings attached
to a vinyl group lying on the same side of the vinyl plane. of the increased dimension, which leads to an increase

of the T and Q tensor components, the occurrence ofAs an example we have reported in the two last columns

Figure 5. Projections of the (B)
conformer of B6 on the principal
planes of the helicity tensor Q.
Under each projection the axis
perpendicular to the projection
plane is indicated.
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larger deviations from planarity for the a1 , a ¾1 dihedral
angles being the main reason.

Finally, for the derivative B10 the number of possible
conformers rises to 1024, because of the additional
freedom for the angle between the phenyl group and the
terminal double bond. Of course they cannot be analysed
in detail; it will su� ce to say that the considerations
presented for B6 can also be generalized to this derivative.

The average chirality order parameters calculated for
the derivatives B6± B10 are reported in the last ® ve
columns of table 2, together with the measured helical
twisting powers [2, 3]. We can see that they are very
high, de® nitely higher than those for all other com-
pounds of the series. As for the case of B3, for B10 also

Figure 6. Scaled Q values ( ® lled circles) and twisting powercalculations have been performed with a3=30 ß , and
values measured at T =45 ß (open circles). In each case,

Q =105 AÊ 3 has been obtained. the line connecting points is drawn as a guide for the eye.
Diamonds represent the scaled Q values obtained for B3

5. Conclusion and B10 for special choices of the dihedral angles between
the aromatic ring and the plane of the attached C 5 C(CN2 )We have seen that, on the basis of the geometrical
group (see text).structures, it is possible to get a clear understanding of

the twisting ability of bridged binaphthol derivatives.
First of all, the value of the naphthol± naphthol twist
angle, about 55 ß , immediately provides an explanation

that the molecular systems examined here exhibit afor the high measured twisting powers. In fact, the
rich conformational isomerism, and very accuratetheoretical curve of the helical twisting power as a
potential surfaces, appropriate for the anisotropicfunction of the twist angle for binaphthyl has vanishing
enviroment, are required for a more quantitative analysisvalues corresponding with the perpendicular and planar
of the experimental twisting power data.geometries, and shows maxima at about Ô 45 ß [8].

Going into more detail, the trend along the series can
This work has been supported by the EC Commissionalso be understood. In the absence of detailed infor-

through the HCM Programme, Contract No. 930282mation on elastic constants, ordering strength and molar
and the PECO extension, Contract No. 940602. Thevolume of the solvent, which would be required for an
authors gratefully acknowledge Prof. K. Schaumburgaccurate evaluation of the factor relating chirality order
for stimulating discussions and Ms F. Pacchiele forparameter Q and helical twisting power b, we must be
valuable help in computation.content with the fact that the scaling factor, obtained by

a linear least-squares procedure, comes out to be 1 2́,
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