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QUANTITATIVE ASPECTS OF CHIRALITY. 111. DESCRIPTION 
OF THE INFLUENCE OF THE STRUCTURE OF CHIRAL 

COMPOUNDS ON THEIR TWISTING POWER IN THE NEMATIC 
MESOPHASE BY MEANS OF THE DISSYMMETRY FUNCTION 
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For a number of chiral a,&unsaturated carbonyl compounds, cyclohexanone and cyclohexenone derivatives, existing 
essentially in the form of single molecular conformation, the correlation dependences were established between the 
values of the calculated dissymmetry functions (DF) with respect to atomic masses and atom refractions, and the 
induction effectiveness of helical ordering in the nematic mesophase (twisting power). Such correlative dependencies, 
as the examples show, allow one to predict safely enough the twisting power of new substances with the ‘fixed’ 
molecular conformation. Types of dissymmetry functions and kinds of correlative dependences, the most acceptable 
for these reasons, were revealed. Dissymmetry functions formed on the basis of atom refractions (polarizabilities) 
describe the influence of the molecular structures of chiral compounds on the twisting power with higher accuracy than 
those that characterize the dissymmetry of the atomic masses distribution, according to the important role of the 
dispersion forces in the formation of helical ordering in liquid crystalline systems. The components characterizing the 
distribution dissymmetry of atomic refractions and masses with respect to the long and two shorter axes as the peculiar 
characteristics of biaxiality of chiral molecules describe the influence of the molecular structure on the twisting power 
with the same accuracy as the general DF do. Thus influence of chiral dopant molecules on the interactions between 
molecules in the uniaxial mesophases is negligible within the limits of the DF method. Based on the calculations for 
model systems it is established that the presence of the non-linear cinnamoyl fragment has a decisive influence on the 
molecular dissymmetry of the chiral a,fl-unsaturated ketones. The alkyl groups influence the molecular dissymmetry 
only slightly, hut it is important that their presence ensures the stabilization of the chiral conformer with the defined 
helicity of the cinnamoyl fragment. 

INTRODUCTION helix, which are essentially dependent on the molecular 
structure of the components. However, up to now 

has usually been discussed in the literature on an 
empirical level. 

It is natural to assume that the most important 
characteristic of chiral compounds determining their 
twisting power is the ‘chirality level’ of the molecules 
because the achiral structures or racemates d o  not show 

C h i d  organic compounds show the to induce the nature of such a dependence has been and helical supramolecular ordering in nematic and smectic 
mesophases. ’ Such effects are especially interesting 
in the case of nonmesogenic chiral dopants. 2 , 3  This 
phenomenon is quantitatively characterized by the 
twisting power value (0) of the chiral dopant in the 
given nematic phase, and also the sign of the induced 
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the above-mentioned effects. It is also natural to con- 
sider that the higher the ‘chirality level’ of a dopant 
molecule, the stronger is its ’chiral’ influence on the 
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p-XC6H4 (25 p-XC6F14 C$ p-XC6H4 C@ C6H4 X-p 

1, Y=H;  2, Y=BI 

environment. In some cases, for a quantitative charac- 
teristic of the chirality of dopant molecules the 
Ugi-Ruch functions have been Nevertheless, 
the possibilities of analysing changes in the twisting 
power on this basis are limited to  series of structurally 
similar compounds the chirality of which is the result of 
various substitutions of  the initial achiral molecular 
skeleton of a certain symmetry group. The Ugi-Ruch 
functions method cannot be applied either to  com- 
pounds the chirality of which is determined by the sim- 
ultaneous presence of  several elements (central, axial, 
planar or helical chirality6) or to  structures with a chiral 
skeleton. 

In this work it seemed reasonable to  apply the calcu- 
lated dissymmetry functions (OF)' for a description of 
the influence of the structures of chiral compounds on 
their twisting power. Four series of chiral a, /3-un- 
saturated carbonyl compounds (1-4) and the structur- 
ally similar saturated ketone ( - )-menthone 
[( - )-trans-2S,5R-2-isopropyl-5-methylcyclohexanone] 
were studied (see Table 1). 

The twisting powers of these compounds were 
measured in two nematic solvents of the azomethine 
type, 4-methoxy- and 4-butyloxybenzylidene-4'-(n- 
buty1)aniIine (5 and 6, respectively) (Table 1). Such a 
selection of nematic phases and chiral dopants is stipu- 
lated by the structural variations of compounds 1-4, 
and also by the absence of specific interactions between 
the molecules in the named systems. The important 
thing is the existence of molecules of the selected chiral 
compounds chiefly in the form of single conformers, as 
will be shown below. This simplifies the solution of the 
problem of characterizing molecular dissymmetry 
within the limits of the method used because it does not 
require the statistical calculation of some co-existing 
conformers. 

Apart from investigating the nature of the correlative 
I p 1-DF dependence we also studied the influence of 
various structural fragments on the dissymmetry of 
molecules 1-4, which should certainly be useful in 'de- 
signing' novel chiral compounds with the high twisting 
power. 

RESULTS AND DISCUSSION 

Data on  the conformations of the molecules of chiral 
compounds 1-4 and geometrical parameters of the 

3 4 

molecules required for DF calculations were obtained 
from the results of experimental studiesx-" and from 
theoretical conformational analyses by the force field 
method. '','* It was established that the molecules of 
compounds 1 and 2 have a chair-like conformation of 
the cyclohexanone fragment mostly with axial methyl 
and equatorial isopropyl groups829 (form A) (Figure 1). 
The calculated conformational energy of such a cis 
structure of compound la  (E&,,f. = - 7 . 2  kcalmol-') is 
considerably lower than that of any of the chair-like 
conformations with a trans orientation of alkyl 
groups (EcBdncf. > 36 kcalmol-') and any of twist forms 
(D) with trans-alkyl substituents (methyl is pseudo- 
axial, isopropyl is pseudo-equatorial) (E%,f. = 
- 4-0  kcal mol- I ) .  The cis structure (A) of compounds 
1 is realized in spite of the fact that they are obtained 
from ( - )-menthone, which has a trans configuration 
of 1,4-alkyl substitution.13 This is favoured by the 
possibility of rapid epimerization of ( - )-menthone 
into the corresponding cis isomer under the conditions 
of the synthesis of ketones 1 in a highly alkaline 
medium. 

From the conformational analysis and previous 
experimental data, 8,9 it follows that the structure of the 
enone grouping O=C-C=C in ketones 1 and 2 is 
essentially non-planar. In addition, the benzene ring in 
the structures of all ketones 1-4 is significantly rotated 
(by about 90") with respect to  the plane of the double 
bond. Therefore, the molecular chirality of the investi- 
gated ketones is determined not only by the existence of 
chiral centres but also by the non-planarity ('twisting') 
of  the cinnamoyl *-electron system, determining its 
helical chirality. 6*x The stereospecific nature of the non- 
planarity of the enone grouping seems to  be the most 
important factor: the sign of the O=C-C=C torsion 

Figure 1. Conformation of compounds 1 and 2 
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angle a t  the given configuration of chiral centres C-1 
and C-4 is determined by the ring conformation and 
changes with its inversion. As the molecules of ketones 
1 and 2 exist in the so-called ‘fixed’ conformation (A), 
they are characterized by a definite type of helical 
chirality. These peculiarities of the spatial structure of 
the molecules of the investigated chiral ketones are 
important for a correct analysis of the structure- 
twisting power relationship on the basis of the calcu- 
lated dissymmetry functions. 

For calculations of the DF of chiral compounds 1-4 
the fundamental characteristic having the property of 
transferability, atomic mass ( M ) ,  was primarily used as 
an atomic property. In addition, we used atomic refrac- 
tion (R) ,  the characteristic of atoms which, in general, 
unlike M does not fully meet the conditions of 
transferability. The possibility of using R for the DF 
calculations in any specific case under consideration 
is determined by the non-planar structure of the 
T-electron system of compounds 1-4 and, as a result, 
by the absence of strong intrinsic molecular electronic 
interactions (optical intensity). 

According to  present-day theoretical concepts (see 
reviews 16r1’), the formation of ordering in liquid 

crystalline systems is defined by dispersion molecular 
interactions and also by steric repulsion, both having a 
stereospecific nature for chiral molecules. Therefore, 
the use of functions describing the dispersion force and 
steric force field dissymmetry for chiral molecules with 
regard to regularities of the variation of the twisting 
power seems to be theoretically valid. 

For the dispersion forces, it is convenient to  calculate 
the dissymmetry function on an atomic refraction basis; 
for the steric forces, an atomic mass basis will be the 
best. In general, these two types of forces can compete 
in controlling the resulting ordering for the systems 
under consideration. However, we suggest that, in very 
dilute solutions, these two force systems act in concert. 
Therefore, both calculation schemes for DF (DFM and 
DFR) will describe nearly equivalently the ordering 
regularities in liquid crystalline systems. 

The calculated OFM and OFR values for the studied 
chiral compounds are given in Table 1. Also presented 
are the DF values normalized’ for the sum of masses 

Table 1. Experimental values of twisting power (0) and calculated dissymmetry functions of chiral compounds 1-4 
and ( - )-menthone 

Dissymmetry function 

Compound X Solvent 5 Solvent 6 D F ~  D F ~  OF,” DF: 

la  
l b  
1 C  
Id 
le 
If 
Ig 
l h  
ti  
2a 
2b 
2c 
2d 
2e 
2f 
2g 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
4a 
4b 
( - )-Menthone 

H 
F 
c1 
Br 
NO2 
CN 

OCzHs 

H 
F 
CI 
Br 
NO2 

OCH3 

C6H5 

OCH3 
C6H5 
H 
F 
CI 
Br 
No2 
OCH 3 

C6HS 
H 
Br 

19.9 16.6 
22.8 21.9 
29.6 26.5 
32.8 26.5 
35.3 30.7 
34.1 31.2 
30-5 26.6 
29.0 29.4 
41.9 37.4 
23.0 16.1 
27.6 22.4 
30.5 21.4 
32.3 21.9 
36.6 31.0 
32.8 24.3 
44.5 32.0 
16-7 12.8 
22.1 18.3 
23.5 22.8 
24.4 22-6 
26.7 28.5 
28.0 25.8 
38.5 33.6 
11.4 6.2 
28.6 17.9 
0.7 - 

3901 
4828 
5734 
762 1 
6301 
5457 
5593 
6409 
8849 
5985 
7247 
8531 

10380 
9424 
8283 

12860 
3671 
4606 
5689 
7391 
6111 
5337 
8612 
5067 

10780 
1114 

1313 16.12 
1313 1 8 3 7  
1584 20.74 
1750 23.74 
1662 21.95 
1599 20.44 
1708 20.56 
1956 22.41 
2895 27.83 
1626 18.59 
1626 21.31 
1955 23.93 
2155 25.88 
206 1 25.68 
2066 23.53 
3517 32.30 
1169 15.32 
I170 17.85 
1494 20 72 
1677 23-17 
1584 21.44 
1537 19.77 
2763 27.25 
1646 15.35 
2341 22.08 
315.8 7.33 

17.56 
17.59 
19.89 
21.21 
20.54 
20.19 
21.08 
22.84 
28.70 
19.71 
19.73 
22,36 
23.87 
23.23 
23.27 
32.37 
16. I 1  
16.15 
19.29 
20.88 
20.11 
19.51 
28.00 
15.94 
19.70 
7.18 
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and for the sum of atom refractions 

D F ; = D F ~  C R~ , ( / i y k  ) 
respectively, where M is the atomic mass in atom units 
of the ith atom, R is the atom refraction (cm3) of the 
ith atom and N i s  the number of atoms in the molecule. 
The application of these characteristics for a compar- 
ative analysis of molecular dissymmetry can be useful in 
the case of structures which differ considerably in the 
number of atoms. 

A comparison of D F f  and DF; values with the 
twisting power of ketones 1-4 (Table 1) shows that they 
change in a similar manner: they both increase with the 
introduction of bulky and extended substituents in the 
para position of the benzene ring. The substitution of 
a hydrogen atom in the C-4 chiral centre of compounds 
1 for the larger volume and more easily polarizable 
bromine atom (ketones 2) is accompanied by slight 
increases in DF and I f i  1 values. The elimination of this 

chiral centre (ketones 3) decreases the values of OFT, 
DFF and I 6 1. The lowest values of the twisting power 
and DF are obtained for ( - )-menthone. 

The regression analysis which was carried out (see 
Table 2) indicated a satisfactory correlative dependence 
between the experimental values 1 p 1 and the calculated 
functions of dissymmetry described by equation (1) for 
the whole series of chiral dopants studied: 

I f i I y = a x + b  (1) 
where y = 0.5-1, x is the DF used and a and b are par- 
ameters of the regression equation. Other possible 
regression equations (with values of y > 1 and also 
logarithmic, exponential, etc.) give a much poorer cor- 
relation between I f i  1 and DF (calculated correlation 
coefficients r 4 0.9). 

The analysis of the data in Table 2 shows first that 
the use of DFR values allows the twisting 
power-dissymmetry of chiral molecules relationship to  
be described with higher accuracy than DFM values (the 

Table 2. Parameters of regression equations 10 J y  = ax + b for the whole series of chiral compounds 1-4 and 
( - )-menthone 

Solvent X Y a Sa a b sb a ra 

5 D F ~  1 0.0035 0.0003 3.5 2.2 0.899 
D F ~  1 0.0142 0.001 1 2.2 1.9 0.925 
DF,M 1 1.44 0.08 - 2.4 1.6 0.961 
OF; 1 1.48 0.08 -2.3 1-7 0.957 
D F ~  0.5 0.00055 0.00005 1.23 0.38 0.879 
D F ~  0.5 0.00221 0.00020 1.04 0.35 0.901 
DF,M 0.5 0.234 0.010 0.14 0.20 0.976 
DF; 0.5 0.240 0.01 1 0.17 0.22 0.970 
DF(Z) 1 0.00155 0*00014 4 .1  2.0 0.906 
DWx, Y) 1 0.00523 0.00049 3.3 2.2 0.894 
DF(Z) 1 0.00604 0.0005 3.8 1.9 0.916 
DFk Y) 1 0.0214 0.0016 1.5 2.0 0.925 
D F ( Z ) ~  0.5 0.00024 O.ooOo3 1.4 0.4 0.875 
DF(x, Y 1 0.5 0.00082 O.ooOo8 1.2 0.4 0.879 
DF(Z) 0.5 0.00092 0~00010 1.4 0.4 0.875 
DF(x, Y 1 0.5 0.00338 0.0003 0.9 0.3 0.901 
D F ~  1 0.0025 0.0004 5.6 2.8 0.765 
D F ~  1 0.0108 0.0014 3.7 2.5 0.828 
D F ~  1 1.14 0.10 -0.7 2.1 0.909 
OF," 1 1.18 0.10 -0 .6  2.2 0.907 

D F ~  0.5 0.00189 0.00023 1.17 0.41 0.843 
OF," 0.5 0.207 0.013 0.28 0-26 0.952 
DF; 0.5 0.212 0.014 0.31 0.28 0-947 
D F ( Z ) ~  1 0.00115 0.00017 5 . 5  2-6 0-789 
DF(X, Y) 1 0.00373 0.00062 5.6 2.8 0.755 
D F ( Z ) ~  1 0.00468 0.00059 4.6 2.3 0.837 

D F ( Z ) ~  0.5 0.00020 O.ooOo3 1.5 0.4 0.807 
DF(x, Y) 0.5 0.00068 0.00010 1.4 0.5 0.799 
D F ( Z ) ~  0.5 0.00080 0.00010 1.4 0.4 0.826 
DF(x, Y 1 0.5 0.00288 0.00034 1.1 0.4 0.849 

D F ~  0.5 0.00046 O.ooOo6 1.42 0.45 0.802 

DF(x,ylR 1 0.0161 0.0022 3-4 2.6 0.821 

6 

"S, and s b  are the mean square deviations of parameters (I and b, respectively; r is the correlation coeficient. 
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correlation coefficients obtained are noticeably higher 
in the former case). This agrees with existing ideas l8 on 
the role that dispersion interactions play in forming the 
ordering in liquid crystalline systems. The changes in 
the dissymmetry of the dispersion force field caused by 
the molecular polarizability of chiral dopants exert a 
decisive influence on the changes in twisting power 
among other analysed structures. However, the differ- 
ences stated virtually disappear when using the corre- 
sponding normalized DF (OFF and DFF). 

Attention is also drawn t o  the fact that the J p 1-DF 
correlation dependences in nematic solvent 6, irrespec- 
tive of the type of DF used are characterized by lower 
correlation coefficients than for corresponding 
dependences in nematic solvent 5. This peculiarity and 
also the lower twisting power of chiral dopants in 
medium 6 in comparison with medium 5 and the tend- 
ency for levelling of its differences are, in the end, con- 
trolled by the more elastic properties of smectogenic 
nematic solvent 6 compared with 5. l 9  

According to the data for the nematic solvent 5, a 
more accurate description of the correlation between 
10 1 and DFR(DFM) is given by linear correlation 
dependence (1) with y = 1, whereas using the normal- 
ized OF,” and OF,” values higher correlation 
coefficients were obtained with y = 0.5. The same situ- 
ation is valid for IpI-DFf (OF,”) dependences in 
nematic solvent 6. As regards the higher correlation 
coefficients obtained when using the normalized DF,” 
and DFf values compared with the correlative 
dependence I/31-DFM (DFR) ,  it is possible that an 
important role is played by the fact that with such nor- 
malization of DF the differences in molecular dissym- 
metry disappear and the range of relative changes in DF 
decreases, leading to  the apparent rise in the accuracy 
of the correlation. 

Apparently, the ranges of  I /3 I and DF values for the 
chiral compounds investigated here is not large enough 
to show a convincing preference for any specific type of  
DF (DFM or D F f ,  DFR or OF:) or for a particular 
regression equation ( 1 )  with y = 0.5-1 for a description 
of the twisting power-molecular dissymmetry relation- 
ship at  this stage of the investigation. Subsequent 
broader investigations of chiral compounds especially 
with smaller and higher DF values than for 1-4 will 
allow the form of the correlative 10 I-DF to  be spe- 
cified. The establishment of the correlative dependence 
between these values is more important as this 
dependence is determined for the whole range of chiral 
dopants differing both in the structures of the chiral 
cyclohexanone or cyclohexenone molecular fragments 
and in the character of the a-electron system. This 
opens up the possibility of non-experimental screening 
of chiral components of induced cholesteric systems 
proceeding from the calculated DF values and theor- 
etical conformational analysis. Thus an increase in the 
number of benzene rings in structures 1 may be useful 

because DFR = 5643, DF; = 44.05, DFM = 17 160 and 
D F F =  43.56 are calculated for derivative 1 with 
X=4’-C6H&H4, which are higher than the corre- 
sponding values obtained for the investigated com- 
pounds 1-4. 

We were also able to  compare the twisting powers 
calculated using dissymmetry functions of various types 
and obtained correlative dependences (1) ( 1  I and 
experimental values (I p 1 e x p e r . )  for two compounds of 
series 4 obtained recently” (4c, X = OCH3, and 4d, 
X = CsHs) (see Table 3). A satisfactory correspondence 
between 16 I should be obtained. It is 
remarkable that such a correspondence can be observed 
for the data in nematic solvent 6 also where the correla- 
tion coefficients for equation (1) with y = 1 are con- 
siderably lower than those for the corresponding data in 
nematic solvent 5. The best agreement between 1 p Icalc. 

and 1 p I exper. values for both compounds in nematic 
solvent 5 is obtained when the molecular dissymmetry 
DFR and the correlative equation (1) with y =  1 are 
used. 

values obtained when 
using the normalized values OF,” and DFf  in nematic 
solvent 5 are considerably underestimated in com- 
parison with the experimental values (two times less for 
compound 4c). This agrees with the above-stated ideas 
concerning these DF peculiarities. On the other hand, 
the high I p l e x p e r .  value for compound 4c in nematic 
solvent 5 (considerably higher than in medium 6 or for 
compound 4b with much higher DF values) possibly 
reflects the effect of some structural similarity of mol- 
ecules of nematic solvent 5 and chiral dopant 4c (the 
existence of similar p-methoxybenzylidene fragments), 
the importance of which was stated by The 
influence of this additional specific factor is not, of 
course, taken into account in the DF values. 

While analysing the structure-twisting power 
relationship, it should be taken into account that the 
influence of foreign particles on the properties of liquid 
crystalline system can be considered not only within the 
limits of the general properties of the dissymmetry of 
chiral molecules but also with regard to their biaxiality. 
The problems of the influence of the biaxiality of 
mesogenic molecules and foreign particles on the ther- 
modynamic properties of mesophases within the limits 
of the traditional physical views have been considered 
by several groups. ’8323-27 The results of these investi- 
gations are ambiguous and d o  not allow this problem 
to be solved even at the level of the construction of a 
correlative dependence. 

In connection with this, it seems to be appropriate to  
make an attempt to consider the influence of the biax- 
iality of the chiral dopant molecules on their effec- 
tiveness in inducing helical ordering in the mesophase 
(the twisting power) within the limits of the DFmethod, 
since it allows one, as shown above, to describe the 
influence of molecular structure on (3 safely enough at 

and 1 /3 1 

It is interesting that l(3 I 
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Table 3. 1 p 1 values for compounds 4c (X = OCH3) and 4d (X = C6HS) calculated using correlative dependences 
(1) and (2) 

1 p in 
nematic solvents 

y Values in (am-')  
Correlation correlation 

Compound Type of DF used equation equation (1) 5 6 

4~ (X = OCH3)a DF" (1 )  1 29.3 24.0 
D F ~  (1) 1 32.5 26.8 
OF," (1) 0 .5  20.9 17.6 
OF," (1) 0 .5  21.1 17.8 
DF(Z)" ( 1 )  1 29.0 24.0 
DF(x, Y)" (1) 1 29,5 24.2 
D F ( Z ) ~  (1) 1 31.4 26.0 

1 32.8 26.9 
- 29.0 23.1 
- 33.1 26.1 

4d (X = C ~ H S ) ~  DF" (1) 1 50.4 39.1 
D F ~  (1) 1 60.8 48.3 
OF," (1) 0.5 44- 1 36.4 
DF,R (1) 0.5 42.7 35.2 
DF(Z)" (1) 1 50.8 40.2 
DF(x, Y)" (1) 1 50-0 38.9 
D F ( Z ) ~  (1) 1 61.8 49.6 

1 59.4 46.9 
- 50.6 39.0 
- 61.6 49.2 

DF(x ,  Y ) ~  (1) 

D F ( z ) ~ ,  w x ,  Y )  (2) 
DF(z)", DF(x ,  YY" (2) 

DF(x, Y )  (1) 

D F ( z ) ~ ,  DF(X,Y)  (2) 
DF(z)", DF(x, Y)~" (2) 

"DFvaluescalculated forcompound4c:DF'=7378,DFR=2137, OF,"= 18.92, DFE= 18,45,DF(z)"= 16060,DF(x,y)"=5001, 
D F ( Z ) ~  = 4574 and DF(x, Y ) ~  = 1461. Experimental values of 16 I are 40.4 f 1 . 7  Fm-' in nematic solvent 5 and 20.1 t 3 . 5  pm-' in 
nematic solvent 6. 
' D F  values calculated for compound 4d: DFM = 13 390, DFR= 4127, OF," = 27.78, OF," = 26.53, D F ( z ) ~  = 30 150, 
DF(x, y)" = 8922, D F ( z ) ~  = 9610 and DF(x,  y ) R  = 2704. Experimental values of 16 I are 63.9 f 1 . 5  gm-' in nematic solvent 5 and 
3 7 . 5  ? 3 . 0 1 ~ m - l  in nematic solvent 6. 

the level of correlative dependences. Proceeding in such 
a way, parallel to the general dissymmetry functions 
DFM and DFR for the studied chiral compounds, we 
calculated their components D F ( z ) ~ ,  DF(x,  Y ) ~ ,  
D F ( z ) ~  and DF(x ,  y ) R  characterizing the molecular 
dissymmetry with respect to  molecular long ( z )  and 
short ( x ,  y )  axes respectively. Every function DF(z),  
D F ( x )  and D F ( y )  was calculated, according to  Ref. 7, 
as the geometrical mean level of dissymmetry ( L 9 ; )  
with respect to all specific ways of carrying out the 
operation of symmetry S; for a molecule in the given 
system of coordinates, e.g. 

DF(Z)  = ~LDS~LDS~LDS$LDS~ 
The functions DF(x ,  y )  were correspondingly calcu- 
lated as the geometrical mean of functions DF(x) and 
D F ( y )  with respect to  two much shorter molecular 
axes. DF(z) and DF(x, y )  values within the limits of the 
DF method are a peculiar characteristic of the biaxiality 
of chiral molecules. 

The calculated DF(z) and the D F ( x , y )  values are 
given in Table 4. Their comparison with the set of OFM 
and DFR values for the same compounds 1-4 (Table 1 )  

shows complete similarity of the changes in DF'(') 
values and their components D F ( Z ) ~ ( ~ )  and 
DF(x, y ) M ( R ) .  It can be noted that the relative change 
in D F ( z ) ~ ( ~ )  values in the series of com ounds 1-4 is 

ratio of D F ( z ) ~ ( ~ )  values for compounds 4d and 3a is 
3.9-4.1; the corresponding ratio of DF(x ,  y)'(R) 
values is 3 3-3 -4; see Tables 3 and 41 . 

To clarify the relationship between the twisting 
power I /3 I of the biaxial chiral molecules and the com- 
ponents of their dissymmetry DF(z)  and D F ( x , y ) ,  it 
seems to  be simplest and valid enough to use the fol- 
lowing linear two-parameter correlative dependences: 

I 0 1 = u D F ( z ) ~ ( ~ )  + bDF(x, y ) M ( R )  + c (2 )  

For comparison, the single-parameter correlative 
dependences 1 /3 1 -DF(z) and I 0 I -DF(x,  y )  are also 
considered. The results of the regression analysis 
carried out (Tables 2 and 5 )  show that the twisting 
power of compounds 1-4 correlates with the compo- 
nents of molecular dissymmetry DF(z) and DF(x, y )  
with virtually the same accuracy as when using the 
general characteristics of dissymmetry DFM and DFR. 

slightly larger than that in D F ( x , ~ ) ~ (  1 ) values [the 
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Table 4. Calculated components of dissymmetry functions with respect to long [DF(z)] and short [DF(x, y ) ]  
molecular axes for chiral compounds 1-4 and ( - )-menthone 

Component of dissymmetry functions 

la 
l b  
l c  
Id 
l e  
If 
1g 
l h  
l i  
2a 
2b 
2c 
2d 
2e 
2f 
2g 
3a 
3b 
3c 
3d 
3e 
3f 

4a 
4b 
( - )-Menthone 

3g 

C6HS 
H 

8129 
10692 
13290 
18998 
14894 
12460 
12801 
14903 
21952 
10785 
13998 
I728 1 
24228 
19325 
16566 
28094 

7390 
9830 

12354 
17768 
13859 
11885 
20672 
10238 
24755 

1644 

2702 
3244 
3767 
4826 
4098 
361 1 
3697 
4203 
5619 
4458 
5214 
5994 
6792 
6581 
5858 
8698 
2594 
3153 
3860 
4766 
4058 
3576 
5559 
3565 
7110 

917 

277 1 
2770 
353 1 
4012 
3737 
3570 
3839 
4540 
7241 
31 14 
3113 
3947 
4391 
4172 
426 1 
8020 
2448 
2448 
3154 
3596 
3347 
3459 
6638 
3370 
5087 

517 

904 
904 

1061 
1156 
1164 
1070 
1189 
1284 
1831 
1175 
1175 
1376 
1497 
1449 
1438 
2329 
808 
809 

1028 
1145 
1090 
1025 
1782 
1150 
1588 
247 

Table 5. Parameters of regression equations 1 /3 I = uDF(z)"'" + bDF(x, y)"'R' + c for the whole range of chiral 
compounds 1-4 and ( - )-menthone 

Solvent DF used l? So a b sb a c S," r a  

5 D F ( z ) ~ ,  DF(x ,  y),"" 0.00137 0.00059 0.00061 0.002 3.9 2.2 0.899 
DF(z),", DF(x ,  Y )  0.0017 0.0022 0.016 0.008 2.0 2.1 0.921 

6 D F ( z ) ~ ,  DF(x ,  y)," 0*0016 0.0007 -0.0017 0.0024 5.9 2.7 0.778 
D F ( z ) ~ ,  D F ( X , Y )  0.0040 0.0028 0.0022 0.0097 4.4 2.6 0.823 

"So.  s b  and S, are mean square deviations of parameters a, b and c, respectively; r is the correlation coefficient. 

This agrees with the model Van der Meer, " according 
to  which the calculation of molecular biaxiality gives 
only a non-essential contribution t o  the energy of the 
interaction between molecules of helically ordered 
systems. It seems to  be that in uniaxial liquid crystalline 
media (nematic solvents 5 and 6 used here are related to  
such media) the influence of the biaxiality of the mol- 
ecules of chiral dopants is revealed only locally and 
does not affect the overall order arameters. l8 

The use of functions D F ( Z ) ~ ( ~ )  and DF(x, y)'(R) 
and the general characteristics of dissymmetry DF'(R) 
allows one to  predict satisfactorily the 10 1 values of 
new chiral compounds on the basis of correlative 
dependences of types (1) and (2) (Table 3). 

To determine possible ways for a directed search for 
effective chiral dopants similar to the studied ketones 1, 
it is expedient to  follow the changes in OFR and DF: 
values with consecutive structural changes in molecules 
7-14. 

CH3 



QUANTITATIVE ASPECTS OF CHIRALITY. III  315 

CH3 

CH(CH3 ) z  

9, D F ~  = 1335, OF," = 17.9  

CH(CH3 I z  

11, DFR = 1159, OF," = 16.8 

13, DFR = 1082, D F f =  17.5 

10, DFR = 1321, OF," = 18.2 

12, DFR = 1257, OF," = 18.6 

14, DFR = 234, DFf = 6.2 

When calculating the DF values of the molecules 
their geometry was naturally considered to  be similar to  
those in structures 1. It is evident that the introduction 
of a 2-methylene group into the molecule of (+) -  
isomenthone (7; giving 8)  affects the DFR and DF: 
values comparatively weakly. However, the subsequent 
introduction of a phenyl group with the formation of 
structure (1, X = H) (9) sharply increases (almost 
doubles) DF:. Close values of OFR and DF: are 
also obtained for the 2-benzylidene derivative of 
p-menthane (10). It is characteristic that the values of 
DFR and particularly of DF: vary slightly on passing 
to structures 11-13, differing from 9 by the absence of 
one or both alky substituents. 

Overall it is obvious that in the case of ketone 13 the 
dissymmetry of the molecule is controlled only by the 
non-planarity of the cinnamoyl fragment. However, the 
model non-planar cinnamoyl system 14 is characterized 
by a relatively low dissymmetry, that is, the incorpor- 
ation of this group in a six-membered ring is an 
important factor. Hence the investigation indicates that 
fixing the position of the cinnamoyl group in a non- 
planar s-cis-conformation due t o  the chiral six- 
membered ring is one of the ways to obtain chiral 
structures with both high dissymmetry and high 
twisting power. The character of alkyl substitution in 
the ring is important only in connection with the 
necessity for stabilization of one conformer with a 
certain helicity of the cinnamoyl system. The number of 
chiral centres in the ring is not of much importance. 
The introduction of extended para substituents in the 
benzene ring, as follows from Table 1 ,  is also a reason 
for some increase in molecular dissymmetry. 

Hence we conclude that there are certain possibilities 
of using the calculated DF values to describe the influ- 
ence of the molecular structure of chiral compounds on 
one of their important properties stipulated by the mol- 
ecular chirality, viz. the effectiveness of the induction of 
helical ordering in the nematic mesophase. 

EXPERIMENTAL 

The measurements of the sign and absolute values of 
the twisting power of chiral compounds was described 
previously. 28 Conformational energies of the structures 
under investigation were calculated according to  the 
force field method '' with Scott-Scheraga parameters. 29 
The calculations of DF values were carried out as 
described in Part I.' The values of the atom refractions 
according to Eisenlohr-Vogel 30 were used. 

CONCLUSION 

For many chiral carbonyl compounds, cyclohexanone 
and cyclohexenone derivatives, existing almost entirely 
in the form of one molecular conformation, the cor- 
relative dependences between the values of the calcu- 
lated dissymmetry functions with respect to  atomic 
masses and atom refractions and the induction effec- 
tiveness of helical ordering in the nematic mesophase 
(twisting power) have been established. The important 
aspect is that such correlative dependences are observed 
for groups of compounds that differ in the structures 
of both the chiral cyclic skeleton and the exocyclic 
*-electronic substituent, allowing one to predict with 
acceptable accuracy the twisting power of new 
substances with a 'fixed' molecular conformation. 

Types of dissymmetry functions and of correlative 
dependences that are most acceptable for this purpose 
were established. Dissymmetry functions formed on the 
basis of atom refractions (polarizabilities) describe the 
influence of the molecular structure of chiral com- 
pounds on the twisting power with higher accuracy than 
those which characterize the dissymmetry of the atomic 
mass distribution, according to the important role of 
the dispersion forces in the formation of helical 
ordering in liquid crystalline systems. 

The components characterizing the distribution dis- 
symmetry of atomic refractions and masses with respect 
to  the long and the two shorter axes as peculiar charac- 
teristics of the biaxiality of chiral molecules describe the 
influence of the molecular structure on the twisting 
power with the same accuracy as d o  the general DF 
values. Hence, within the limits of the DF method, it 
was confirmed that the biaxiality of a dopant molecule 
does not have a significant effect in uniaxial 
mesophases. 

Based on the calculations for model systems, it was 
established that the existence of the non-planar cinna- 
moyl fragment has a decisive influence on the molecular 
dissymmetry of chiral a ,  punsaturated cyclohexanone 
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and cyclohexenone derivatives. Alkyl groups influence 
the molecular dissymmetry only slightly, but it is 
important that their existence ensures the stabilization 
of a single chiral conformer with the defined helicity of 
the cinnamoyl fragment. 
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