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CONFORMATIONAL STUDIES ON MESOGENIC MONOMERS AND
DIMERS

RUDOLF FRIEDEMANN, SYLVIA USLAR AND WOLFGANG USLAR
Department of Chemistry, Martin Luther University,
Halle/S.,6.D.R.

Abstract The conformational properties of the isc—
lated alkyl substituted cyanoc—biphenyls, cyanc—phe-
nyl—cyclohexanes and cyano—phenyl-1,3—dioxanes are
studied by molecular mechanics and by a point char-
ge model. Especially the relative orientation of
the rings and the flexibility of the alkyl groups
are investigated. Structures with kinks in the
alkyl chains and the length-—-broad relation{(L/HE)} of
the energetically preferred conformers are cal-
culated. In the disubstituted cyclchexanes and 1,3-
dioxanes the e,e conformers are more stable than
the a,a ones. Moreover, the molecular mechanics
calculations are extended to the dimers of ben-—
zene, biphenyl, cyano—-biphenyl and 4-—n—hexyl—-4?'-cy—
anc—biphenyl in order to investigate the preferred
structures.

INTRODUCTION

Information on the conformational and structural beha-
viour of isolated molecules and molecular dimers may be
helpful inthefirst step for deeper understandirng of
the relationship between structure and properties in
crystalline and liquid crystalline states. There—
fore we have performed calculations on mescogenic mono—
mers and dimers within the model of local electron pairs
(Lem ! and the molecular mechanics method(MMF‘E)E from
Allinger. In this work we report the results of our
theoreticalrsfaﬁies o 4—-ri—alkyl—4' —cyanc—biphernyls {(n—

CE; n=3-6,8), 4-n—alkyl—-1—-(4' —cyanc—phenyli—cyclchexanes
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(n—CPC; n=3-6,8), 2-(4’-—cyano—-phenyl)-5-n-cctyl-1,3-di-
oxane (8-CP2,5D) and 5-(4'-—cyanc—phenyl)—2-n—octyl-1, 3—
dioxane (8-CPS,2D) as well as on the dimers of benzene,
biphenyl, CB and 6-CB. The purpose of the conformational
studies is to investigate the energetical and structural
properties of the isclated mesogenic compounds. A prin-
cipal point of interest is the investigation of the ar-—
rangements of the rings and the orientation and flexibi-
lity of the alkyl chains. On the disubstituted cyclche-
xame and dioxane derivatives the stability of the e,e
and a,a conformers is discussed. Moreover, the effects
of kinks in the alkyl chains on the enerpgetical proper-—
ties and on the length-broad relatiorn of the mescogenic
compaurnds are investigated. The structural studies on
the dimers are performed in order to calculate the pre—
ferred arrangements of the molecules and the infTiuernce
of the intermolecular interactions on intramolecular
changes. Furthermore the applicability of the used MMP2
version for treating intermoclecular interactions is
tested. Until now calculations on such systems are car—

ried out on a limited sca193’4’5.

RESULTS AND DISCUSSIONS

Mornomers

Within the MMP2 method an all—trans arrangement of the
alkyl chain was obtained for the mast stable conformers
af rn—CB. In contrast to this result the erergetically
preferred structures in the LEP model show a back folded
orientation of the alkyl tail to the rneighboured benzene
ring, while conformations with an all-trans arrangement
of the alkyl group correspond to local minima. This is

illustrated for the favoured MMPZ and LEP structures of
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6-CB in Figure 1. Similar results were alsc obtained
for the n—CPC compounds. It results #n extended arrange—
ment of the alkyl chain in the preferred MMPZ structures

and a folded one in the most stable LEP conformers.

St 33

FIGURE 1 6&-CE(1)/MMPZ(left) and 6-CE(1)/LEF{right)

The calculated values of the dihedral angle hbhetween the
phenyl rings in the n—LB series of 27 (mMmMP2) and 32°
(LEF) are comparable with X-ray data®. In the n-CPC
compounds both the MMPZ and LEP calculations show a
nearly perpendicular orientation of the central plane of
the cyclohexarne ring with respect to the phenyl ring.

7 on 8-

This is in agreement with X-ray data of Paulus
CRC.

In order to get some information about the flexi-—
bility af the alkyl tail in the isclated n—CB and n—
CPL molecules we have calculated the relaxed rotational
MMPZ barriers about the alkyl-phenyl and alkyl—-cyclo-—
hexyl bond in 8-CB and 8-CFC. The height of the bar—
riers 6 kJ/mole{8-CB) and 10 kJ/mole (8-CFC) as well as
the areas of free rotation of about 90%(n-CB) and 40°
(ri—CRC) are hints for a higher flexibility of the alkyl
chain in 8-CB in comparison to 8-CFPC. These findings
correlate with NMR resultsa.

gur MMFEZ calculations on 8-CRC, 8-CPS5,28D and 8-
CPZ,5D show that in the disubstituted chair-—shaped cy-

clohexanes and 1,3—dioxanes the e,e conformers are
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preferred in comparison to the aya ones. The following
differences between the most stable a,a and eye confor—
mers in the disubstituted compounds are found 8-CPC (27
kJ/mcole), B-CP5,2D(17 kI/mole) and 8-CP2,5D(11 kJI/mole).

Moreover, structures with kinks in the alkyl chains
arnd the L/B relation of n—CB and n—CPC are investigated.
Kinks are structures with the torsion angle sequence
60%, 1809, -60° in three adjacent C-C bornds of the al-
kyl chain. The L/B relation of the conformers was calcu-—
lated based on the computation of the principal axis of
the moment of inertia by a PC program. Both the LEF and
MMPZ2 calculations on 8-CR and 8-CPC show that kink
structures are quite energetically favoured conformers.
The conformational energies as well as the L/B values
are comparable with those of the most stable all—trans
structures. Accordingly, kinks or kink—-1like arrangements
should cCcur as possible structures in liquid cory-—

stalline state, too.

Dimers

The molecular mechanics calculations were extended to
mesagenic dimers in order to test the MMPFZ version for
treating intermolecular interactions and to model sur—
rounding effects in a very simple way. Especially the
mMMPZ calculations or the benzerne dimer have shown that
the addition of point charges is important. We have used
net atomic charges of —-0.15 on carbon and +0.15 on hy-
drogeng. In agreement with other molecular mechanics and

ab initic calculatiahsg’io

we found that the T arrange-—
ment (edge~to—face) is more stable than the sandwich
structure{(face—to-face) by about 8 kJ/mole. The most
stable dimer corvesponds to a T shaped structure wagging

one ring up(Figure 2).
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For our calculations on the dimer of biphenyl the
net atomic charges were taken from ﬂettersong, too., In
the most stable structure the corresponding phenyl rings

have a parallel arrangement (Figure ).

© 65 & X
RS

FIGURE 2 (CSHS)E(left) and Bipheriyl dimer {(right)

e

The interplane distance is about 350 pm and the inter-—
ring torsion angle arises to 419, Similar results are
also obtained without additional charges, but the in-
terring torsion angle is reduced to 29°.

The used point charges inm the calculation of the
cyanc—-biphenyl dimer are obtained by an electronegativi-

ty equalization pr‘ocedur‘el1

and scaling to the experi-
mental dipole moment. The antiparallel arrarngement (Fi-
guwre 3) is more stable than the parallel orne by 15 kJ/
male. The distance of the planes of the stacking phenyl
rings is 360 pm and the interring torsion angle is abaut
30 Without point charges it results nearly the same

qualitative predictions.

g0
OB

FIGURE 3 Most stable structure of the CB dimer

Within our MMPZ calculations on the 6-CB dimer we have
obtained up to now the results without additional point

charges only. In this case different to the molecular
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packing from X-ray fihdings7 the parallel arrangement
is more stable thanm the antiparallel one by about 22 kJ/
mole(Figure 4). In both structures the corresponding in—
terplane distances near 350 pm as well as the interring
torsion angles of about 28° are comparable. The influer—
ce of additional point charges and further starting ar-
rangements in the computations on the preferred structu-

res of the 6-CB dimer will be investigated.

FIGURE 4 Preferred structures of the &6-CHE dimer
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