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Cycloalka(alke) Nones as Structural Fragments
in Liquid Crystals

Vladimir F. Petrov
LC Works, Camberwell, Vic., Australia

The effect on the physicochemical and electrooptical properties of introducing
cycloalkanones and cycloalkenones into the molecular structure of liquid crystals
is discussed and rationalized in terms of existent theories.
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INTRODUCTION

This review focuses on the effect of introducing the fragments contain-
ing the exocyclic keto bond into the molecular structure of liquid
crystals on their physicochemical and electrooptical properties. It is
believed that many characteristic effects of the exocyclic ketonization
can be correlated with the geometric and electronic structures of
the keto groups [1] and their quantity and positions in the molecule.
The pronounced ability of the keto groups to form the hydrogen bonds
[2—6] and cause the mesomeric effect, which is due to the conjugation
of the keto group with another double bond or with a lone pair of elec-
trons [1], should affect the physicochemical properties of liquid crys-
tals containing cycloalkanones and cycloalkenones.

MESOMORPHIC PROPERTIES

The phase transition temperatures of some ketones and reference com-
pounds are presented in Tables I-IV where Cr, Sm, SmC, SmA, N, and
I denote the crystalline, smectic, smectic C, smectic A, nematic, and
isotropic phases, respectively.
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TABLE I Physicochemical Properties of Some Liquid Crystals

No. Compound Phase transitions, °C =~ A¢ An Reference

11 e, —< ) )—C=0  orazl 2.85° 0.071° 17
12 Gty _O_Q_? Crddl ~1.98° 0.040° 18
13 C5H130—©_ coo—<:>= O Cradl 19
14 cu,— )~ )=o Cr3il 20

fe) Cr741 21

%

1-5 F,CO

1-6 o

17 0 . O @ . 0Cr2211 23

18 o Q O O O 0 Cr23sl 23

1.9 Gy _O_O—Q Cr 66 Sm 151 T 24
o}

1-10° A =Q= A Cr 153 SmA 25

0 Cr1i161 22

:

0 174 N 176 1
1-11° A =Q= A Cr 117 N 1411 25
o)
1-12° A:@ A Cr92 N 104 T 25
o)
1-13 CsHn g > < > OC,Hs Cr441 26
o
1-14 Can—O—@— OCH;  Cr51N (491 27
1-15 Gt , . OC,H;s Cr 70 SmA 86 T 28
o

@bExtrapolated from 10 wt % solution at 20°C in ZLI-4792 and ZLI-2857, respectively.

‘A= C5H130—©— CH=
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TABLE ITI Mesomorphic Properties of Liquid Crystals:
ChHon1 ™ A _Q_ B
No. n A B Phase transitions, °C Reference
2.1 5 @ OC,H;  Cr79 N (76) 1 29
Q
22 5 b_@ CH, Cr 84 SmA 148 N 152 1 26
2.3 5 O—@ CH, Cr 98 Sm 123 N 178 1 30
24 5 ‘ O CHs Cr 117 SmA 179 T 28
Q
2.5 5 b_@ OCH; Cr112N 178 1 26
2.6 5 O—@ OCH;  Cr80N 1651 31
Q
27 5 @_@ OCH;  Cr101N1121 32
0
28 5 ©_<:"> OCH;  Cr1271 32
Q
2.9 5 OCH, Cr67N 991 32
o)
210 5 OCH; Cr63N 751 32
o)
211 3 O_d F Cr107 N 1221 32
212 3 O—O F Cr 54.1 Sm 96.6 N 155.2 T 33
o)
213 3 O—G F Cr 1051 32
214 3 O—@ F Cr45N 911 34
Q Q
28

215 5 N OC,H;  Cr92 SmA 130 N 1541

It has been demonstrated that the cyclobutanone is floppy molecule
(compare with puckered, nonplanar parent cyclobutane) [7]. Its
slightly distorted chair conformation is a little bit higher in energy

than the parent system [8,9].
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TABLE III Mesomorphic Properties of Some Liquid Crystals

No. Compound Phase transitions, °C ~ Reference

Q O
3-1 CH,, O O Q O CeHyy Cr 118 SmA 225 1 35
3-2 CSHy, 6 O O O CoHy; Cr 180 SmA 254 N 275 1 28
O

Q

B i Cr 109 SmA 164 1 28
34 CyHy, CsHyy Cr 91 Sm 144 N 167 I 36

3.5 CioHyO Cr591 43
3.6 CsHy —O—Cb: o Cr 59.9 Sm (33) I 50

3.7 CsHy Cr70.81 50

3-8 et O. O OC,H, Cr61N @37 I 53
3-9 o, O. O GC4Hy Cr54.8 N (48.2) 1 53

3-10 C4H,, OC,H, Cr37Sm80.1Sm88.11 54

O
3-11 Cr93 N 9951 55
et~ o
3-12 Cre 56.5 Cr; 64.5 N 84 1 55
CsHys % Cetiz ? !

According to Tamagawa and Hilderbrandt [10], slightly distorted
cyclopentanone can either be twisted, with Cy symmetry, or it can be
bent, with C; symmetry. The twisted and bent ring conformations
have the identical energy, which is why the barrier to pseudorotation
is equal to zero. Indeed, the pseudorotational motion of substituted
cyclopentanones can be more restricted because the energies of the
twisted and bent conformers are no longer identical. The stability of
these conformers depends on the torsional barriers of the carbon—
carbon bond and the bonds involving the substituted atom [10].

On the potential energy surface of cyclohexanone, these are two
minima, the chair and twist-boat [11]. The twist-boat is distorted
toward the boat conformation. The calculated energy difference
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TABLE IV Mesomorphic Properties of Liquid Crystals: CsH;,0—A—OCgH

No. Phase transitions, °C Reference

4-1 .O Cr 55 SmC 85 1 60

4-2 0.0 Cr 111 SmA 116.5 1 60

43 o O Cr 80 SmC 99 1 61
0

4-4 Cr11751 62

between these two conformations is 3.4 kcal/mol [11]. In cyclohexane
there are two types of minima, the chair and twist-boat, and two
first-order transition states: the half-chair and boat [11]. The half-
chair and twist-boat are calculated to be 8.6 and 5.6 kcal/mol above
the chair, respectively. This reveals that the introduction of the car-
bonyl bond into the cyclohexane significantly lowers the energy differ-
ence between the chair and twist-boat conformations. The boat state of
the cyclohexane is 1.1kcal/mol above the twist-boat, whereas the
barrier to conversion in the chair is 10.4 kcal/mol [11]. According to
Abraham et al. [12], the cyclohexanone ring is somewhat flatter at
the carbonyl end than cyclohexane, the angle of pucker being reduced
from 51° to 49°; that is, the dihedral angle is reduced from 56° to 51°.

It has been shown that the ratio of the total puckering of the twist-
chair forms of the cycloheptanone (which exists as a nonrigid pseudo-
rotating molecule [13]) and cycloheptane is similar to that of the
cyclohexanone and cyclohexane, suggesting that the carbonyl group
has the same flattening effect in the cycloheptane and cyclohexane
[14]. In the meantime, the carbonyl bond angle, which is one of the
important geometrical parameters of the cycloalkanones, increases
with their sizes [10,15,16]: cyclobutanone: 92.8°, cyclopentanone:
112.4°, cyclohexanone: 115.3° cycloheptanone: 117.2°.

One can expect that these structural features of cycloalkanones
affect the mesomorphic properties of the liquid crystals incorporating
them. Usually, monosubstituted cycloalkanones are not mesomorphic
(compounds 1-1-1-7, Table I). Changing the position of the carbonyl
bond in cyclohexanones (compound 1-9, Table I) and/or disubstitution
of the cyloalkanone derivatives may introduce the mesophases there
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(compounds 1-9-1-12, 2-2, 2-5, 2-7, 2-11, 3-1, Tables I-III). As is evi-
dent from Table I, the introduction of cyclopentanone, cyclohexanone,
and cycloheptanone into the molecular structure of the corresponding
2,5-, 2,6-, and 2,7-bis(4-alkoxy benzylideno) derivatives lowers their
clearing (nematic—isotropic or smectic—isotropic phase-transition
temperature) and melting (crystal-smectic or crystal-nematic phase-
transition temperature) points with increasing the size of cycloalka-
nones (compounds 1-10-1-12). It reveals that the whole cycloalkanone
fragments work as lateral substituents, which increase the molecular
width and reduce the intermolecular interactions [37]. In the case of
disubstituted trans-cyclohexanones, it can be proposed that only their
carbonyl bonds work as lateral substituents, lowering (compounds
1-13, 1-14, 2-2, 2-3, 2-11, and 2-12) and enhancing (compounds 2-5
and 2-6) the clearing temperatures in comparison with those of
the corresponding parent trans-1,4-cyclohexylene derivatives. The
decreased clearing points of the cyclohexanone derivatives do not sup-
port the theory of Maier and Saupe that increasing the anisotropy of
polarizability should enhances the nematic thermostability [38]. In
this case, the cyclohexanone derivatives, which have larger polariz-
ability than the corresponding cyclohexane derivatives [39,40], should
always exhibit higher clearing temperatures. The melting tempera-
tures of the cyclohexanone derivatives can be lower (compounds 1-13,
1-14, 2-2, and 2-3) and higher (compounds 2-5, 2-6, 2-11, and 2-12)
in respect to those of the corresponding trans-1,4-cyclohexylene deriva-
tives. As is evident from Table II, the direction of the carbonyl group of
cyclohexanone introduced into the molecular core of liquid crystals
significantly affects their mesomorphic properties. So far, pointing
the carbonyl group of the central cyclohexanone toward the terminal
methoxy group of three-ring pentyl-methoxy derivatives results in dis-
appearing the mesophases and increasing the melting temperature
(compound 2-8), whereas the opposite leads to the creation of the
narrow nematic phase with moderate thermostability (compound 2-7).

According to Chadwick et al. [41], the equilibrium structure of
cyclopent-2-en-1-one has the heavy atoms coplanar in contrast to the
puckered structure of cyclopentanone. Significant conjugation is
retained in cyclopent-2-enone after the n — n* transition to keep the
carbonyl oxygen in the plane of the ring [42]. The introduction of cyclo-
pent-2-en-1-one into the molecular structure of two-ring derivatives
does not create the mesophases (compound 3-5, Table III), and the cor-
responding three-ring derivative exhibits very narrow nematic phase
with low thermostability [43].

It has been demonstrated by Abraham and Lucas [44] that in
cyclohex-2-en-1-one the envelope conformation is more stable
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(ca. 0.5-1.0kcal /mol) than the half-chair form. Basically, it is a planar
ring with the exception of C(5) conjugated with the C=C and C=0
bonds and which extends out of the molecular plane [45]. The most
probable motion of this molecule is the inversion of C(5) through the
molecular plane [46]. The parent cyclohexene is nonplanar with a
half-chair (twisted) conformation Cg [47]. The cyclohexene ring can
interconvert from one twisted from to another via the boat (bent) con-
formation with Cg symmetry. The barrier to interconversion lies in the
range 8.4-12.1kcal/mol [47], whereas the barrier to planarity (energy
difference between the planar form Cg, and the twisted form) is
13.4 + 1.4 kcal/mol [47]. Another important thing is the interaction
between the methylene hydrogens. For the C, form, the C(4) C(5)
dihedral angle is 56.6° and C(5) C(6) dihedral angle is 40.9° [48]. For
the C, form, the corresponding angles are 8.7 and 0°, and for the pla-
nar form, all the methylene hydrogens are eclipsed [48]. Some exam-
ples of using cyclohex-2-en-1-one and the corresponding cyclohexene
ring as structural fragments of liquid crystals are presented in Tables
I-III. As in the case of cyclohexanones, we can consider the carbonyl
bond of cyclohex-2-en-1-one as a lateral substituent, which increases
the clearing points (compounds 1-15 and 2-1, Tables I, II) and results
in the disappearance of the mesophases (compounds 2-13 and 2-14) in
respect to those of the corresponding cyclohexene derivatives. The
melting temperatures of the cyclohex-2-en-1-one derivatives can be
lower (compounds 1-15 and 2-1) and higher (compounds 2-13 and
2-14). As is evident from Tables I and II, the clearing temperatures
of the cyclohex-2-en-1-one derivatives can be higher (compounds
1-13, 1-15, 2-2, 2-4, 2-8, and 2-10) and lower (compounds 2-7, 2-9,
2-11, and 2-13) in respect to those of the corresponding cyclohexanone
derivatives. Similarly, the melting temperatures can be higher (com-
pounds 1-13, 1-15, 2-2, and 2-4) and lower (compounds 2-7, 2-8, 2-9,
2-10, 2-11, and 2-13). As in the case of the cyclohexanones, the direc-
tion of the carbonyl bond of cyclohex-2-en-1-one significantly affects
the mesomorphic properties of three-ring pentyl-methoxy derivatives
incorporating this fragment, with higher melting and clearing tem-
peratures recorded for compound having the carbonyl bond pointed
toward the pentyl group (compounds 2-9 and 2-10, Table II). As
expected, the introduction of the second cyclohex-2-en-1-one ring into
the molecular structure of liquid crystals increases the melting and
clearing temperatures (compounds 1-15 and 2-15, Tables I, II). Com-
pounds 3-2 and 3-3 (Table III) present the other examples of liquid
crystals having two cyclohex-2-en-1-one rings that exhibit sufficiently
higher melting temperatures than the corresponding cyclohexanone-
cyclohex-2-en-1-one and dicyclohexene derivatives (compounds 3-1,
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3-4, Table III), whereas the clearing points can be higher (compounds
3-1 and 3-2) and lower (compounds 3-3 and 3-4) in respect to those of
the corresponding cyclohexanone-cyclohex-2-en-1-one and dicyclo-
hexene derivatives, respectively.

The fusion of the cyclohexane and cyclohexanone rings results in
the formation of 2-decalone fragment. It has been reported by Abraham
et al. [49] that trans-2-decalone exists as a rigid chair—chair structure.
In the gas phase its two rings are distorted chairs with the torsional
angle about C(1)—C(2) bond equal to 55.3°. The angle of pucker of
the ketone ring in trans-2-decalone in about 51°, similar to that of
cyclohexanone, but different from that defined for substituted deca-
lones in solid state, in which significant flattening of the rings hap-
pens. Cis-2-decalone has two conformations: steroidal form with
three gauche butane interactions and a more stable (ca. 0.8 kcal/mol)
nonsteroidal form in which one of these gauche interactions is
replaced by a 3-alkyl ketone interactions that have a stabilizing effect.
As can be seen from Table III, the introduction of trans-2-decalone into
the molecular structure of two-fragment derivative results in the
creation of monotropic smectic phase (compound 3-6), and the corre-
sponding unsaturated ketone 3-7 exhibits no mesophases.

It has been shown that in 1-tetralone, which is a result of the fusion
of the benzene and cyclohexanone rings, the envelope conformation is
more stable (ca. 0.94 kcal/mol) that the half-chair conformation [51].
In the corresponding parent tetraline the saturated ring exists in a
half-chair form similar to cyclohexene. The introduced methyl group
at C(1) position of tetraline preferentially orients pseudoaxially,
whereas a methyl group at C(2) prefers the equatorial position [52]. As
is evident from Table III, two-fragment derivative 3-8 with 1-tetralone
shows monotropic nematic phase with a significantly lower clearing
temperature and higher melting point in comparison with that of
the corresponding tetraline (compound 3-9) and biphenyl (compound
3-10) derivatives.

Similar trends can be observed in Table III for perhydro-phenanthren-
1l-one derivative 3-11 and the corresponding perhydro-phenanthrene
derivative 3-12, with higher melting and nematic—isotropic phase
transition temperatures observed for the former compound.

It has been demonstrated that the crystalline fluoren-9-one is pla-
nar where benzene rings are fused to cyclopentanone [56,57]. This
fusion reduces the angels at the fusion points at the C(1) and C(4) posi-
tions below 120°, which is 118° [56]. As is evident from Table IV, dioc-
tyloxy substitution of planar and rigid fluoren-9-one results in the
disappearance of the smectic A phase and formation of the smectic C
phase with the melting and clearing points significantly lower than
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those of the corresponding fluorene [58,59] and dibenzopyran-6-one
derivatives (compounds 4-1, 4-2, and 4-3), whereas the parent biphenyl
derivative 4-4 shows no mesophases. Similar trends have been repor-
ted for other cycloalkanone and cycloalkenone derivatives [63—89].

It can be proposed that the electronic and geometrical structures of
cycloalkanones and cycloalkenones [10-16,40-42,44-46,49,51,56,57,
90,91] play a very important role in the intra- and intermolecular
interactions [6,92-95] that affect the packing of the molecules that
predominantly influences mesophase stability [92-94,96,97]. Aniso-
tropic dispersion interactions, and consequently the anisotropy of
polarizability, depending on the electron density distribution in the
molecular fragments under consideration, also influence the packing
and hence the stability of the mesophases but play a secondary role
compared to the steric factors [97]. Other molecular aspects such as
the association [96] or dipole—dipole attraction in polar liquid crystal-
line derivatives, which can influence the packing of the molecules, also
affect the stability of the mesophases [97].

STATIC DIELECTRIC PROPERTIES

The relationship between the dielectric anisotropy Ae = ¢ — ¢, where
¢| and ¢, are dielectric constants that are parallel and perpendicular,
respectively, to the nematic director n, and molecular structure of
liquid crystals is described by the theory of Maier and Meier [98]:

A& = NhF /eo[Aa — Fii /KT (1 — 3 cos? B)]S, (1)

where h = 3¢"/(2¢* + 1), ¢" = (g +2¢1)/3, Aw = (o) — o1 ) is the polar-
izability anisotropy; F is the cavity reaction field; x is the dipole
moment; f§ is the angle between the molecular long axis and the dipole
moment; N is the number of molecules per unit volume; and S is the
order parameter.

As can be seen from Table I, the positive and negative values of the
dielectric anisotropy of compounds 1-1 and 1-2 are due to more
pronounced contribution of the dipole moment of cyclobutanone
(u=2.89 D [16]) to the parallel and perpendicular parts of Ae,
respectively.

OPTICAL PROPERTIES

The phenomenological relation between the refractive index and the
electric polarization is defined as [99,100]:

(n* —1)/(n* + 2) = Nu* /3, (2)
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where the mean polarizability «* = (¢ + 20, )/3; the mean refractive
index n* = (n? + 2n2)/3; and n, is the ordinary and n, is the extra-
ordinary refractive indices. The observed values of the optical
anisotropy An = n., — n, of compounds 1-1 and 1-2 are similar to those
of other liquid crystals containing the saturated molecular fragments
[101,102].

CONCLUSION

Systematic studies on the introduction of cycloalkanones and cycloalk-
enones into the molecular structure of liquid crystals on the creation of
the mesophases and their physicochemical properties have been per-
formed, with attempts to correlate the molecular level parameters
with the observed properties. The information here presented may
lead to a better understanding of the nature of liquid crystals.
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