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Intermolecular hydrogen bonding as an aid to the preferential exhibition of
the smectic C phase in troponoid liquid crystals

by A. MORI and H. TAKESHITA*

Institute of Advanced Material Study, Kyushu University,
Kasuga, Fukuoka 816, Japan

R. NIMURA and M. ISOBE

Graduate School of Engineering Sciences, 39, Kyushu University,
Kasuga, Fukuoka 816, Japan

2-(4-Alkoxybenzoyloxy)-5-alkylaminotropone and 5-alkoxy-2-(4-alkylamino-
benzoyloxy)tropone liquid crystals showed the smectic C phase exclusively.
Variable temperature FT-IR spectra indicated that intermolecular hydrogen
bonding between the NH and tropone C=O groups assisted the appearance of the
mesophase. 4-Alkoxyphenyl 4-alkylaminobenzoates were non-mesogenic.

1. Introduction

The core structure of rod-like liquid crystals generally consists of six-membered
rings, i.e. benzene or cyclohexane rings. It has been known that a wide ring is less
favourable as a core. A troponoid molecule has a carbonyl group and the molecular
width is wider than that of a benzenoid molecule. Recently, we reported the role of the
carbonyl group on the appearance of the mesophase in rod-like monocyclic liquid
crystals (1) [ 1] and flexible 2-benzyloxytropone derivatives (2) [2]. In the former, the
carbonyl group acts as an acceptor of acyl group migration to form a pseudo ring in the
transition state and in the latter as a lateral polar substituent to attract molecules.

It is known that molecular interactions play an important role not only on the
appearance but also the thermal stability of the mesophase. Hydrogen bonding is a
typical molecular interaction which orders molecules, but it has a negative factor with
respect to the appearance of the mesophase since it raises the melting point above the
mesophase-isotropic transition temperature [3]. Hydrogen bonding enables the
formation of a mesophase by forming stable dimers in aromatic acids (3)[4] and
monosaccharides (4) [5]. Recently, Kato et al. reported new liquid-crystalline com-
plexes between two different components [6]. Thus, hydrogen bonding enhances the
appearance of a mesophase in certain instances.

In this paper we report the preparation of new troponoid liquid crystals,
2-(4-alkoxybenzoyloxy)-5-alkylaminotropone (5)[7] and S5-alkoxy-2-(4-alkylamino-
benzoyloxy)tropone (6) [8], which could be controlled to show exclusively a smectic C
phase due to intermolecular hydrogen bonding between an amino hydrogen atom and
the tropone carbonyl group.

*Author for correspondence.
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2. Experimental
Compound 5 was prepared by monoalkylation of 5-aminotropolone (7) at the C-5
position and a subsequent benzoylation. Compound 6 was prepared by means of
monoalkylation of 5-hydroxytropolone (8) at the C-5 position and subsequent
benzoylation of 5-alkoxytropones (9) with 4-alkylaminobenzoyl chloride. The mea-
surement of the phase transition temperatures was carried out using a differential
scanning calorimeter (DSC) and the mesomorphic phase was observed by a polarizing
microscope equipped with a hot stage. The results are summarized in tables 1 and 2
together with those of 5-alkoxy-2-(4-alkoxybenzoyloxy)tropones 10{1] and those of
the corresponding benzene derivatives, 4-alkoxyphenyl 4-alkylaminobenzoates (11),

which were prepared similarly from hydroquinone.

3. Results and discussion

When the mesophases of 5 and 10 were compared, the latter showed nematic,
smectic A and smectic C phases whereas the former showed a smectic C phase
exclusively when mesogenic. It is noteworthy that the different properties arose only by
changing the heteroatom at the C-5 position of the tropone ring from an oxygen to a
nitrogen atom. Compound 6 showed a smectic C schlieren texture, whereas the
corresponding compound 11 was non-mesogenic. The mesogenic property was
dependent on the core structure, i.. the presence of the tropone carbonyl group is
essential for mesogenicity. It was expected that the tropone C=O group with a
permanent dipole moment stabilizes the smectic phase by increasing the attractive
dispersion force [9] between molecules as has been observed in 2 and the benzene
derivative, 12. The former was mesogenic, but the latter was not [2]. In addition,
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Table 1. Transition temperatures (°C) and enthalpy changes (AH/kJ mol™?), in brackets, of 5

and 10.
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compound 6 have a [1,9] sigmatropic system, which caused them to be mesogenic [1],
while the benzenoid 11 has no such system.

In figure 1 are shown the temperature dependent FT-IR spectra of 5-
(dodecylamino)-2-(4-dodecyloxybenzoyloxy)tropone (5g), which exhibited a mono-
tropic smectic C phase. The large spectral changes were observed in the NH absorption
around 3400cm ™%, in the ester C=0 absorption around 1700-1730cm ™, and in the
tropone C=0 and C=C absorptions around 1500-1600 cm ~ . On the other hand, the
C-H stretching absorption around 2800-3000cm ~* and the C=C absorption of the
benzene ring around 1620cm ™! changed slightly. From these observations, inter-
molecular hydrogen bondings between the NH group and the ester and the tropone
C=0 groups were predicted. The absorption of the NH stretching appeared at
3387cm™! in the crystalline state and that in the liquid-crystalline state at
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Table 2. Transition temperatures (°C) and enthalpy changes (AH/kJ mol ~ '), in brackets, of 6 and 11.
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Figure 1. Variable temperature FT-IR  spectra of  S-(dodecylamino)-2-(4-

dodecyloxybenzoyloxy)tropone (5g). Curve 1 at 100°C; Curve 2 at 95°C; Curve 3 at 90°C;
Curve 4 at 85°C; Curve 5 at 80°C; Curve 6 at 75°C.
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Figure 2. Variable temperature FT-IR spectra of 6d. Cooling process (upper) and heating

process (lower).
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Molecular Arrangement Models Ordered by Intermolecular Hydrogen Bonding

Folded Model Extended Model

Figure 3. Molecular arrangement models for 5.

3287 cm ™ L. The intensities of absorptions around 1500-1550cm ™~ ! were increased in
the liquid-crystalline state with decreasing absorption at 1583 cm ™. These spectral
changes show that intermolecular hydrogen bonding in the liquid-crystalline state is
stronger than that in the crystalline state.

On the other hand, the absorption of the ester C=O group shifted to higher
wavelength in the liquid-crystalline state. This spectral change was different from those
of the NH and tropone C=0 groups. This implies that the interaction between the NH
and ester C=0 groups decreases and that between the NH and tropone C=O groups is
more effective in the liquid-crystalline state. In contrast, the temperature dependent
FT-IR spectra of the corresponding ether derivative (10g), S-(dodecyloxy)-2-(4-
dodecyloxybenzoyloxy)tropone, which exhibited the smectic C phase, did not show a
marked spectral change. The temperature dependent FT-IR spectra of 2-(4-
dodecylaminobenzoyloxy)-S-tetradecyloxytropone (6d) were measured. Raising the
temperature from the crystal to the liquid-crystalline states, it showed an NH
absorption around 3320cm ™!, a tropone C=O absorption at 1578 cm ™!, and a sharp
ester C=0 absorption at 1738 cm 1. The spectrum of the liquid-crystalline state was
almost the same as that of the crystalline state. In the isotropic liquid state, the broad
NH absorption was observed around 3377cm™!, and the ester C=O appeared at
1731cm ™! as a broad absorption band. The tropone C=O absorption at 1578cm ™!
disappeared and coalesced with the C=C absorption at 1609cm ™! to give a broad
band.

Lowering the temperature from the isotropic liquid state to the liquid-crystalline
state, the NH and ester C=O absorptions changed slightly. The tropone C=0O
absorption at 1586cm ! separated from the broad C=C absorption around 105°C,
which is the transition temperature to the liquid-crystalline state. In the crystalline
state, the NH absorption shifted from 3380cm ™! to 3337cm ™!, the ester C=0 from
1730cm™* to 1718 and 1713cm™*, and the tropone C=O appeared at 1584 cm ™.
These spectral changes indicated that the hydrogen bonding between the NH and the
tropone C=0 groups was loosened in the isotropic liquid state, but it was operative in
both the crystalline and the liquid-crystalline states.
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Taking the intermolecular hydrogen bonding into account, two molecular
arrangement models, folded and extended, are expected for 5 as shown in figure 3.
Among them, the extended model explains the appearance of the smectic C phase more
favourably since the molecules are tilted with respect to the layer plane. A similar
molecular model would be expected for 6.

The IR spectra of benzenoid 11 in the crystalline state showed intermolecular
hydrogen bonding between the NH and ester C=0 groups. The hydrogen bonding of 11
acted not only to orientate the molecules but also to raise the melting point above the
mesophase—isotropic liquid transition temperature [3]. In the case of the troponoids,
since the benzoyl group migrated between the tropone C=0 group and the oxygen
atom at the C-1 position in the mesophase [1], the intermolecular hydrogen bonding
was loosened by the [1,9] sigmatropy to avoid raising the melting point above the
mesophase—isotropic liquid transition temperature.

It is known that a molecule with long terminal chains exhibits a smectic phase
[10]. Compounds 5 and 6 with shorter chains are non-mesogenic since the inter-
molecular hydrogen bonding raises the melting point above the mesophase—isotropic
liquid transition temperature. In 5 and 6 with longer chains, the intermolecular
hydrogen bonding aids the appearance of the smectic C phase.

It is noteworthy that the intermolecular hydrogen bonding between the tropone
carbonyl group and the NH group enhanced the appearance of the smectic C phase.
Thus, the tropone carbonyl, which makes the molecular width of troponoids wider, was
significant for mesogenicity to occur and for the exclusive formation of the smectic C
phase.

We are grateful to Ms Chihiro Jin (Nihon Bunko Co. Ltd.) for the measurement of
the temperature dependent FT-IR spectra and Mr Tetsuya Ogawa and Mr Kanetsugu
Terashima (Chisso Petrochemical Co.) for their helpful discussions. This work was
supported by a Grant-in-Aid for Scientific Research on Priority Areas No. 01648519
(H. T.) and Grant-in-Aid for Scientific Research No. 02453025 (A.M.) from the Ministry
of Education, Science and Culture, Japanese Government, to which our thanks are due.

References
[1] Mory, A., UcHIDA, M., and TAKESHITA, H., 1989, Chem. Lett., p. 591. MORI, A., TAKESHITA,
H., Kipa, K., and UcHiDA, M., 1990, J. Am. chem. Soc., 112, 8635. KipA, K., MoR1, A., and
TakesHITA, H., 1991, Molec. Crystals lig. Crystals, 199, 387.
[2] Mory, A, TAYA, H., and TAKESHITA, H., 1991, Chem. Lett., 579.
[3] Gray, G. W., 1962 Molecular Structure and the Properties of Liquid Crystals (Academic
Press), p. 162.
[4] Gray, G. W, and Jongs, B, 1953, J. chem. Soc., p. 4179.
[S] JerrrEy, J. A., 1986, Accts. chem. Res., 19, 168.
[6] Kato, T.,and FRECHET,J. M. J., 1989, J. Am. chem. Soc., 111, 8533. KaTo, T., FUNISHIMA, A.,
and FRECHET, J. M. J,, 1990, Chem. Lett., p. 919. KaTO, T., WILSON, P. G., FUJISHIMA, A,
and FRECHET, J. M. J., 1990, Chem. Lett., p. 2003.
(71 Mori, A, NIMURA, R, and TAKESHITA, H., 1991, Chem. Lett., p. 77.
[8] Mory, A., NIMURA, R, IsoBg, M., and TAKESHITA, H., 1992, Chem. Lett., p. 859.
[9] TakaToH, K., SUNOHARA, K., and SAxaMOTO, M., 1988, Molec. Crystals lig. Crystals, 164,
167.
[10] LuckHurst, G. R., and GRrRAY, G. W, 1979, The Molecular Physics of Liquid Crystals
(Academic Press).



