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Abstract: The synthesis and characterization of new asymmetric bent-core
compounds derived from 2,7-dihydroxynaphthalene with various connecting
groups between the aromatic rings and alkyloxy terminal substituents at the end
of the long arm are presented. Some 1,4-disubstituted phenylene rings with an
azo or ester linkage between them have been used as calamitic pro-mesogen
units. The synthetic strategies to obtain the final esteric derivativesinvolved the
edterification of 7-(benzyloxy)naphthalen-2-ol with 4-((4-(akyloxy)phenyl)-
azo)benzoyl chlorides or with 4-((4-(alkyloxy)benzoyl)oxy)benzoic acidsin the
presence of dicyclohexylcarbodiimide (DCC) and 4-(dimethylamino)pyridine
(DMAP). The mesomorphic properties were assigned by optical polarizing
microscopy and differential scanning calorimetry. All the compounds showed
mesomorphic properties of the enantiotropic or monotropic type, the liquid
crystaline behavior depending on the linking group between the phenylene
rings. Thermogravimetric studies evidenced that all compounds were stable in
the range of the existence of mesophases.

Keywords: liquid crystals; asymmetric bent-core; 2,7-naphthalenediol.

INTRODUCTION

Although classical liquid crystals are widely used in a variety of applica
tions, especialy in displays, significant research has been performed on non-
conventional, bent-core liquid crystals in order to establish structure—property
relationships. The first mention of the existence of mesogenic properties exhi-
bited by non-linear compounds was reported in 1929 by Vorlénder for iso-
phthalic acid derivatives, which showed nematic phases.! The research on bent-
core liquid crystals (BCLC) was taken and further extended by Matsunaga and
co-workers.2-5 The field of bent-core liquid crystals has greatly advanced since
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674 SIMION et al.

1996, when Niori showed that because of limitation of the rotational freedom in
the mesophase, bent-shaped compounds are able to organize into a compact
arrangement and exhibit spontaneous polarization, which leads to ferroelectric
properties.6

The bent-shaped molecular structure is provided for by proper selection of a
central core with an adequate bent angle and by covaent connection of two
mesogenic units to this. The positions used for a bent connection are at 1,3-, 2,6-,
2,7- or 1,3- for benzene, pyridine, naphthalene or biphenyl, respectively. Such
structures induce a bent angle of about 120°. While the mesophases exhibited by
such compounds are similar to those displayed by classical calamitic liquid crys-
tals, some characteristic B phases are usually present in such structures. Thus,
while compounds based on 1,2-disubstituted benzene or 2,3-disubstituted naph-
thalene as the central core provide an angle of about 60° and display only
conventional nematic and smectic phases,24 2,7-disubstituted naphthalenes |ead
to derivatives that exhibit typical banana phases.’-10

The substitution of the central core could be symmetrical or non-sym-
metrical. Compared to symmetrical structures, the non-symmetrical ones induce
alowering of the transition temperatures. Most of the banana-shaped compounds
contain five aromatic rings connected through various linking groups. Increasing
of the number of phenyl rings enhances the core rigidity and tends to increase the
transition temperatures, whereas termina akyl tails induce flexibility (which
lowers the phase transition temperatures) and permits the formation of B phases.

The presence of a 2,7-disubstituted naphthalene unit as the central core in
banana-shaped compounds was first reported in 1999 by Shen et al.11 and Pelzl
et al.12 While the compounds reported by Shen et al. did not show mesomorphic
properties, those reported by Pelzl et al. showed a B4 phase. Further studies on
such compounds focused on the introduction of azomethine linking groups,
which exhibited smectic13-15 or nematic and B phases.16-18

In this paper, the synthesis, structural characterization and mesomorphic
properties of two new classes of liquid crystalline compounds based on a non-
symmetrical 2,7-disubstituted naphthalene core and containing esteric or azo
linking groups in the pro-mesogenic moiety are reported.

EXPERIMENTAL

Materials, instruments and methods

Benzyl chloride, 2,7-dihydroxynaphthalene (Aldrich), potassium iodide, potassium car-
bonate (Fluka), tetrabutylammonium hydrogensulfate (TBAHS) (Aldrich), 1,3-dicyclohexyl-
carbodiimide (DCC) (Fluka), 4-(dimethylamino)pyridine (DMAP) (Fluka) and silica gel-60
(Merck) were used as received. Acetone and dichloromethane were refluxed over phosphorus

pentaoxide (Merck) and distilled before use. Other solvents and chemicals were used without
further purification. 7-(Benzyloxy)naphthalen-2-ol (1),19 4-((4-(alkyloxy)benzoyl)oxy)benzoic
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acids (3a—€),20 4-((4-(alkyloxy)phenyl)azo)benzoic acids?? and 4-((4-alkyl)oxyphenyl)azo)-
benzoy! chlorides (2a—€)22 were synthesized according to literature procedures.

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance DRX
400 MHz spectrometer. Chemical shifts are reported in ppm relative to tetramethylsilane
(TMS) as interna standard. The mass spectra were recorded on a quadrupole-time of flight
mass spectrometer equipped with an electrospray ion source (Agilent 6520 Accurate Mass
Q-ToF LC/MS). FT-IR spectra were recorded on a Nicolet Magna 550 FT-IR spectrometer
(NaCl crystal window).

The transition temperatures were determined using a Linkam heating stage connected
with a Linksys 32 temperature control unit in conjunction with an Axioscop 40 Zeiss
polarizing optical microscope (POM) and Qimaging/Retiga-1000R camera for image capture.
The transitions were confirmed by DSC analysis (Mettler Toledo DSC1). Heating and cooling
cycles were run at rates of 10 °C min'l under a nitrogen atmosphere. The samples were
measured in closed lid aluminum pans. Mesophase type was assigned by visual comparison
(under the microscope) with known phase standards.?3

All the thermal analysis were run under the same conditions, on 2.8 — 4.3 mg samples, on
a Mettler-Toledo TGA SDTA851 derivatograph under a dynamic N, atmosphere, with a flow
rate of 20 ml min'! and a heating rate of 10 °C min'l from 25 to 900 °C. In order to obtain
comparable data, constant operational parameters were employed for all samples.

The melting points were recorded using a melting point meter Kriiss Optotronic KSPI-N
and are uncorrected.

General method for the preparation of 7-(benzyloxy)naphthal en-2-yl 4-((4-(alkyloxy)phenyl)-
diazenyl)benzoates (4a—€)

Compounds 4a—e were prepared by adapting a literature method.2* A mixture of
7-(benzyloxy)naphthalen-2-ol (0.20 g, 0.799 mmol), 4-((4-(alkyl)oxyphenyl)azo)benzoyl
chloride (0.877 mmoal), potassium carbonate (0.14 g, 1.00 mmol), tetrabutylammonium hydro-
gensulfate (0.006 g, 0.017 mmol) in dichloromethane (150 mL) and water (40 mL) was
vigoroudly stirred for 24 h at room temperature. The organic layer was separated, washed
severa times with distilled water, dried over anhydrous magnesium sulfate and concentrated
on rotaevaporator. The compounds were separated by column chromatography on silica gel
using a mixture of dichloromethane:hexane 20:1 as eluent. Orange products were obtained.

The following compounds were synthesized: 7-(benzyloxy)naphthalen-2-yl 4-((4-(hexyl-
oxy)phenyl)diazenyl)benzoate (4a) using 4-((4-(hexyloxy)phenyl)azo)benzoyl chloride 0.302
g (0.877 mmol); 7-(benzyloxy)naphtha en-2-yl-4-((4-(heptyloxy)phenyl)diazenyl)benzoate
(4b) using 4-((4-(heptyloxy)phenyl)azo)benzoyl chloride 0.315 g (0.879 mmoal); 7-(benzyl-
oxy)naphthalen-2-yl 4-((4-(octyloxy)phenyl)diazenyl)benzoate (4c) using 4-((4-(octyloxy)-
phenyl)azo)benzoyl chloride 0.327 g (0.878 mmol); 7-(benzyloxy)naphthalen-2-yl 4-((4-(non-
yloxy)phenyl)diazenyl)benzoate (4d) using 4-((4-(nonyloxy)phenyl)azo)benzoyl chloride
0.339 g (0.877 mmoal); 7-(benzyloxy)naphthalen-2-yl 4-((4-(decyloxy)phenyl)diazenyl)-
benzoate (4€) using 4-((4-(decyloxy)phenyl)azo) benzoy! chloride, 0.352 g (0.879 mmoal).

The physical and spectral data for 4a—e are given in the Supplementary materia to this

paper.

General method for the preparation of 7-(benzyloxy)naphthalen-2-yl 4-((4-(alkyloxy)benzoyl)-
oxy)benzoates (5a—€)

Compounds were prepared by adapting literature data?> A mixture of 1 equivalent of
7-(benzyloxy)naphthalen-2-ol (0.20 g, 0.799 mmol), 1.1 equivalents of 4-((4-(alkyloxy)ben-
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zoyl)oxy)benzoic acid and 0.2 equivalents of DMAP (0.019, g 0.155 mmol), dissolved in dry
dichloromethane (50 mL), was stirred for 15-20 min at room temperature, cooled to 0 °C on
an ice bath and then 1.2 equivaents of DCC (0.197 g, 0.954 mmol), dissolved in dry
dichloromethane (50 mL), were added dropwise. After 30 min, the ice bath was removed and
the reaction mixture was stirred for 48 h at room temperature after which the precipitated
N,N'-dicyclohexylurea (DCU) was filtered off. The solvent was evaporated under vacuum and
the solid residue was chromatographed on silica gel using a 20:1 mixture of dichloro-
methane:ethyl acetate as the eluent. White products were obtained.

The following compounds were synthesized: 7-(benzyloxy)naphthalen-2-yl 4-((4-(hexyl-
oxy)benzoyl)oxy)benzoate (5a) using 4-((4-(hexyloxy)benzoyl)oxy)benzoic acid (0.300 g,
0.876 mmol); 7-(benzyloxy)naphthalen-2-yl 4-((4-(heptyloxy)benzoyl)oxy)benzoate (5b)
using 4-((4-(heptyloxy)benzoyl)oxy)benzoic acid 0.313 g (0.878 mmol); 7-(benzyloxy)-
naphthalen-2-yl 4-((4-(octyloxy)benzoyl)oxy)benzoate (5c) using 4-((4-(octyloxy)benzoyl)-
oxy)benzoic acid 0.325 g (0.877 mmol); 7-(benzyloxy)naphthalen-2-yl 4-((4-(nonyloxy)-
benzoyl)oxy)benzoate (5d) using 4-((4-(nonyloxy)benzoyl)oxy)benzoic acid 0.339 g (0.877
mmol); 7-(benzyloxy)naphthalen-2-yl 4-((4-(decyloxy)benzoyl)oxy)benzoate (5€) 4-((4-(dec-
yloxy)benzoyl)oxy)benzoic acid 0.350 g (0.878 mmol).

The physical and spectra data for 5a—e are given in the Supplementary material to this

paper.
RESULTS AND DISCUSSION

The synthetic approach used to prepare the intermediate and final com-
pounds is outlined in Scheme 1. The short arm compound (1) was prepared by
akylation of 2,7-dihydroxynaphthalene with benzy! chloride.1® Depending of the
chemical structure, the longer arm was coupled to the remaining hydroxyl group
of the central mono-alkylated naphthal ene core by two methods, which gave two
series of fina compounds. The first series used 4-((4-(alkyloxy)phenyl)azo)-
benzoy! chlorides 2a—e in the presence of potassium carbonate as base and
TBAHS as phase transfer catalyst to give the target compounds 4a—e. The second
one coupled 4-((4-(alkyloxy)phenyl)azo)benzoic acids 3a—e using DCC and
DMAP to achieve the final compounds 5a—.

All the obtained compounds were purified by column chromatography using
dichloromethane:hexane 20:1 (for series 4a—e) or dichloromethane:ethyl acetate
20:1 (for series 5a—e) as eluents. The yields were similar for both series (between
61-79 %). The structure and purity of the obtained final compounds were
checked and confirmed by TH-NMR, 13C-NMR, FT-IR and mass spectrometry
(data given in the Supplementary materia to this paper).

Thermogravimetric studies performed for both the 4a—e and 5a—e series
evidenced very good thermal stability for al the investigated compounds, the
Tonsat Values (temperatures at which the degradation processes begin) being at
least 155 °C higher than the isotropization temperatures (the Tonset Values are
givenin Tables| and II).

The phase transition temperatures and phase transition enthalpy changes
were determined by differential scanning calorimetry (Tables| and I1).
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Cl
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Scheme 1. Synthesis of bent-core liquid crystalline compounds; 4a—e, X = -N=N—, Z = -Cl,
n=6-10, ag. K,COs3, TBAHS, CH,Cl,, 24 h, RT; 5a—, X =-0CO—, Z = —0H, n = 6-10,
DCC, DMAP, CH,Cl,, 48 h, RT.

The first compound of the series 4, compound 4a, exhibited monotropic
behavior, visble under polarized light between 126-95 °C. The transition
isotropic liquid-iquid crystal was a very slow process and difficult to identify on
the DSC curve; nevertheless, it was identified from POM observations at about
126 °C (similar behaviors were evidenced in the case of the other compounds of
series 4 and 5, Tables | and II). The microscopic analyses highlighted an int-
eresting unidentified B type texture at 110 °C during the first cooling (Fig. 1a),
which did not appear on the second cooling curve when only a classical B type
texture was evidenced (Fig. 1b). The mesophase was stable in a temperature
domain of 31 °C; the crystallization process started at 95 °C and the process was
completed at 91 °C after acrystalline/crystalline transition.
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TABLE I. Transition temperatures and associated enthalpy values of compounds 4a—; Cr,
crystalling; LC, liquid crystal; 1, isotropic; MI, mesophase interval; to,e, the initial temperature &t
which the degradation processes begin

t/°C[AH/JgY
Cmpd. Heating Cooling tﬁ’,’ge‘
Cry Cr/LC LC/Il MI/°C I/ILC LCICrz Crg/Cr, Cry/Cry MI/°C
4a - - 155 - 1262 95 91 - 31 308
[-87.60] [38.07] [1.55]
4b - — 143 - 118 100 - - 18 315
[=77.24] [0.51] [79.23]
4c 107 120 150 30 1292 118 82 - 11 316
[-3.37] [-14.06] [-26.94] [0.32] [37.52]
4d - 110 137 27 1282 92 87 83 36 314
[-6.15] [43.12] [34.32] [84.54] [78.30]
4e - 113 148 35 1232 89 85 - 34 319
[-30.04] [-72.59] [36.63] [0.34]
@Data obtained from POM

TABLE II. Transition temperatures (°C) and associated enthalpy values (J g'1) of compounds

Sa—e
t/°C[AH /I
Cmod Heating Cooling tonset
MPA™"Cr,  CrILC  LCIL MI/°C  IILC LCICrz CryCr, CrjCr; MI/°C °C
5a — 122 144 22 109 8 - _ 25 336
[-27.81] [-63.03] [0.44] [62.79]
5b 109 116 129 13 104 75 - - 29 324
[-6.74] [-11.02] [-37.22] [0.48] [56.08]
5¢ - 1272 148 21 107 83 - - 24 331
[-83.93] [056] [70.12]
5d - - 146 - 108 87 80 - 28 334
[-84.80] [073] [0.66] [66.91]
5e - - 136 - 108 90 68 59 49 318
[-76.63] [058] [0.72] [5.62] [28.16]
3Data obtained from POM
@ (b) (© (d)

Fig. 1. Microphotographs of the mesophase textures: a) compound 4a, first cooling, 110 °C;
b) compound 4a, second cooling, 126 °C; c¢) compound 4b, first cooling, 107 °C;
d) compound 4c, first heating, 142 °C.
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The increasing of the number of carbon atoms in the alkyloxy tail from 6
(compound 4a) to 7 (compound 4b) lowered the isotropization temperature and
the domain of the mesophase stability. The mesophase changed into a nematic
type with characteristic Schlieren texture (Fig. 1¢). The mesomorphic properties
switched significantly for compound 4c, which exhibited an enantiotropic liquid
crystalline behavior. A nematic phase was stable for 30 °C on hesating (Fig. 1d).
However, the stability of the mesophase on cooling decreased when compared
with the first two compounds.

The enantiotropic behavior was maintained for the next two compounds of
the series, 4d and 4e, and the stability of mesophases on heating increased gradu-
aly, compound 4e showing the broadest domain of about 35 °C. On cooling,
compound 4d showed liquid crystalline properties in a 36 °C temperature
domain, plus a rich polymorphism during the crystallization, evidenced on the
DSC curves (Fig. 2). The microscopic analysis for these compounds evidenced
mesophases of nematic and B types (Fig. 3aand b).

92

47 83 87

Heat flow, Is'1.107
(=]

110 1

137
a 30 100 150 200 250
t/ec
Fig. 2. DSC curves for compound 4d: 1 —first heating, 2 —first cooling.

The first compound of the second series, 5a, exhibited an enantiotropic
behavior, with characteristic Schlieren nematic textures both on the heating and
cooling cycles (Fig. 3c). The mesophase appeared late under the visual field of
the microscope, the sample being extremely sensitive to any touch when it
crystalized. A similar behavior was observed for compound 5b, the isotro-
pization point of which was lower than that of 5a (Table I1). On heating, the
mesophase was of B type, while on cooling the ordering began with Schlieren
nematic textures that changed into a smectic one at 87 °C (Fig. 3d).

The same behavior of the mesophase was evidenced for compound 5¢ on
heating. On heating, atransition crystalline to a B type mesophase was identified
from POM observations at about 127 °C (Fig. 4a). On cooling, the mesophase

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCs. All rights reserved.



680 SIMION et al.

was of nematic type with Schlieren texture that turned into a ribbon type one
(Fig. 4b) near the crystallization temperature.

@ (b) (© (d)
Fig. 3. Microphotographs of the mesophase textures: a) compound 4d, fourth cooling, 126 °C;
b) compound 4e, second cooling, 122 °C; ¢) compound 5a, first cooling, 96 °C; d) compound
5b, second cooling, 85 °C.

@ (b) (©
Fig. 4. Microphotographs of the textures: a) compound 5c, second heating, 133 °C;
b) compound 5c, second cooling, 95 °C; ¢) compound 5d, first cooling, 91 °C.

The last two compounds of the series, 5d and 5e, changed the mesomorphic
behavior and showed liquid crystalline properties only on cooling (Fig. 4c), with
several crystalline to crystalline transitions evidenced on the DSC curves (Fig. 5).

10 80

5 | 87 108

Heat flow, Js1103

iR
=

-15

146
o 50 100 150 200 250

t/oc
Fig. 5. DSC curves for compound 5d: 1 —first heating, 2 — first cooling.
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With only one exception (compound 4d), there were significant differences
between the isotropization temperatures and the temperatures at which the
compounds entered into mesophase on cooling (between 21 and 41 °C, 9 °C for
compound 4d, Fig. 6).

150 4

130 - \/\ |
\/—

o

120 4

Fig 6. Comparison between the iso-
tropization temperatures and LC tem-
peratures (temperatures at which the

110 A

100 compounds are entering into meso-
4a 4b 4c 4d 4e 5a 5hb S5c¢ S5d Se phase on cooling): 1 — LC tempera-
Compounds tures; 2 — isotropization temperatures.

For series 4a—e, an even/odd effect related to the number of carbon atomsin
the tail may be evidenced (Fig. 6). In the same time, the differences between the
isotropization temperatures and the LC temperatures on cooling for series Sa—e
were 14-22 °C higher then those for series 4a—e.

CONCLUSIONS

Two new series of asymmetrical bent-core liquid crystalline compounds
based on a 2,7-dihydroxynaphthalene core were synthesized and characterized.
All compounds contained a benzyloxy non-mesogenic shorter flexible arm and a
pro-mesogenic arm containing two benzenic rings connected by azo or ester
linking groups. All the investigated compounds exhibited liquid crystaline
properties, mainly of the enantiotropic type, as evidenced by optical polarizing
microscopy and differential scanning calorimetry. Despite the absence of a long
flexible tail in the shorter arm, the isotropization temperatures were relatively
low (between 129 and 155 °C). There were no significant differences related to
the transition temperatures and the stabilities of the mesophases as a function of
the nature of the linking groups between the aromatic rings. The investigated
compounds showed nematic and B type mesophases.

Thermogravimetric studies evidenced that all compounds were stable in the
range of the existence of mesophases, the degradation processes beginning at
temperatures more than 155 °C higher than the i sotropization temperatures.
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SUPPLEMENTARY MATERIAL

Physical and spectral data for the prepared compounds are available electronically from
http://www.shd.org.rs/JSCS/, or from the corresponding author on request.

U3BOJ
ACHUMETPUYHA JEIUILEDHA TEUHUX KPUCTAJIA Y OBJIMKY BAHAHE U3BEJJEHA U3
2,7-TUXUOIPOKCUHA®TAJIEHA

AUREL SIMION', COSMIN-CONSTANTIN HUZUM', IRINA CARLESCU", GABRIELA LISA', MIHAELA BALAN®
1 DAN SCUTARU'"

I, aculty of Chemical Engineering and Environmental Protection, Gheorghe Asachi Technical University of
Iasi, 71 D. Mangeron St., 700050 — Iasi, Romania u Zpetru Poni Institute of Macromolecular Chemistry,
Aleea Grigore Ghica Voda 41A, 700487-1asi, Romania

Y oBOM papmy ImpefcTaB/beHA je CHHTE3a M KapaKTepH3alHja HOBUX aCUMETPUYHHUX jefn-
Hheha CaBUjeHOr je3rpa U3BeINeHHX U3 2,7-IUXUIpPOKCHHadTaNeHa ca Pa3THYUTHM BE3HBHUM
rpynaMa usmel)y apOMaTHUHHMX IPCTEHOBA M QJIKWIOKCH TEPMHHAIHHX CYIICTHTyeHaTa Ha
Kpajy myre pyke. Kao kanaMHTH4He ITpome3oreHe jenuHulle KopuurheHu cy Heku of 1,4-mu-
CYNCTUTYUCAaHUX (EHWIEHCKUX IPCTEHOBA II0BE3aHMX IPEKO a30 MM eCcTapCKuUX Besa.
Crparervja CHHTE3€ KpajibUX €CTapCKUX MPOM3BOZA CafprKaBaia je ectepuduxauujy 7-(den-
3unokcu)Hadranen-2-ona ynorpedom 4-((4-ankunoxcu)deHnn)a3o)deH30WI-XI0pUta HiIn
4-((4-(ankunokcu)de3onn)okcru)deH30eBe KHUCETHHE Yy MPHUCYCTBY ITUIIMKIOXEKCUIKApOOIU-
umugna (DCCI) u 4-(mumetmnamuHo)nupunuHa (DMAP). Me3omopdHa cBojcTBa ompehene cy
OIITUYKOM II0/IapU3aLIHOHOM MHKPOCKONHjOM U JudepeHIHjaTHoM cKkeHHpajyhoM Kamopu-
meTpujoM. CBa jenumema M0Ka3yjy Me3oMopdHe 0COOMHE eHaHTHOTPOIHOT U MOHOTPOIHOT
THIIA, [IOHAllake TeYHUX KPUCTasa 3aBUCH Of Ipyna Koje 1oBe3yjy dheHUIeHCKe MPCTEHOBE.
TepmorpaBUMeTpHUjCKa UCTpaXkHMBawma Cy IOKasajla fa Cy CBa jeNUmema CTabUIHa y OICery
nmocrojawka Mesodasa.

(ITpumsseno 25. jyna, pesuaupano 16. nenemdpa, npuxsaheno 23. nenembdbpa 2014)
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