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properties
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University Halle-Wittenberg, Kurt-Mothes Str. 2, Halle D-06120, Germany

( Received 13 July 2008; final form 26 September 2008)

Three banana-shaped monomers, i.e. 2,7-naphthalene bis[4-(4-allyloxyphenylazo)-benzoate], 2,7-naphthalene bis
[4-(4-allyloxy-3-fluorophenylazo)benzoate] and 2,7-naphthalene bis{4-[4-(10-undecenyloxy)phenylazo]benzoate},
containing azobenzene as side arms, 2,7-dihydroxynaphthalene as central units and terminal double bonds as
polymerisable functional groups, were synthesised and their mesophase behaviour investigated. Polarizing optical
microscopy and DSC measurements reveal that all compounds exhibit nematic mesophases. The absorption
spectrum of the trans-azobenzene groups displays a high-intensity n—n* transition at about 365nm and a low-
intensity n—=* transition at around 450 nm for all compounds. Hence, photochromism can be achieved by the
introduction of the azo linkage to banana-shaped liquid crystals molecules.

Keywords: naphthalene; bent-shaped monomer; azobenzene; cis-trans isomer; photochromism

1. Introduction

A number of phenomena, such as ferro- and anti-
ferroelectricity and chirality, have been found in the
thermotropic liquid crystalline phases of bent-core
(banana-shaped) molecules (/—4). Although the major-
ity of bent-core molecules displays polar smectic (SmCp
and SmAp) phases and modulated smectic phases
(columnar phases, Bl-type phases), a number of
banana-shaped compounds are also known to exhibit
nematic phases (5—/0). Symmetry considerations have
revealed that bow-shaped molecules can exhibit a
number of distinct states of nematic ordering, including
biaxial nematic phases (/7). Compared to the numerous
bent-core compounds with a resorcinol unit as central
core only a limited number of compounds containing
2,7-dihydroxynaphthalene as the central core have been
synthesised. The first bent-core compounds based on
2,7-dihydroxynaphthalene were synthesised by Shen
et al. (5), but these compound were high-melting solids
without mesomorphic properties. Simultaneously, Pelzl
et al. (12) reported ester-type bent-core molecules
derived from 2,7-dihydroxynaphthalene having B1-type
columnar phases. Several banana-shaped compounds
derived from the 2,7-dihydroxynaphthalene central
core with Schiff base units exhibit polar smectic
(SmCp,p) mesophases (/3—15). Reddy and Sadashiva
(16, 17) reported homologous series of compounds
derived from 2,7-dihydroxynaphthalene and the major-
ity of these compounds exhibit different types of
columnar phases (Col,, Col,) as well as polar smectic
phases, and some of the compounds also have nematic

phases. The nematic phases are formed by the lower
homologues, and in several cases columnar phases were
observed below these nematic phases. Svoboda et al.
(18) reported 2,7-dihydroxynaphthalene-based bent-
core molecules with Schiff base units, which exhibit
different types of mesophases, among them polar
smectic and B4-type phases.

A number of bent-core molecules containing an
azo linkage have been reported (/9). The -N=N-
linkage in such molecules introduces the possibility of
photochromism and photoisomerisation (/9). In
addition, polymerisation of appropriate bent-core
liquid crystals has received significant attention in
recent years (20-22). Bent-core liquid crystalline
monomers with double bonds at both ends have
been reported and used for polymerisation to give
main-chain liquid crystal polymers (22-26), among
which two materials that exhibited a monotropic
SmCp phase (24, 26, 27) and others that form nematic
and smectic C phases. Polyacrylates derived from
monomeric banana liquid crystals were also reported
to give crosslinked liquid crystal polymers (23).
Achten et al (28) reported two series of non-
symmetric banana-shaped compounds, combining
alkyl and alkenyl terminal groups. Such vinyl-
terminated compounds were used for incorporation
as side chains in oligomeric or polymeric systems (29)
and for the synthesis of polysiloxane-based liquid
crystals with a bent-core mesogenic unit (27).

In this study, banana-shaped compounds that
consist of a naphthalene ring in the core and two
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azobenzene based aromatic wing groups were com-
bined with terminal chains having double bonds. In
addition, we have studied the influence of fluorine
substitution (30) at the periphery.

2. Experimental
Materials

Sodium nitrite (BDH), ethyl 4-aminobenzoate (Fluka),
urea (BDH), phenol (Merck), 2-fluorophenol (Fluka),
potassium carbonate (Fluka), allyl bromide ((Fluka), 11-
bromo-1-undecene (Aldrich), 2,7-dihydroxynaphthalene
(Aldrich), 1,3-dicyclohexylcarbodiimide (DCC, Fluka)
and 4-(dimethylamino) pyridine (DMAP, Fluka) and
silica gel-60 (Merck) were used as received. Acetone
was refluxed over phosphorus pentaoxide (Merck) and
dichloromethane was refluxed over calcium hydride
and both were distilled before use. Other solvents and
chemicals were used without further purification.

Ethyl 4-(4-hydroxyphenylazo )benzoate (1a).

Compound 1a was prepared following the reported
procedure (37) from ethyl 4-aminobenzoate (10.0 g,
0.061 mol), conc. hydrochloric acid (22 ml), sodium
nitrite  (5.52g, 0.080mol) and phenol (5.69¢g,
0.061mol) in an acetone/water mixture. Yield:
10.1g (62%) as red crystals; m.p. 160°C. IR (KBr,
Vmax, €M 1): 3321 (OH), 1728 (C=0, ester), 1602,
1484 (C=C, aromatic), 1248, 1140 (C-O), 829 (C-H).
'"H NMR (acetone-dg): 6 8.18 (d, 2H, J=8.2 Hz), 7.92
(d, 2H, J=6.9 Hz), 7.89 (d, 2H, J=7.9Hz), 7.01 (d,
2H, J=8.8Hz), 5.54 (s, 1H, OH), 441 (q, 2H,
J=6.8Hz, —CH,CH;), 144 (3H, —-CH,CH;). *C
NMR (CDCly): ¢ 14.41, 61.40, 116.01, 122.43,
125.50, 130.64, 131.61, 147.16, 155.36, 159.18, 166.39.
Elemental analysis: calculated for C;sH4N,O;
(270.2832), C 66.69, H 5.22, N 10.36%; found, C
66.56, H 5.26, N 10.27%.

Ethyl 4-(4-hydroxy-3-fluorophenylazo )benzoate (1b).

Prepared as described for la from 2-fluorophenol.
Yield: 10.8 g (61 %), bright red crystals, m.p. 155°C. IR
(KBI, Viax, cm ™ '): 3335 (OH), 1728 (vC=0, ester),
1604, 1467 (C=C, aromatic), 1245, 1142 (C-0), 832
(C-H). "H NMR (acetone-de) 6 8.18 (d, 2H, J=8.2 Hz),
7.93 (d, 2H, J=6.8 Hz), 7.91 (d, 2H, J=7.8 Hz), 7.00 (t,
1H, J=8.9Hz),4.38(q, 2H, J=6.8 Hz, -CH,CHj3), 1.42
(3H, -CH,CH;). '*C NMR (CDCly): § 14.41, 62.05,
117.01, 122.43, 124.50, 130.64, 131.06, 147.15, 155.48,
159.89, 165.86. Elemental analysis: calculated for

C,sH5FN,O; (288.2737), C 62.49, H 4.54, N 9.71%;
found, C 62.46, H 4.38, N 9.66%.

Ethyl 4-(4-allyloxyphenylazo )benzoate (2a).

Compound 1a (2.0 g, 7.4 mmol) was dissolved in dry
acetone (60ml); allyl bromide (1.1g, 9.0 mmol),
potassium carbonate (1.24 g, 9.0 mmol) and a cataly-
tic amount of potassium iodide (20 mg) were added
and the mixture was refluxed for 24 h under argon
atmosphere. Afterwards, it was poured into ice-cold
water and acidified with dilute hydrochloric acid
(pH<S5). The precipitate was filtered off and was
crystallised from methanol/chloroform (10:2). Yield
of 2a: 1.44¢g (63%), m.p. 101°C. IR (KBr, vipax,
ecm™1): 3077 (=CH,), 2925 (CH,), 2860 (CH,), 1728
(C=0, ester), 1642 (C=C, vinyl), 1599, 1497 (C=C,
aromatic), 1242, 1139, 1060 (C-0), 824 (C-H). 'H
NMR (CDCly): 0 8.18 (d, 2H, J=8.2 Hz), 7.93 (d, 2H,
J=6.8Hz), 791 (d, 2H, J=6.8Hz), 7.01 (d, 2H,
J=6.8Hz), 6.04 (m, 1H, CH=), 546 (d, 1H,
J=16.8Hz, =CH,), 5.34 (d, 1H, J=10.2Hz, =CH,),
460 (d, 2H, J=48Hz, OCH,-), 4.38 (q, 2H,
OCH-CH;), 142 (t, 3H, —-CH,CH;). '3C NMR
(CDCly): 6 14.43, 61.24, 69.15, 115.13, 118.24, 122.41,
125.22, 130.62, 131.66, 132.70, 147.15, 155.39, 161.71,
166.23. Elemental analysis: calculated for C;gHgN,O3
(310.3471), C 69.66, H 5.84, N 9.02%; found, C 69.58,
H 5.76, N 9.11%.

Ethyl 4-(4-allyloxy-3-fluorophenylazo )benzoate (2b).

Compound 2b was prepared by the same method as
used for synthesis of 2a from compound 1b. Yield:
1.55g (71 %), m.p. 95°C. IR (KBr, vimax, cm ™~ '): 3074
(=CH,), 2925 (CH,), 2860 (CH>), 1724 (C=0, ester),
1642 (C=C, vinyl), 1598, 1496 (C=C, aromatic),
1248, 1132, 1060 (C-O), 828 (C-H). 'H NMR
(CDCl3): 6 8.17 (d, 2H, J=8.2Hz), 7.94 (d, 2H,
J=6.9Hz), 791 (d, 2H, J=6.8Hz), 7.01 (t, 1H,
J=89Hz), 604 (m, 1H, CH=), 544 (d, 1H,
J=16.8Hz, =CH,), 5.33 (d, 1H, J=10.2 Hz, =CH,),
462 (d, 2H, J=43Hz, OCH,), 436 (q, 2H,
OCH,CH;), 142 (t, 3H, —-CH,CH;). 3C NMR
(CDCl3): 6 14.43, 62.27, 69.15, 115.13, 118.24, 122.41,
125.22, 130.62, 131.65, 132.70, 147.15, 155.39, 161.71,
165.93. Elemental analysis: calculated for C;gH;7FN,O3
(328.3375), C 65.84, H 5.21, N 8.53%; found, C 65.68, H
5.28, N 8.42%.

Ethyl 4-[4-(10-undecenyloxy)phenylazo ]benzoate
(2¢).

Compound 2¢ was prepared by the same method
used for synthesis of 2a with 11-bromo-1-undecene as
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alkylation reagent. Yield: 2.11 g (68 %), m.p. 87°C. IR
(KBr, Viax, cm ™ 1): 3070 (=CH,), 2923 (CH.,), 2858
(CH,), 1712 (vC=0, ester), 1651 (C=C, vinyl), 1606,
1504 (C=C, aromatic), 1260, 1140, 1015 (C-0O), 832
(C-H). "H NMR (CDCl;): § 8.18 (d, 2H, J=8.2 Hz),
7.93 (d, 2H, J=6.9Hz), 7.90 (d, 2H, J=7.9 Hz), 7.02
(d, 2H, J=8.8 Hz), 6.03 (m, 1H, CH=), 5.42 (d, 1H,
J=16.8 Hz, =CH;), 5.09 (d, 1H, J=9.6 Hz, =CH,),
439 (t, 2H, J=6.7Hz, OCH,-), 4.08 (q, 2H,
OCH,CH3), 2.18 (m, 4H, -CH,-), 1.85 (m, 4H,
—CH,-), 1.47 (m, 4H, -CH,-), 1.36 (m, 4H, -CH,-),
1.43 (t, 3H, -CH,CHj;). '*C NMR (CDCls): 6 14.43,
20.44, 25.56 26.68, 29.68, 29.88, 30.15, 30.31, 32.99,
62.22, 69.18, 116.23, 118.24, 122.88, 125.32, 130.68,
131.67, 132.79, 147.25, 155.38, 161.77, 165.23.
Elemental analysis: calculated for CysH34N>O;
(422.5597), C 73.90, H 8.10, N 6.62%; found, C
73.85, H 8.18, N 6.52%.

4-(4-Allyloxyphenylazo )benzoic acid (3a).

Compound 2a (1.30g, 4.19 mmol) was dissolved in
140 ml of methanol. A solution of potassium hydroxide
(0.94 g, 16.76 mmol) in water (10 ml) was added and the
solution was refluxed for 4 h. The mixture was poured
into ice-cold water (200ml) and the precipitate was
acidified with conc. hydrochloric acid (10ml). The
precipitate was filtered off, washed with water and
crystallised from ethanol/chloroform (2:1) to give
compound 3a. Yield: 0.45g (38%), m.p. 221°C. IR
(KBT, Vmax, cm ™ 1): 3072 (=CH,), 2922 (CH,), 2864
(CHy), 1684 (C=0, acid), 1644 (C=C, vinyl), 1597,
1496 (C=C, aromatic), 1249, 1136, 1064 (C-0), 829 (C-
H). "H NMR (CDCl5): 6 8.18 (d, 2H, J=8.2Hz), 7.94
(d, 2H, J=7.1Hz), 7.93 (d, 2H, J=6.7 Hz), 7.05 (d, 2H,
J=8.9Hz), 6.04 (m, 1H, CH=), 5.45 (d, 1H, J=16.6 Hz,
=CH,), 5.31 (d, 1H, J=10.2 Hz, =CH,), 4.60 (d, 2H,
J=4.1Hz, OCH,-). C NMR (CDCL): & 69.13,
115.18, 118.25, 122.41, 125.24, 130.64, 131.66, 132.73,
147.23, 155.38, 161.69, 166.98. Elemental analysis:
calculated for C;¢H;4N,O3 (282.2939), C 68.07, H
4.99, N 9.92%; found, C 68.01, H 4.84, N 9.88%.

4-(4-Allyloxy-3-fluorophenylazo ) benzoic acid (3b).

The hydrolysis of 2b was carried out according to the
method described for 3a. Yield of 3b: 0.47 g (40 %),
m.p. 205°C. IR (KBr, vmax, cm_l): 3074 (=CH,),
2935 (CH,), 2866 (CH,), 1694 (vC=0, acid), 1651
(C=C, vinyl), 1602, 1504 (C=C, aromatic), 1268,
1142, 1015 (C-0), 836 (C-H). '"H NMR (CDCls): §
8.16 (d, 2H, J=8.2Hz), 7.95 (d, 2H, J=6.9 Hz), 7.93
(d, 2H, J=6.8Hz), 7.01 (t, 1H, J=8.8 Hz), 6.02 (m,
1H, CH=), 541 (d, 1H, J=17.2 Hz, =CH,), 5.31 (d,
1H, J=10.2 Hz, =CH,), 4.61 (q, 2H, J=4.8Hz,
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OCH,). '3C NMR (CDCly); & 69.18, 115.22,
118.28, 122.53, 125.32, 130.66, 131.59, 132.73,
147.23, 155.28, 161.66, 167.91. Elemental analysis:
calculated for C;sH13FN>O3 (300.2844), C 68.99, H
4.36, N 9.32%; found, C 68.88, H 4.44, N 9.24%.

4-[4-(10-Undecenyloxy)phenylazo Jbenzoic acid (3c).

The compound was prepared by hydrolysis of 2¢
according to the method used for 3a. Yield of 3c:
0.37 g (48%), m.p. 187°C. IR (KBr, vipax, cmfl): 3066
(=CH,), 2923 (CH,), 2850 (CH,), 1684 (C=0, acid),
1640 (C=C, vinyl), 1594, 1496 (C=C, aromatic),
1268, 1133, 1023 (C-O), 836 (C-H). 'H NMR
(CDCl3): ¢ 8.16 (d, 2H, J=8.2Hz), 7.96 (d, 2H,
J=69Hz), 793 (d, 2H, J=6.8Hz), 7.01 (d, 2H,
J=8.6Hz), 6.04 (m, 1H, CH=), 541 (d, 1H,
J=16.8 Hz, =CH;), 5.08 (d, 1H, J=9.6 Hz, =CH,),
4.38 (d, 2H, J=6.7Hz, OCH,-), 2.15 (m, 4H, -CH»-
), 1.83 (m, 4H, -CH»-), 1.48 (m, 4H, -CH»-), 1.37 (m,
4H, —-CH,-). *C NMR (CDCl3): § 20.50, 25.86,
26.12, 29.67. 29.65, 30.34, 30.32, 32.79, 69.88, 115.66,
118.34, 122.78, 125.33, 130.68, 131.69, 132.89, 147.27,
155.48, 161.78, 167.73. Elemental analysis: calculated
for CgH14N,O3 (282.2939), C 73.06, H 7.66, N
7.10%; found, C 72.96, H 7.74, N 7.18%.

2,7-Naphthalene bis[4-(4-allyloxyphenylazo)benzoate ]
(4a).

Compound 3a (0.35g, 1.24mmol) was dissolved in
40ml of dry dichloromethane. DMAP (0.015g,
0.11 mmol) was added and the mixture was stirred
for 30min. Then 2,7-dihydroxynaphthalene (0.10g,
0.062 mmol), dissolved in dry dichloromethane (10 ml)
and DCC (0.27g, 1.30mmol) was added and the
mixture was stirred for 24h. The precipitate was
removed by filtration and the solvent was removed at
reduced pressure. The product was dissolved in
dichloromethane and water. The organic phase was
washed with dilute acetic acid, sodium carbonate
solution and water successively and the solvent was
removed under reduced pressure. The residual solid
was crystallised twice from methanol:chloroform (2:1)
to obtain the target compound 4a. Yield: 0.16 g (37 %).
IR (KB, Viax, cm~'): 3078 (=CH.,), 2927 (CH,), 2854
(CH,), 1733 (C=0, ester), 1641 (C=C, vinyl), 1598,
1492 (C=C, aromatic), 1239, 1137, 1064 (C-0), 836
(C-H). "H NMR (CDCl5): 6 6: 8.39 (d, 4H, J=8.9 Hz),
8.00 (d, 4H, J=8.2Hz), 7.98 (d, 4H, J=8.9 Hz), 7.97
(d, partially merged with 7.98d, 2H), 7.72 (d, 2H,
J=2.1Hz) 7.42 (dd, 2H, J=8.8 and 2.1 Hz), 7.07 (d,
4H, J=8.9Hz), 6.07 (m, 2H, CH=), 5.47 (d, 2H,
J=16.5Hz, =CH,), 5.34 (d, 2H, J=9.9Hz, =CH,),
4.39 (d, 4H, J=6.8 Hz, OCH,-). *C NMR (CDCl;): §
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69.18, 114.34, 115.19, 118.29, 118.69, 119.38, 121.30,
122.68, 124.33, 125.37, 129.55, 130.50, 131.38, 132.60,
134.43, 147.18, 149.41, 15594, 161.90, 164.86.
Elemental analysis: calculated for Cj4H3,N40¢
(688.7266), C 73.23, H 4.67, N 8.13%; found, C
73.08, H 4.54, N 8.02%.

2,7-Naphthalene bis[4-(4-allyloxy-3-fluorophenylazo )-
benzoate] (4b).

Prepared as reported for 4a from compound 3b. Yield:
0.116 g (32%). IR (KBTI, vpmax, cm ™ 1): 3075 (=CH,),
2928 (CHy), 2854 (CH,), 1733 (vC=O0, ester), 1642
(C=C, vinyl), 1598, 1496 (C=C, aromatic), 1249,
1137, 1060 (C-0), 836 (C-H). '"H NMR (CDCls): §
8.33 (d, 4H, J=8.7Hz), 8.0 (d, 4H, J=8.3Hz) 7.96 (d,
2H, J=8.9Hz), 7.82 (d, 2H, J=8.9Hz), 7.75 (dd, 2H,
J=2.1, 89Hz), 7.72 (d, 2H, J=2.1Hz), 7.40 (dd, 2H,
J=8.9, 29Hz), 7.10 (t, 2H, J=8.3Hz), 6.06 (m, 2H,
CH=), 547 (d, 2H, J=16.8 Hz, =CH,), 5.33 (d, 2H,
J=9.8Hz, =CH,), 4.38 (d, 4H, J=6.7Hz, OCH,-).
3C NMR (CDCl5): § 70.02, 114.36, 114.95, 119.27,
119.86, 122.72, 124.59, 125.44, 126.18, 130.02, 130.12,
131.24, 131.38, 147.88, 150.66, 155.88, 161.63, 164.74.
Elemental analysis: calculated for C4H;30F>N4O¢
(724.7076), C 69.60, H 4.16, N 7.73%; found, C
69.45, H 4.04, N 7.65%.

2,7-Naphthalene bis{4-[4-(10-undecenyloxy)phenylazo ]
benzoate} (4c).

Prepared as reported for 4a from compound 3c.
Yield: 0.251g (38%). IR (KBr, vpax, cm'): 3078
(=CH,), 2923 (CH,), 2846 (CH,), 1733 (C=0, ester),
1631 (C=C, vinyl), 1590, 1480 (C=C, aromatic),
1247, 1133 1023 (C-0), 848 (C-H). 'H NMR
(CDCl3): ¢ 8.17 (d, 4H, J=8.2Hz), 7.97 (d, 4H,
J=69 Hz), 793 (d, 4H, J=6.8Hz), 7.72 (d, 2H,
J=8.8Hz), 7.46 (d, 2H, J=8.8Hz), 7.22 (d, 2H,
J=5.2Hz), 7.02 (d, 4H, J=8.6 Hz), 6.02 (m, 2H), 5.42
(d, 2H, J=16.5 Hz), 5.01 (d, 2H, J=9.9 Hz), 4.06 (d,
4H, J=6.7 Hz, OCH,-), 2.05 (m, 8H, —-CH,-), 1.83
(m, 8H, -CH,-), 1.47 (m, 8H, -CH»-), 1.35 (m, 8H, —
CH,-). 3C NMR (CDCly): 6 20.49, 25.46, 26.69,
29.62, 29.85, 30.05, 30.28, 32.92, 69.16, 114.84,
115.54, 119.80, 122.26, 124.39, 125.32, 126.03,
130.63, 130.83, 131.96, 132.30, 147.57, 150.15,
155.61, 161.20, 164.07. Elemental analysis: calculated
for CsgHesN4Og (913.1519), C 76.28, H 7.05, N
6.13%; found, C 76.12, H 7.11, N 6.05%.

Measurements

The structures of the intermediates and product were
confirmed by spectroscopic methods. IR spectra were

recorded with a Thermo Nicolet Nexus 670 FTIR
spectrometer. 'H NMR (600 MHz) and '*C NMR
(150 MHz) spectra were recorded with a Jeol (ECA
600) spectrometer. Compositions of the compounds
were determined by CHN elemental analyser (Leco &
Co). The transition temperatures and their enthalpies
were measured by differential scanning calorimetry
(DSC, Perkin DSC 7) with heating and cooling rates
were 10°Cmin ' and melting points of the intermedi-
ate compounds were determined by DSC. Optical
textures were obtained by using Olympus BXS50
polarising optical microscope equipped with a
Linkam THMSE 600 heating stage and a VTO 232
control unit. Absorption spectra were recorded using a
Perkin Elmer UV/visible spectrometer (Lambda 25).

3. Results and discussion
Synthesis

Compounds 4a—4c were prepared using the procedures
shown in Scheme 1. The azobenzene-containing
rod-like side arms were prepared from ethyl 4-
aminobenzoate. Initially, the diazonuim salt was
prepared with sodium nitrite in the presence of three
equivalents of aqueous hydrochloric acid, which was
coupled with phenol to yield ethyl 4-(4-hydroxyphenylazo)
benzoate (1la). The fluoro-substituted compound
(1b) was prepared by the same method using 2-
fluorophenol instead of phenol.

Compounds 1a and 1b were alkylated with allyl
bromide in the presence of potassium carbonate as
base to give ethyl 4-(4-allyloxyphenylazo)benzoate
(2a) and the corresponding fluoro-substituted com-
pound (2b), respectively. Then the ester groups of
compounds 2a and 2b were hydrolyzed under basic
conditions to yield the benzoic acids 3a and 3b,
respectively. In the final step, two equivalents of
the acids 3a or 3b were esterified with one equi-
valent of 2,7-dihydroxynaphthalene by using DCC
and DMAP to achieved the target molecules 4a and
4b. In a similar manner, compound 4c was prepared
by alkylation of 1a with 11-bromo-1-undecene
followed by hydrolysis and esterification with 2,7-
dihydroxynaphthalene (see Scheme 1) .

Mesomorphic properties

Using polarising optical microscopy (POM), a
schlieren texture typical of nematic phases (see
Figure 1) was observed upon cooling compounds
4a—4c from the isotropic phase. Optical textures
observed for compound 4a at 192°C, compound 4b at
165°C and compound 4¢ at 136°C are shown in
Figure 1. There was no other phase transition on
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Scheme 1. Synthesis of compounds 4a—4c¢. Reagents and conditions: (i) NaNO,, 3 equiv HCI, 2°C; (i1) NaOH, pH 9, 2°C; (iii)
K,CO;, KI, BrCH,CH=CH, or Br(CH,)yCH=CH,, reflux; (iv) KOH, MeOH; (v) DCC, DMAP.

further cooling, except crystallisation. For compound
4c, the clearing temperature of the nematic phase is
much lower than for compounds 4a and 4b, due to
the long alkyl chains on both sides of the molecule.
All the transition temperatures observed by POM
were matched with DSC data.

DSC studies confirmed the phase transition
temperatures (7/°C) observed by POM and gave the
enthalpy changes (AH/kJmol ') associated with
these phase transitions. Compound 4a exhibits two
peaks on heating, at 218.5°C (AH=58.7kJmol )
and 227.7°C (AH=1.8kJmol™ "), which correspond
to the Cr—N and N-I transitions. On cooling, the [-N
transition appears at 220.5°C, with crystallisation at
168.7°C (Table 1).

The corresponding fluoro-substituted compound
4b displayed two peaks on heating at 176.5°C
(AH=16.8kJmol ") and 198.2°C (AH=1.1kJmol ™),
which were attributed to the Cr—N and N-I transitions.
On cooling, again two peaks at 186.5 and 160.8°C
corresponding to I-N and N-Cr transitions were
observed. Similarly, compound 4¢ with long chains
shows Cr—N and N-I transitions at 119.5 and 160.3°C,
respectively (Table 1).

As can be seen from Table 1, addition of the F
atoms to the periphery of the aromatic core (compound
4a vs. 4b) decreases the crystal-mesophase transition as

well as the mesophase-isotropic transition tempera-
ture. Similar effects have been reported in other
materials (/7). Increasing the terminal chain length
(compound 4a vs. 4¢), as expected, decreases the
transition temperature significantly.

In the following, compounds 4a—4c will be com-
pared with other bent-core mesogens incorporating
2,7-dihydroxynaphthalene units (Scheme 2) connected
with rod-like wings containing Schiff base units [S (/8)]
or phenyl benzoate linking groups as well as with
fluorine substituted bent-core molecules [6 (/7)].

Svoboda et al. (18) did not find nematic phases
for related Schiff base derivatives (5) of 2,6-
dihydroxynaphthalene, even for the compounds with
the shortest chains (n=6, but without terminal double
bonds) and also additional substituents at the
naphthalene core could not induce a nematic phase.
Kozmi et al. (32) and Reddy et al. (33) reported bent-
shaped mesogens based on substituted naphthalene-
2,7-diol having phenylbenzoate wings and a double
bond at one or at both end of the terminal chains.
These compounds were prepared with relatively long
chains (comparable to 4c¢), but only smectic phases
and no nematic phases were observed for these ester-
based bent-core molecules.

Another series of fluorinated banana-shaped
compounds with 2,7-dihydroxynaphthalene central
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Figure 1. Optical micrographs of (a) compound 4a at
192°C, (b) compound 4b at 165°C and (c) compound 4¢ at
136°C; all compounds show schlieren textures typical of
nematic phases on cooling.

unit (6) showed SmCp, phases, Bl-type rectangular
columnar phases (Col,) and B6-type intercalated
smectic phases (Smjyerca)) @s well as nematic meso-
phases (/7). The phase transitions of the first
compound of series 6-1 (n=4) showed the phase

Table 1. Phase transition temperatures (°C) and enthalpies
(kJmol ™", in parentheses) obtained for the second heat and
cooling DSC scans for compounds 4a—4c.

Compound Scan Phase transitions
4a heating Cr 218.5 (58.7) N 227.7 (1.8) I
cooling 1220.5 (2.0) N 168.7 (39.0) Cr
4b heating Cr 176.5 (16.8) N 198.2 (1.1) I
cooling 1186.5 (1.0) N 160.8 (12.5) Cr
4c heating Cr 119.5 (58.1) N 160.3 (2.8) I
cooling 1148.8 (2.4) N 98.1 (52.4) Cr

Cr=crystal, N=nematic, I=isotropic phase.

sequence Cr 197 Col, 210 N 213 I and the
corresponding fluoro-substituted compounds of ser-
ies 6-1I (n=3) showed the phase sequence Cr 162 Col,
176 Smypiercar 191 N 204 1. The compounds of the
series containing fluorine have lower transitions
temperature compared to non-fluoro compounds
(17). Hence, the overall mesophase stability of the
reported compounds (/7, 18) is quite similar to our
compounds 4a and 4b and there is a similar effect of
fluorine substitution (though in a different position),
leading to lower transition temperatures for the
fluorinated compounds. In contrast to compounds
of type 6, in our case no transition to smectic or
columnar phases could be observed. In addition, the
long chain compound 4¢ shows much lower transi-
tion temperature compared to the compounds of
series 6. These comparisons indicate the stabilizing
effect of azobenzene units on the nematic phases of
bent-core mesogens.

Moreover, the azobenzene units introduce func-
tional properties into the bent-core mesogens (34),
leading to the possibility of photoisomerisation and

3ia 363 nm

absorbance

250 300 350 400 450 500

wavelength (nm)

Figure 2. UV/visible absorption spectra of 4a, 4b and 4c in
chloroform at a concentration of 5.0x 10 > moll™".
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Scheme 2. Structures of 5 and 6 compounds.

photochromic behaviour. Therefore, preliminary
studies of the photochemical properties were carried
out in solution. Solutions with concentrations of
50x10">moll~" 4a, 4b and 4c were prepared in
chloroform for UV/visible absorption studies. The
spectrum of 4a shows three absorptions with max-
imum absorbance at 260, 363 and 450nm and 4b
shows three absorptions at 264, 367 and 450nm
(Figure 2). Similarly, 4c shows also three absorptions
with maximum absorbance at 259, 363 and 450 nm
(Figure 2). The azo-containing monomers in the trans
form all show a strong band in the UV region
(~365nm), which is attributed to the n—=* transition,
and a weak band in the visible region (~450 nm) due
to the n—n* transition. The trans form is generally
more stable than the cis form, but each isomer can be
converted into the other by light irradiation of the
appropriate wavelength. Polarised light can induce
the reorientation of azobenzene groups through
photochemical trans—cis—trans isomerisation (35).

4. Conclusion

Three new bent-core mesogens with azobenzene units
containing 2,7-dihydroxynaphthalene as central bent
unit were synthesised. Two of them have allyl groups at
the termini, one is fluorine substituted at the aromatic
core (4b), and the other one (4a) is not. A third
compound 4c¢ has long alkyl chains with double bond
at the terminals. All three bent-shaped compounds

exhibited nematic mesophases. The double bonds can
be used for preparation of polymers or silyl-functio-
nalised bent-core mesogens, whereas the presence of
the azo linkage in these liquid crystals monomer is
suitable for photochromism studies and trans—cis—trans
isomerisation cycles under UV irradiation. A photo-
chemical cis—trans isomerisation study is now in
progress and will be reported in due course.

Acknowledgement

This research was supported by Fundamental Research
Grant (No: FRGS0006-ST-1/2006), Ministry of Education,
Malaysia.

References

(1) Niori T.; Sekine T.; Watanabe J.; Furukawa T.;
Takezoe H. J. Mater. Chem. 1996, 6, 1231-1233.

(2) Link D.R.; Natale G.; Shao R.; Maclennan J.E.;
Clark N.A.; Korblova E.; Walba D.M. Science 1997,
278, 1924-1927.

(3) Heppke G.; Jakli A.; Rauch S.; Sawade H. Phys. Rev.
E 1999, 60, 5575-5579.

(4) Reddy R.A.; Tschierske C. J. Mater. Chem. 2006, 16,
907-961.

(5) Shen D.; Diele S.; Pelzl G.; Wirth I.; Tschierske C. J.
Mater. Chem. 1999, 9, 661-672.

(6) Matraszek J.; Mieczkowski J.; Szydlowska J.; Gorecka E.
Lig. Cryst. 2000, 27, 429-436, Wirth 1.; Diele S.; Eremin
A.; Pelzl G.; Grande S.; Kovalenko L.; Pancenko N.;
Weissflog W. J. Mater. Chem. 2001, 11, 1642-1650.

(7) Matyus E.; Keseru K. J. Mol Struct. 2001, 543, 89-98.



14:59 25 January 2011

Downl oaded At:

1270 M. L. Rahman et al.

(8) Dingemans T.J.; Samulski E.T. Lig. Cryst. 2000, 27,
131-136.

(9) Weissflog W.; Nadasi H.; Dunemann U.; Pelzl G.;
Diele S.; Eremin A.; Kresse H. J. Mater. Chem. 2001,
11, 2748-2758.

(10) Stojadinovic S.; Adorjan A.; Sprunt S.; Sawade H.;
Jakli A. Phys. Rev. E 2002, 66, 060701-060705(R).

(11) Lubensky T.C.; Radzihovsky L. Phys. Rev. E 2002, 66,
031704-031731; Vanakaras A.G.; Photinos D.J. J.
Chem. Phys. 2008, 128, 154512-154517; Bates M.A.
Phys. Rev. E 2006, 74, 061702-061713; Luckhurst
G.R. Angew. Chem., Int. Ed. 2005, 44, 2834-2836;
Prasad V.; Kang S.-W.; Suresh K.A.; Joshi L.; Wang
Q.; Kumar S. J. Am. Chem. Soc. 2005, 127, 17224~
17227; Madsen L.A.; Dingemans T.J.; Nakata M.;
Samulski E.T. Phys. Rev. Lett. 2004, 92, 145505—
145509; Acharya B.R.; Primak A.; Kumar S. Phys.
Rev. Lett. 2004, 92, 145506-145510.

(12) Pelzl G.; Diele S.; Weissflog W. Adv. Mater. 1999, 11,
707-724.

(13) Thisayukta J.; Kamee H.; Kawauchi S.; Watanabe J.
Mol. Cryst. Lig. Cryst. 2000, 246, 63—66.

(14) Thisayukta J.; Nakayama Y.; Watanabe J. Lig. Cryst.
2000, 27, 1129-1135.

(15) Thisayukta J.; Niwano H.; Takezoe H.; Watanabe J.
J. Mater. Chem. 2001, 11, 2717-2721; Thisayukta J.;
Nakayama Y.; Kawauchi S.; Takezoe H.; Watanabe J.
J. Am. Chem. Soc. 2000, 122, 7441-7448.

(16) Reddy R.A.; Sadashiva B.K. Lig. Cryst. 2000, 27,
1613-1623.

(17) Reddy R.A.; Sadashiva B.K. J. Mater. Chem. 2004,
14, 1936-1947, Reddy R.A.; Sadashiva B.K;
Raghunathan V.A. Chem. Mater. 2004, 16, 4050-4062.

(18) Svoboda J.; Novotna V.; Kozmik V.; Weissflog W.;
Diele S.; Pelzl G. J. Mater. Chem. 2003, 13,
2104-2110.

(19) Prasad V. Lig. Cryst. 2001, 28, 145; Prasad V.; Kang
S.-W.; Qi X.; Kumar S. J. Mater. Chem. 2004, 14,
1495-1502; Jakli A.; Prasad V.; Shankar Rao D.S.;
Liao G.; Janossy 1. Phys. Rev. E 2005, 71, 021709-
021715; Folcia C.L.; Alonso I.; Ortega J.; Etxebarria
J.; Pintre I.; Ros M.B. Chem. Mater. 2006, 18, 4617—
4626.

(20) Sentman A.C.; Gin D.L. Angew. Chem. 2003, 115,
1859-1863.

(21) Wu L.H.; Chu C.S.; Janarthanan N.; Hsu C.S. J.
Polym. Res. 2000, 7, 125-134.

(22) Demel S.; Slugove C.; Stelzer F.; Fodor-Csorba K.;
Galli G. Macromol. Rapid. Commun. 2003, 24,
636-641.

(23) Keum C.-D.; Kanazawa A.; lkeda T. Adv. Mater.
2001, 73, 321-323.

(24) Fodor-Csorba K.; Vajda A.; Galli G.; Jakli A.;
Demus D.; Holly S.; Baitz E.G. Macromol. Chem.
Phys. 2002, 203, 1556-1563.

(25) Sentman A.C.; Gin D.L. Angew. Chem., Int. Ed. 2003,
42, 1815-1819.

(26) Fodor-Csorba K.; Vajda A.; Jakli A.; Slugove C.;
Trimmel G.; Demus D.; Baitz E.G.; Holly S.; Galli G.
J. Mater. Chem. 2004, 14, 2499-2506.

(27) Dantlgraber G.; Eremin A.; Diele S.; Hauser A.;
Kresse H.; Pelzl G.; Tschierske C. Angew. Chem., Int.
Ed. 2002, 41, 2408-2412; Keith C.; Reddy R.A.;
Hauser A.; Baumeister U.; Tschierske C. J. Am. Chem.
Soc. 2006, 128, 3051-3066; Keith C.; Reddy R.A.;
Prehm M.; Baumeister U.; Kresse H.; Chao J.L.;
Hahn H.; Lang H.; Tschierske C. Chem. Eur. J. 2007,
13, 2556-25717.

(28) Achten R.; Koudijs A.; Giesbers M.; Marcelis A.T.M.;
Sudhélter E.J.R. Lig. Cryst. 2005, 32, 277-285.

(29) Keith C.; Reddy R.A.; Tschierske C. Chem. Commun.
2005, 871-873; Achten R.; Koudijs A.; Giesbert M.;
Reddy R.A.; Verhulst T.; Tschierske C.; Marcelis
A.T.M.; Sudholter E.J.R. Lig. Cryst. 2006, 33, 681—
688.

(30) Reddy R.A.; Sadashiva B.K. Lig. Cryst. 2003, 30,
1031-1050; Reddy R.A.; Raghunathan V.A.
Sadashiva B.K. Chem. Mater. 2005, 17, 274-283.

(31) Li Lai L.; Su F.Y.; Lin Y.J.; Ho C.H.; Wang E.;
Hung C.H.; Liu Y.H.; Wang Y. Helv. Chim. Acta
2002, 85, 1517-1522.

(32) Kozmik V.; Kovarova A.; Kuchar M.; Svoboda J.;
Novotna V.; Glogarova M.; Kroupa J. Lig. Cryst.
20006, 33, 41-56.

(33) Reddy R.A.; Baumeister U.; Keith C.; Tschierske C. J.
Mater. Chem. 2007, 17, 62-75.

(34) Etxebarria J.; Ros M.B. J. Mater. Chem. 2008, 18,
2919-2926.

(35) Choi S.-W.; Kawauchi S.; Ha N.Y.; Takezoe H. Phys.
Chem. Chem. Phys. 2007, 9, 3671-3682, and references
cited there.



