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Synthesis and self-assembled nanostructures of novel chiral amphiphilic liquid crystals containing
b-D-galactopyranoside end-groups

Ming-Shou Ho and Chain-Shu Hsu*

Department of Applied Chemistry, National Chiao Tung University, Hsinchu, Taiwan 30010, Republic of China

(Received 2 November 2009; final version received 11 January 2010)

A series of novel chiral amphiphilic liquid crystals that contain b-D-galactopyranoside end-group and 4-[1,2,3]-
triazolephenyl 4-alkoxybenzoate mesogens were synthesised. Their phase transitions and mesomorphic properties
were characterised by polarising optical microscopy and differential scanning calorimetry. All compounds
obtained exhibit a chiral smectic A phase. In addition, the self-assembling behaviour in the solution of these liquid
crystal amphiphiles that exhibited high segregation strength for phase separation was studied by electron micro-
scopy. The morphological transformation of self-assembled chiral amphiphilic liquid crystals, from a platelet-like
morphology to helical twists, was obtained by increasing the length of the hydrophobic alkyl tail.

Keywords: amphiphilic liquid crystals; heterocyclic liquid crystals; self-assembly; triazole

1. Introduction

Heterocyclic material, an interesting class of liquid

crystal (LC), revealed highly promising ranges for a
diverse group of niche applications. These compounds

exhibited mesomorphic [1–9] and luminescent peculia-

rities [10–13]. Heterocyclic compounds, such as five-

membered heterocyclic oxadiazole, thiophene and

thiodiazole rings, were synthesised and characterised

[14–16]. The detailed properties of an oxadiazole frag-

ment were reported [17]. These compounds showed

low transition temperature and wide LC range.
N-heterocyclic triazole compounds, albeit made

synthetically, appeared to have widespread use in bio-

logical activities [18, 19]. In addition, application of

the triazole ring in material chemistry, as organic light

emitting devices as such, has been elucidated and

demonstrated by Wang and Barnhill [20] and Choy

et al. [21]. An efficient route to triazole-based dendri-

mers was recently investigated and reported by Wu
et al. [22]. The triazole moiety possessed a quick and

convenient aspect that could be utilised as a linkage

for block copolymers [23]. Huisgen’s dipolar cycload-

dition of organic azides and alkynes provided a meth-

odology for the most direct route to [1,2,3]-triazoles

[24], and this most expedient method to form a five-

membered heterocyclic ring is the so-called ‘click

reaction’ [25,26]. The detailed mechanism of click
cycloaddition was reported in detail by Fahmi et al. [27].

Accordingly to date, the [1,2,3]-triazole ring uti-

lised in LC studies is rare, except for the few examples

that contain the regioisomeric [1,2,4]-triazole [28–30]

and syntheses reported by several groups [31–33], in

which the triazole ring is used as a linkage between the

aliphatic chiral material and a rigid core unity, which

enables the materials to show smectic A and choles-

teric mesophases, in which the molecules form helical

macrostructures with a specific handedness.

Amphiphilic glycolipid molecules consist of hydro-
philic (polar) head groups and hydrophobic (apolar)

alkyl chains. Due to their polar asymmetry, the head

groups and the alkyl chains self-aggregate into micro-

scopic regions forming LC phases. They also exhibit

amphotropic behaviour [34] in that they generate LC

phases both in solvents as the concentration is varied

and in their pure form as the temperature is varied.

The LC phases produced in an aqueous medium are of
great interest, in particular because of the role they

play in biological cell membranes [35]. Both lyotropic

and thermotropic properties of glycolipids have been

widely studied in the last decade [36, 37].

Thermotropic LC phases of glycolipids were first

observed in alkyl glucopyranosides, for example hexade-

cyl-b-D-glucopyranosides [38]. They are known to form

smectic phases, which are believed to be similar or iden-
tical to the lamellar phase formed in an aqueous medium.

The measured layer spacing indicated the formation of

double layers. It is generally accepted that the hydrogen

bond-forming ability of the polar moiety is crucial to the

formation of mesophases in amphiphilic derivatives [39].

Self-assembling modified derivatives of naturally

occurring monosaccharides provide a crucial direction

for the controlled fabrication of superstructures.
Shinkai et al. have made the most extensive use of

sugars in their quest for organic hydrogelators. The
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morphologies of sugar-based amphiphiles, affected by

the introduction of different hydrophilic or hydropho-

bic parts [40–44] and by unsaturation in the lipophilic

moiety, have been thoughtfully studied by Shimizu

and co-workers [45, 46]. The self-assembly of unsatu-

rated alkyl chains of carbohydrate sugars exhibited an

interesting self-assembled conversion from coiled nano-
fibres gradually to a tubular morphology. Recently, we

reported some LC sugar-based rod–coil amphiphiles

with different alkoxyl chain lengths that were self-

assembled in solution to form either a platelet-like or

a helical twist morphology [47–49].

In this study, a chiral b-D-galactopyranoside entity

was linked to 4-[1,2,3]-triazolephenyl 4-alkoxybenzoate

mesogen via click chemistry. The mesomorphic proper-
ties of the synthesised LCs are discussed. Furthermore,

the self-assembling morphology of these chiral amphi-

philic LCs in dilute solution was also investigated.

2. Experimental

2.1 Characterisation techniques
1H nuclear magnetic resonance (NMR) spectra

(300 MHz) were recorded on a Varian VXR-300 spec-

trometer. Thermal transitions and thermodynamic
parameters were determined by using a Seiko SSC/

6200 differential scanning calorimeter equipped with a

liquid nitrogen cooling accessory. Heating and cooling

rates were 5�C/min. Transition temperatures reported

here were collected during the first heating and cooling

scans. A Carl Zeiss Axiphot optical polarising micro-

scope equipped with a Mettler FP 82 hot stage and a FP

80 central processor was used to observe the thermal
transitions and analyse the anisotropic textures.

2.2 Materials

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide

hydrochloride (EDCI) and 4-dimethylaminopyridine

(DMAP) (from Aldrich) were used as received. The

solvents were dried according to standard procedures.

Tetrahydrofuran (THF) was distilled under a nitrogen
atmosphere over sodium benzophenone ketyl just

before use. Dichloromethane (DCM) and toluene were

dried over calcium hydride and then distilled under

nitrogen. Triethylamine (Et3N) was distilled and dried

over potassium hydroxide. Compound 1 and 3a–3f were

synthesised according to literature procedures [50, 51].

2.3 Synthesis of chiral amphiphilic LCs (LC7–LC12)

The synthetic processes of a series of chiral amphiphi-

lic LCs (LC7–LC12) were outlined in Scheme 1. The

detail procedures are described below.

2.3.1 4-(Trimethylsilyl ethynyl)phenol (2)

4-Iodophenol (10.0 g, 45.45 mmol), bis(tripheny1pho-

sphine) palladium dichloride (PdCl2(PPh3)2] (0.64 g,

0.91 mmol), CuI (0.69 g, 3.64 mmol), and PPh3 (0.95 g,
3.64 mmol) were dissolved in Et3N (150 ml) and the

mixture was stirred under nitrogen. Once all catalysts

had been dissolved, (trimethylsilyl) acetylene (9.6 ml,

68.18 mmol) was added. The resulting solution was

reacted at 70�C for 15 h. After triethylamine was

removed under reduced pressure, the product

was extracted with diethyl ether. The crude product

was isolated by evaporating the solvent and purified
by column chromatography (silica gel, ethyl acetate/n-

hexane ¼ 1/4 as eluent) which afforded white crystals

in 60% yield (5.19 g). 1H NMR (CDCl3): � ¼ 7.33 (d,

2H, J ¼ 8.70 Hz, aromatic protons), 6.73 (d, 2H, J ¼
8.70 Hz, aromatic protons), 4.91 (s, 1H, –OH), 0.21 (s,

9H, –Si(CH3)3). 13C NMR (CDCl3): � ¼ 156.03,

133.66, 115.32, 115.24, 105.13, 92.36, 0.02. mass spec-

trometry (MS) (EI): 190.

2.3.2 4-(Trimethylsilyl ethynyl)phenyl

4-alkoxybenzate (4a– 4f)

Both compounds were prepared by esterification of

4-alkoxybenzoic acid with 4-(trimethylsilyl ethynyl)

phenol. An example for the synthesis of compound

4c is described as follows.

A solution of EDCI (4.23 g, 22.07 mmol) in DCM

(50 ml) was added dropwise to a solution of 2 (3.5 g,

18.39 mmol), 4-(nonyloxy)benzoic acid (3c, 5.8 g,

22.07 mmol) and DMAP (0.29 g, 2.39 mmol) in
dichloromethane (100 ml) at -20�C. After complete

addition, the reaction mixture was allowed to stir

overnight at room temperature. The reaction progress

was monitored by thin layer chromatography (TLC).

The reaction mixture was washed twice with a 1 M

sodium hydroxide solution and twice with distilled

water. The organic layer was dried with anhydrous

magnesium sulphate and then evaporated under
reduced pressure to give the crude product. Further

purification was performed using column chromato-

graphy (silica gel, ethyl acetate/n-hexane ¼ 1/8 as elu-

ent) to give a white solid (6.58 g, 82%). 1H NMR

(CDCl3): � ¼ 8.10 (d, 2H, J ¼ 8.70 Hz, aromatic

protons), 7.49 (d, 2H, J¼ 8.70 Hz, aromatic protons),

7.13 (d, 2H, J ¼ 8.70 Hz, aromatic protons), 6.94 (d,

2H, J ¼ 9.0 Hz, aromatic protons), 4.02 (t, 2H, J ¼
6.60 Hz, –PhOCH2–), 1.80 (m, 2H, –PhOCH2CH2–),

1.45–1.27 (m, 12H, –(CH2)6CH3), 0.87 (t, 3H, J¼ 6.30

Hz, –CH2CH3), 0.23 (s, 9H, –Si(CH3)3). MS (EI): 436.

4a: Yield 85%. 1H NMR (CDCl3): � ¼ 8.10 (d, 2H,

J ¼ 9.30 Hz, aromatic protons), 7.49 (d, 2H, J ¼ 8.70

Hz, aromatic protons), 7.13 (d, 2H, J ¼ 9.00 Hz,
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aromatic protons), 6.94 (d, 2H, J ¼ 9.3 Hz, aromatic

protons), 4.02 (t, 2H, J ¼ 6.60 Hz, –PhOCH2–), 1.80

(m, 2H, –PhOCH2CH2–), 1.45–1.25 (m, 8H,

–(CH2)4CH3), 0.86 (t, 3H, J ¼ 6.30 Hz, –CH2CH3),

0.23 (s, 9H, –Si(CH3)3). MS (EI): 408.

4b: Yield 90%. 1H NMR (CDCl3): � ¼ 8.10

(d, 2H, J ¼ 8.70 Hz, aromatic protons), 7.49 (d, 2H,

J ¼ 8.40 Hz, aromatic protons), 7.13 (d, 2H, J ¼ 8.40

Hz, aromatic protons), 6.94 (d, 2H, J ¼ 8.7 Hz,

aromatic protons), 4.02 (t, 2H, J ¼ 6.60 Hz,

–PhOCH2–), 1.80 (m, 2H, –PhOCH2CH2–),

1.45–1.21 (m, 10H, –(CH2)5CH3), 0.87 (t, 3H, J ¼
6.30 Hz, –CH2CH3), 0.23 (s, 9H, –Si(CH3)3). MS

(EI): 422.

Scheme 1. Synthesis of the chiral amphiphilic liquid crystals (LC7–LC12).
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4d: Yield 87%. 1H NMR (CDCl3): � ¼ 8.10 (d, 2H,

J ¼ 9.00 Hz, aromatic protons), 7.49 (d, 2H, J ¼ 8.10

Hz, aromatic protons), 7.13 (d, 2H, J ¼ 8.40 Hz,

aromatic protons), 6.94 (d, 2H, J ¼ 9.0 Hz, aromatic

protons), 4.02 (t, 2H, J ¼ 6.60 Hz, –PhOCH2–), 1.80

(m, 2H, –PhOCH2CH2–), 1.45–1.26 (m, 14H,

–(CH2)7CH3), 0.86 (t, 3H, J ¼ 6.30 Hz, –CH2CH3),
0.23 (s, 9H, –Si(CH3)3). MS (EI): 450.

4e: Yield 87%. 1H NMR (CDCl3): � ¼ 8.10 (d, 2H,

J ¼ 9.00 Hz, aromatic protons), 7.49 (d, 2H, J ¼ 8.70

Hz, aromatic protons), 7.13 (d, 2H, J ¼ 8.40 Hz,

aromatic protons), 6.94 (d, 2H, J ¼ 9.30 Hz, aromatic

protons), 4.02 (t, 2H, J ¼ 6.60 Hz, –PhOCH2–), 1.80

(m, 2H, –PhOCH2CH2–), 1.41–1.25 (m, 16H,

–(CH2)8CH3), 0.86 (t, 3H, J ¼ 6.30 Hz, –CH2CH3),
0.23 (s, 9H, –Si(CH3)3). MS (EI): 464.

4f: Yield 90%. 1H NMR (CDCl3): � ¼ 8.10 (d, 2H,

J ¼ 8.70 Hz, aromatic protons), 7.49 (d, 2H, J ¼ 8.70

Hz, aromatic protons), 7.13 (d, 2H, J ¼ 8.40 Hz,

aromatic protons), 6.94 (d, 2H, J ¼ 8.70 Hz, aromatic

protons), 4.02 (t, 2H, J ¼ 6.30 Hz, –PhOCH2–), 1.80

(m, 2H, –PhOCH2CH2–), 1.45–1.25 (m, 18H,

–(CH2)9CH3), 0.86 (t, 3H, J ¼ 6.30 Hz, –CH2CH3),
0.24 (s, 9H, –Si(CH3)3). MS (EI): 478.

2.3.3 4-Ethynylphenyl 4-alkoxybenzate (5a–5f)

Both compounds were prepared by effected desilyla-

tion of compounds 4a–4f with tetrabutylammonium

fluoride (TBAF). An example for the synthesis of 5c is

described as follows.

TBAF (18 ml, 1 M/THF, 18 mmol) was added to a

stirred solution of compound 4c (5.24 g, 12 mmol) in
THF (4 ml) at ambient temperature. The reaction

mixture was stirred for 1hr, volatiles were evaporated,

and the brown residue was partitioned (CH2Cl2/

NaHCO3 (aq)). The organic layer was washed (brine),

dried (MgSO4), and evaporated. The residue was pur-

ified by column chromatography (ethyl acetate/n-

hexane ¼ 1/8) to give white crystals 5c (2.26 g, 52%).
1H NMR (CDCl3): � ¼ 8.11 (d, 2H, J ¼ 8.40 Hz,
aromatic protons), 7.53 (d, 2H, J ¼ 8.10 Hz, aromatic

protons), 7.16 (d, 2H, J¼ 8.10 Hz, aromatic protons),

6.95 (d, 2H, J ¼ 8.70 Hz, aromatic protons), 4.02 (t,

2H, J ¼ 6.60 Hz, –PhOCH2–), 3.05 (s, 1H, –C;CH),

1.80 (m, 2H, –PhOCH2CH2–), 1.46–1.25 (m, 12H,

–(CH2)6CH3), 0.86 (t, 3H, J ¼ 6.30 Hz, –CH2CH3).

MS (EI): 364.

5a: Yield 50%. 1H NMR (CDCl3): � ¼ 8.11 (d, 2H,
J ¼ 9.00 Hz, aromatic protons), 7.53 (d, 2H, J ¼ 8.40

Hz, aromatic protons), 7.16 (d, 2H, J ¼ 8.70 Hz,

aromatic protons), 6.95 (d, 2H, J ¼ 9.00 Hz, aromatic

protons), 4.02 (t, 2H, J ¼ 6.30 Hz, –PhOCH2–), 3.06

(s, 1H, –C;CH), 1.80 (m, 2H, –PhOCH2CH2–),

1.41–1.23 (m, 8H, –(CH2)4CH3), 0.88 (t, 3H, J ¼ 6.30

Hz, –CH2CH3). MS (EI): 336

5b: Yield 50%. 1H NMR (CDCl3): � ¼ 8.10 (d, 2H,

J ¼ 8.70 Hz, aromatic protons), 7.50 (d, 2H, J ¼ 8.50

Hz, aromatic protons), 7.15 (d, 2H, J ¼ 8.50 Hz,

aromatic protons), 6.94 (d, 2H, J ¼ 8.7 Hz, aromatic

protons), 4.02 (t, 2H, J ¼ 6.60 Hz, –PhOCH2–), 3.06
(s, 1H, –C;CH), 1.80 (m, 2H, –PhOCH2CH2–),

1.45–1.21 (m, 10H, –(CH2)5CH3), 0.87 (t, 3H,

J ¼ 6.30 Hz, –CH2CH3). MS (EI): 350

5d: Yield 55%. 1H NMR (CDCl3): � ¼ 8.10 (d, 2H,

J ¼ 8.40 Hz, aromatic protons), 7.52 (d, 2H, J ¼ 8.70

Hz, aromatic protons), 7.16 (d, 2H, J ¼ 8.70 Hz,

aromatic protons), 6.95 (d, 2H, J ¼ 9.00 Hz, aromatic

protons), 4.02 (t, 2H, J ¼ 6.60 Hz, –PhOCH2–), 3.05
(s, 1H, –C;CH), 1.80 (m, 2H, –PhOCH2CH2–),

1.45–1.26 (m, 14H, –(CH2)7CH3), 0.86 (t, 3H,

J ¼ 6.00 Hz, –CH2CH3). MS (EI): 378

5e: Yield 60%. 1H NMR (CDCl3): � ¼ 8.11 (d, 2H,

J ¼ 8.70 Hz, aromatic protons), 7.53 (d, 2H, J ¼ 8.70

Hz, aromatic protons), 7.16 (d, 2H, J ¼ 8.40 Hz,

aromatic protons), 6.95 (d, 2H, J ¼ 8.70 Hz, aromatic

protons), 4.02 (t, 2H, J ¼ 6.60 Hz, –PhOCH2–), 3.06
(s, 1H, –C;CH), 1.80 (m, 2H, –PhOCH2CH2–),

1.46–1.26 (m, 16H, –(CH2)8CH3), 0.87 (t, 3H,

J ¼ 6.30, –CH2CH3). MS (EI): 392.

5f: Yield 62%. 1H NMR (CDCl3): � ¼ 8.11 (d, 2H,

J ¼ 9.00 Hz, aromatic protons), 7.53 (d, 2H, J ¼ 8.70

Hz, aromatic protons), 7.16 (d, 2H, J ¼ 8.70 Hz,

aromatic protons), 6.95 (d, 2H, J ¼ 9.00 Hz, aromatic

protons), 4.02 (t, 2H, J ¼ 6.60 Hz, –PhOCH2–), 3.06
(s, 1H, –C;CH), 1.80 (m, 2H, –PhOCH2CH2–),

1.46–1.25 (m, 18H, –(CH2)9CH3), 0.86 (t, 3H,

J ¼ 6.30, –CH2CH3). MS (EI): 406.

2.3.4 Chiral amphiphilic LCs (LC7–LC12)

Both compounds were prepared by using as a crucial

step the Huisgen Cu(I)-catalysed cycloaddition of

organic azido-galactose (1) with 4-ethynylphenyl

4-alkoxybenzates. An example for the synthesis of

LC9 is described as follows.

Compound 1 (1.22 g, 4.88 mmol), compound 5c
(1.78 g, 4.88 mmol) and CuI (4.65 g, 24.42 mmol) were

dissolved in dry THF in a glass vial. To this mixture

was added diisopropylethylamine (DIPEA, 8.4 ml,

48.84 mmol) and the vial was capped. After stirring

for 24 h at room temperature, the mixture was filtered

over Celite and the solvent evaporated under reduced

pressure. The resulting residue was purified by flash

chromatography using as eluent the gradient EtOAc/
MeOH : EtOAc ¼ 1:4). The title compound was iso-

lated white crystals in 80% yield (2.4 g). 1H NMR

(DMSO–d6): � ¼ 8.65 (s, 1H, –C2N3H–), 8.07 (d, 2H,

J ¼ 9.00 Hz, aromatic protons), 7.92 (d, 2H, J ¼ 8.40
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Hz, aromatic protons), 7.33 (d, 2H, J ¼ 8.70 Hz,

aromatic protons), 7.11 (d, 2H, J ¼ 8.70 Hz, aromatic

protons), 5.06 (d, 1H, J ¼ 4.80 Hz), 4.77 (d, 1H, J ¼
5.40 Hz), 4.60 (m, 3H), 4.35 (d, 1H, J ¼ 4.80 Hz), 4.20

(d, 1H, J ¼ 7.20 Hz), 4.08 (m, 3H), 3.90 (m, 1H), 3.62

(m, 1H), 3.50 (m, 1H), 1.74 (m, 2H, –PhOCH2CH2–),

1.42–1.25 (m, 12H, –(CH2)6CH3), 0.85 (t, 3H,
J ¼ 5.70, –CH2CH3). 13C NMR (DMSO–d6):

� ¼ 164.23, 163.25, 150.19, 145.57, 132.05, 128.62,

126.22, 122.50, 122.36, 120.74, 114.68, 103.41, 75.41,

73.35, 70.47, 68.14, 68.00, 67.18, 60.48, 49.81, 31.34,

29.11, 28.97, 28.74, 28.51, 25.42, 22.14, 13.97.

MALDI-TOF: 614.301 [MþH]þ. HRMS (m/z) Calcd

for C32H43N3O9: 613.6985, found: 613.6979.

LC7: Yield 82%. 1H NMR (DMSO–d6): � ¼ 8.66
(s, 1H, –C2N3H–), 8.07 (d, 2H, J ¼ 8.70 Hz, aromatic

protons), 7.90 (d, 2H, J¼ 7.80 Hz, aromatic protons),

7.33 (d, 2H, J ¼ 7.80 Hz, aromatic protons), 7.11

(d, 2H, J ¼ 8.70 Hz, aromatic protons), 5.10 (d, 1H,

J ¼ 4.20 Hz), 4.78 (d, 1H, J ¼ 4.80 Hz), 4.61 (m, 3H),

4.40 (d, 1H, J¼4.20 Hz), 4.19 (d, 1H, J¼ 6.60 Hz), 4.07

(m, 3H), 3.89 (m, 1H), 3.62 (m, 1H), 3.50 (m, 1H), 1.73

(m, 2H, –PhOCH2CH2–), 1.41–1.23 (m, 12H,
–(CH2)6CH3), 0.84 (t, 3H, J ¼ 5.70, –CH2CH3). 13C

NMR (DMSO–d6): �¼ 164.24, 163.26, 150.20, 145.59,

132.04, 128.60, 126.25, 122.51, 122.37, 120.75, 114.65,

103.43, 75.43, 73.33, 70.45, 68.15, 68.01, 67.16, 60.45,

49.82, 31.33, 29.12, 28.54, 25.42, 22.17, 13.96.

MALDI-TOF: 586.269 [MþH]þ. HRMS (m/z) Calcd

for C30H39N3O9: 585.6454, found: 585.6465.

LC8: Yield 85%. 1H NMR (DMSO–d6): � ¼ 8.66
(s, 1H, –C2N3H–), 8.07 (d, 2H, J ¼ 8.70 Hz, aromatic

protons), 7.90 (d, 2H, J¼ 8.40 Hz, aromatic protons),

7.33 (d, 2H, J ¼ 8.40 Hz, aromatic protons), 7.11

(d, 2H, J ¼ 8.70 Hz, aromatic protons), 5.09 (d, 1H,

J ¼ 4.80 Hz), 4.77 (d, 1H, J ¼ 5.10 Hz), 4.60 (m, 3H),

4.39 (d, 1H, J ¼ 4.20 Hz), 4.19 (d, 1H, J ¼ 6.60 Hz),

4.08 (m, 3H), 3.90 (m, 1H), 3.62 (m, 1H), 3.50 (m, 1H),

1.74 (m, 2H, –PhOCH2CH2–), 1.41–1.26 (m, 12H,
–(CH2)6CH3), 0.85 (t, 3H, J ¼ 5.70, –CH2CH3). 13C

NMR (DMSO–d6): �¼ 164.23, 163.26, 150.19, 145.59,

132.05, 128.60, 126.22, 122.51, 122.36, 120.75, 114.68,

103.43, 75.41, 73.33, 70.47, 68.15, 68.00, 67.16, 60.48,

49.82, 31.34, 29.12, 28.74, 28.53, 25.42, 22.15, 13.96.

MALDI-TOF: 600.284 [MþH]þ. HRMS (m/z).

Calculated for C31H41N3O9: 599.6719, found:

599.6729.
LC10: Yield 80%. 1H NMR (DMSO–d6): � ¼ 8.64

(s, 1H, –C2N3H–), 8.07 (d, 2H, J ¼ 9.00 Hz, aromatic

protons), 7.90 (d, 2H, J¼ 8.70 Hz, aromatic protons),

7.33 (d, 2H, J ¼ 8.70 Hz, aromatic protons), 7.11

(d, 2H, J ¼ 8.70 Hz, aromatic protons), 5.03 (d, 1H,

J ¼ 4.80 Hz), 4.71 (d, 1H, J ¼ 5.10 Hz), 4.56 (m, 3H),

4.35 (d, 1H, J ¼ 4.80 Hz), 4.20 (d, 1H, J ¼ 7.20 Hz),

4.08 (m, 3H), 3.91 (m, 1H), 3.62 (m, 1H), 3.51 (m, 1H),

1.74 (m, 2H, –PhOCH2CH2–), 1.42–1.25 (m, 14H,

–(CH2)7CH3), 0.85 (t, 3H, J ¼ 5.70, –CH2CH3). 13C

NMR (DMSO–d6): �¼ 164.20, 163.25, 150.20, 145.56,

132.03, 128.64, 126.25, 122.49, 122.35, 120.72, 114.69,

103.43, 75.43, 73.33, 70.46, 68.16, 68.03, 67.19, 60.46,

49.80, 31.35, 29.11, 28.97, 28.75, 28.64, 28.52, 25.45,

22.14, 13.99. MALDI-TOF: 628.230 [MþH]þ. HRMS
(m/z) Calculated for C33H45N3O9: 627.7251, found:

627.7261.

LC11: Yield 85%. 1H NMR (DMSO–d6): � ¼ 8.66

(s, 1H, –C2N3H–), 8.07 (d, 2H, J ¼ 9.00 Hz, aromatic

protons), 7.90 (d, 2H, J¼ 8.70 Hz, aromatic protons),

7.33 (d, 2H, J ¼ 8.70 Hz, aromatic protons), 7.11

(d, 2H, J ¼ 9.00 Hz, aromatic protons), 5.09 (d, 1H,

J ¼ 4.80 Hz), 4.77 (d, 1H, J ¼ 5.40 Hz), 4.60 (m, 3H),
4.39 (d, 1H, J ¼ 4.50 Hz), 4.19 (d, 1H, J ¼ 6.90 Hz),

4.08 (m, 3H), 3.89 (m, 1H), 3.62 (m, 1H), 3.50 (m, 1H),

1.73 (m, 2H, –PhOCH2CH2–), 1.41–1.24 (m, 16H,

–(CH2)8CH3), 0.85 (t, 3H, J ¼ 5.70, –CH2CH3). 13C

NMR (DMSO–d6): �¼ 164.22, 163.25, 150.19, 145.56,

132.05, 128.64, 126.22, 122.49, 122.36, 120.72, 114.68,

103.43, 75.41, 73.33, 70.47, 68.16, 68.00, 67.19, 60.48,

49.80, 31.34, 29.10, 29.03, 28.97, 28.76, 28.64, 28.51,
25.44, 22.14, 13.98. MALDI-TOF: 642.331 [MþH]þ.

HRMS (m/z) Calculated for C34H47N3O9: 641.7517,

found: 641.7525.

LC12: Yield 90%. 1H NMR (DMSO–d6): � ¼ 8.65

(s, 1H, –C2N3H–), 8.07 (d, 2H, J ¼ 8.70 Hz, aromatic

protons), 7.90 (d, 2H, J¼ 8.40 Hz, aromatic protons),

7.33 (d, 2H, J ¼ 8.70 Hz, aromatic protons), 7.11

(d, 2H, J ¼ 9.00 Hz, aromatic protons), 5.08 (d, 1H,
J ¼ 4.50 Hz), 4.76 (d, 1H, J ¼ 5.10 Hz), 4.60 (m, 3H),

4.39 (d, 1H, J ¼ 4.80 Hz), 4.19 (d, 1H, J ¼ 7.20 Hz),

4.08 (m, 3H), 3.90 (m, 1H), 3.62 (m, 1H), 3.50 (m, 1H),

1.73 (m, 2H, –PhOCH2CH2–), 1.42–1.23 (m, 18H,

–(CH2)9CH3), 0.84 (t, 3H, J ¼ 5.40, –CH2CH3). 13C

NMR (DMSO–d6): �¼ 164.22, 163.24, 150.19, 145.55,

132.05, 128.65, 126.22, 122.48, 122.36, 120.70, 114.68,

103.45, 75.41, 73.34, 70.47, 68.17, 68.01, 67.19, 60.46,
49.80, 31.32, 29.10, 29.04, 29.03, 28.96, 28.76, 28.66,

28.51, 25.44, 22.13, 13.98. MALDI-TOF: 656.510

[MþH]þ. HRMS (m/z) Calculated for C35H49N3O9:

655.7783, found: 655.7793.

3. Results and discussion

3.1 Synthesis

We designed multistep reaction routes for the synthesis

of chiral amphiphilic LCs as illustrated in Scheme 1.
Hydrophilic head group was prepared using 2-azi-

doethyl-b-D-galacto-pyranoside (1) which was synthe-

sised by glycosylation of b-D-galactose pentaacetate

with 2-azidoethanol and further deprotection of acetyl

protection groups. Hydrophobic rigid core of LC
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molecules was constructed starting from 4-iodophenol

by copper–palladium catalysed cross-coupling (Sonoga-

shira–Tohda–Hagihara coupling) [52, 53] with (trime-

thylsilyl)acetylene followed by esterification with

4-alkoxybenzoic acid. Subsequently, desilylation of

the trimethylsilyl protecting group appeared to be a

convenient method to prepare the alkyne counterpart.
Finally, the target chiral amphiphilic LCs with different

alkyl chain lengths were prepared via copper(I)-catalysed

regiospecific 1,3-cycloaddition. All obtained compounds

were fully characterised by standard spectroscopic meth-

ods, from which satisfactory analysis data corresponding

to their expected molecular structures were obtained.

3.2 Mesomorphic properties of LC7–LC12

Phase transition temperatures and mesophase texture

of the chiral amphiphilic LCs were determined by a

combination of polarising optical microscopy and dif-
ferential scanning calorimetry (DSC) measurements.

Figure 1 depicts the representative DSC thermo-

grams of LC12. A melting transition at 170.6�C and a

smectic A to isotropic phase transition at 185.3�C are

observed in the first heating scan. In the cooling scan,

it displays an isotropic to smectic A phase transition at

170.7�C followed by a glass transition at 60�C. Figure

2 shows the photographs of a smectic A fan texture of
LC amphiphiles. According to the literature [54–57],

the saccharide-containing LCs always form a glassy

state on the DSC scans. As the synthesised LC com-

pounds contain a galactopyranoside chiral entity, they

are possible to form chiral smectic A phase. We utilise

optical microscopy to investigate their textures. When

the LC compounds are melted into the LC phase, an

oily-streak texture (Figure 2(c)) was produced and

homeotropic areas were bounded by the streaks [54,

55]. Cooling from the isotropic phase generates what
initially appears to be a chiral smectic A phase with

regions of focal conic fan texture and regions of not

completely black homeotropic texture. However, it is

obvious that optically extinct homeotropic regions

become even more evident on further cooling. This

optically uniaxial is possibly due to the fact that the

amphiphilic molecules adhere more to the surface of

glass slides via hydrogen bonding when further cooled
[56, 57]. Both chiral SmA and SmC phases possess

focal–conic defects. However, only SmA phase can

form a corresponding homeotropic texture. The coex-

isting presence of these two observations classifies the

mesophase as smectic A. We believe the bend imposed

Figure 1. Differential scanning thermograms for the first
heating and cooling cycle for LC12, scan rate 5�C min-1.

Figure 2. Polarised optical micrographs displayed by (a) LC7, (b) LC8, (c) LC9, (d) LC10, (e) LC11 and (f) LC12.
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by the triazole ring is so large that the effective polar

packing necessary to build up a SmC is disrupted.

Figure 2(a) and (e) show the elliptical and hyper-

bolic lines of optical characterisation of focal–conic
defects exhibited by the LC amphiphiles. These obser-

vations show that the LC phase is a chiral smectic

A (SmA*) phase [58–60].

The enthalpies for the various transitions of the

chiral amphiphilic LCs are given in Table 1. In addi-

tion, the glass transition temperatures are also given, as

these were not able to be determined accurately from

thermal optical microscopy. It is seen that increasing
the terminal chain length results in the increasing of the

smectic A*–isotropic liquid transition temperature

TSmA* (Figure 3). This shows clearly that steric factors

and the ratio of the size of the hydrophilic head group

to the hydrophilic hydrocarbon chain are much more

important in determining the thermotropic meso-

morphism of amphotropic compounds [61].

3.3 Self-assembled hierarchical superstructures
in solution

The self-assembled morphology of the chiral amphi-

philic LCs in solution was examined by field-emission

scanning electron microscopy (FESEM) and transmis-

sion electron microscopy (TEM). An interesting mor-

phological evolution was identified according to the

change of the alkenyloxy chain length. At low alkoxyl

chain length, the self-assembled morphology exhibited

a platelet-like morphology. However, helical twists

were identified once the alkoxyl chain length reached

a certain value. The LC10 amphiphile having 10
methylene units in the alkoxyl chain exhibited both

platelet-like morphology and left-handed helical

twists morphologies (Figure 4(a)), while both LC11

and LC12 containing longer alkoxyl chain length

revealed only a left-handed helical twists morphology.

It is also noted that the pitch length of the helical twists

decreases with increasing alkoxyl chain length. These

results are agreed with our previous investigation on
the sugar-containing LC molecules [47–49]. The heli-

city of the LC molecules is primarily induced by the

chiral galactopyranoside end group. However, the

helicity is amplified in the LC state because rod seg-

ments p–p interaction leads to a liquid-crystalline-like

aggregation that will stabilise the helical morphology.

Table 1. The transition temperatures and associated
enthalpies data for the chiral amphiphilic liquid crystals.

Compound Melting pointa

Clearing

temperaturea

Glass transition

temperatureb

T/�C �H/(J g-1) T/�C �H/(J g-1) T/�C

LC7 132.3 37.11 157.9 4.75 70.4

LC8 153.1 50.35 179.8 2.79 65.2

LC9 168.0 79.59 186.8 1.01 72.4

LC10 161.3 59.86 189.5 0.12 70.8

LC11 166.3 83.27 196.2 0.58 68.8

LC12 170.6 65.65 185.3 2.29 60.0

Notes: aData obtained by the differential scanning calorimetry

(DSC) first heating scan.
bData taken from the DSC first cooling scan.

Figure 3. Melting (Tm,&) and isotropisation (TSmA*,*)
temperatures of the chiral amphiphilic liquid crystals, as a
function of the carbon number of the alkyl group.

Figure 4. FESEM (left) and TEM micrographs of (a) LC10, (b) LC11, and (c) LC12 self-assembled morphologies in THF/
H2O solution.
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4. Conclusion

In summary, we have prepared for the first time chiral

amphiphilic LCs via Cu(I)-catalysed click reaction.

All compounds were identified to exhibit a chiral
smectic A phase. The self-assembling behaviour in

the dilute solution of these chiral amphiphilic liquid

crystals was investigated. The morphological transfor-

mation from a platelet-like morphology to helical

twists was obtained by increasing the length of the

hydrophobic alkoxy chain. The synthesised chiral

amphiphilic liquid crystals that will aggregate to

form helical superstructures have potential applica-
tions in optical switching and sensors devices.
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