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Eighteen two-ring and 100 three-ring benzenoid amides were synthesised using a solid-phase combinatorial method
involving acylation or benzoylation and palladium(0)-catalysed carbonylation of a secondary amine, obtained by
the reductive amination of 4-iodoaniline and a backbone amide linker. The purity of the products obtained was
high enough for investigation of their thermal properties. All the three-ring derivatives were shown to be mesomor-
phic, but the two-ring derivatives were not. The mesomorphic behaviour and the transition temperatures of the
three-ring derivatives were virtually identical to those of samples obtained by liquid-phase synthesis and purified
by column chromatography and recrystallisation.

Keywords: solid-phase combinatorial synthesis; three-ring benzenoid amides; reductive amination; palladium(0)-
catalysed carbonylation

1. Introduction

Combinatorial chemistry is a very valuable tool for
the synthesis of libraries of new compounds. It has
been utilised in a number of research fields, including
the synthesis of drugs, bioactive molecules, catalysts
and other functionalised molecules [1, 2]. By employ-
ing combinatorial chemistry in solution, a library of
liquid crystals based on fluorinated p-quaterphenyls
has been generated [3]. The use of solid-phase com-
binatorial synthesis in liquid crystals research has,
however, been limited. The present authors have previ-
ously investigated solid-phase combinatorial synthesis
to form libraries of liquid crystals containing a seven-
membered core [4], conventional rod-like structures
based on azomethine [5, 6] or isoxazole [7], as well as
banana-shaped molecules [8, 9].

In general, liquid crystals comprise a rigid core and
one or two flexible side-chains [10]. It is well known that
both mesomorphic properties and thermal behaviour
may be modified merely by changing the length of
the side-chain. After the rigid core structure has been
fixed, it is common practice to adjust the length of the
side-chain until the required mesomorphic properties
have been obtained. In practical terms, we have often
had to discard synthetic molecular design, since this
approach often takes too much time and effort for the
construction of a library of liquid crystals.

We have recently reported the solid-phase synthe-
sis of a library of seven-membered troponoid liquid
crystals, using an amide group derived from one of the

∗Corresponding author. Email: mori-a@cm.kyushu-u.ac.jp

trivalent arms of a nitrogen atom, connected to a solid
support [4]. The amide chromophore is regenerated in
troponoid amides by cleavage from the solid support
at the final stage.

One of the most important features of solid-phase
combinatorial synthesis is the selection of the linker
used to load molecules on to the solid support. The
linker should retain molecules safely on the solid
support during reactions. After the reactions are com-
pleted, the product must be quickly and efficiently
removable from the solid support without damage to
the products, by the use of a readily removable cleav-
age reagent such as trifluoroacetic acid (TFA). Ideally,
traceless linkers should be used which do not remain
in the loading site of the product. The selection of an
appropriate linker system is therefore essential for suc-
cessful synthesis, not only for producing a library of
liquid crystals but also for other synthetic targets. In
addition, reaction on a solid support has the advan-
tage of simplifying purification of the product, since
excess reactant can be readily removed by filtration.
Finally, products on the solid support can be purified
by washing with a suitable solvent.

In the present paper we describe the creation at
high purity of a new library of liquid crystals with
a benzenoid–amide structure, using solid-phase com-
binatorial synthesis and conversion without further
purification [11]. The reason for selecting two types
of two-ring benzenoid amides, 1 and 2, and a three-
ring benzenoid amide, 3, was that the nitrogen atom
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Scheme 2. Synthetic strategy for two- and three-ring benzenoids.

could be used as the connection point for the solid
support, but would not remain as the connecting site in
the final product. Finally, it would be possible to com-
pare the thermal behaviour of the benzenoid amides,
1, 2, and 3, with that of the troponoid amides (4, 5 and
6) which had been previously obtained by solid-phase
combinatorial synthesis [4] (Scheme 1).

Scheme 2 shows the synthetic plan for 1, 2, and
3 using solid-phase synthesis. 4-Iodoaniline (7) was
loaded on to a backbone amide linker (BAL) to
form a secondary amine, 8, in the presence of sodium
cyanoborohydride (NaBH3CN) by reductive amina-
tion [12]. Reaction of 8 with acyl or 4-alkoxybenzoyl
chlorides gave acylated products, 9, and benzoates, 10,
respectively. The acylated products, 9, were converted

to 11 by carbonylation with 4-alkoxyphenols under an
atmosphere of carbon monoxide in the presence of
a palladium(0) catalyst [13]. Similarly, carbonylation
of benzoates 10 with alcohols and 4-alkoxyphenols
yielded 12 and 13, respectively. Finally, cleavage of the
carbonylated products 11–13 with TFA gave the two
types of two-ring amides, 1 and 2, and the three-ring
amide, 3, respectively.

2. Results and discussion

2.1 Synthesis
Scheme 3 shows the result of loading 7 on to
BAL (D-series lantern) by reductive amination. The
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reaction conditions of Entry 2 were best. The con-
version and purity of 8 were determined by high-
performance liquid chromatography (HPLC) and esti-
mating the amount of 7 recovered after cleavage of 8
with 20% TFA in dichloromethane. Although com-
pounds 7 obtained by solid-phase synthesis were not
purified, their purity was adequate for the subsequent
reactions.

Amine 8 was reacted with acyl chlorides and
4-alkoxybenzoyl chlorides in the presence of tri-
ethylamine to give lanterns 9 and 10, respec-
tively. The conversion and purity of the result-
ing acylated and benzoylated compounds are shown

in Scheme 4. The conversion was assessed from
the amount of 4-iodo-1-alkanoylaniline (14) and
4-iodo-1-(4-alkoxybenzoyl)aniline (15) obtained after
cleavage of lanterns 9 and 10. The conversion and
purity of the acylated and benzoated products were
sufficient for the subsequent reactions.

Carbonylation of lantern 9 with 4-alkoxyphenols
in the presence of tetrakis(triphenylphosphine)palla-
dium(0) and triethylamine under an atmosphere of
carbon monoxide gave the corresponding lantern, 11,
whereas carbonylation of 10 with alcohols gave 12.
The conversion and purity of 1 and 2 were determined
after cleavage of 11 and 12, as illustrated in Scheme 5.
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Scheme 5. Carbonylation of compounds 8 and 10, and purity and melting points of 1 and 2.

Scheme 6 shows the purity of the three-ring ben-
zenoids, 3, obtained by carbonylation of 10 with
4-alkoxyphenols via cleavage of lantern 13. Although
compounds 3 were not purified by chromatography
or recrystallisation, their average purity was as high
as 95%.

2.2 Mesomorphic properties
Thermal behaviour and microscopic textures were
assessed using a polarising microscope equipped with
hot-stage. Mesomorphic properties were not observed
in the two-ring benzenoids, 1 and 2, as shown in the
tables below Scheme 5. The transition temperatures of
the three-ring benzenoid amides, 3, are summarised
in Table 1, and all the derivatives were shown to be
mesomorphic.

Typical textures are shown in Figures 1–3, together
with those of the compounds obtained by conven-
tional liquid-phase synthesis and purified by column
chromatography and recrystallisation. Compound 3
(m = n = 2) showed schlieren textures with two and

four brushes, which indicated nematic (N) phases, as
shown in Figure 1.

Compound 3 (m = 8, n = 5), shown in Figure 2,
showed homeotropic and focal–conic fan textures,
indicating smectic A (SmA) phases. Compound 3 (m =
n = 8) had two types of mesophase, as shown in
Figure 3. At the higher temperature, SmA phases with
homeotropic and focal–conic fan textures appeared.
At the lower temperature, the homeotropic and focal–
conic fan textures became schlieren and broken fan
textures, respectively; these observations support the
presence of smectic C (SmC) phases.

The side-chain length in 3 affected the appearance
of the mesophases. The length (m) of the ester side
enhanced the appearance of the SmC phase, whereas
the length (n) of the amide side promoted the SmA
phase.

Table 2 provides a comparison of the transition
temperatures of compounds 3 obtained by solid-phase
synthesis, without purification by chromatography or
by recrystallisation, and those resulting from liquid-
phase synthesis. In general, the purity of compounds
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Scheme 6. Carbonylation of compound 10, and purity (%) of 3.

in liquid crystal libraries is required to be above 99%,
which is higher than that (70–80%) for libraries of
drugs [14]. Although the average purity of 3 was only
95%, the transition temperatures determined by solid-
phase and liquid-phase synthesis were almost identi-
cal, with the result that the purity of 3 was seen to
be sufficient to allow a survey of mesomorphic com-
pounds. It also confirmed that solid-phase synthesis
allowed a saving in time and effort.

2.3 X-ray diffraction study
An X-ray diffraction (XRD) study of compound 3
(m = n = 8), which exhibited SmA and SmC phases,
was carried out and showed the layer spacing of
the SmA phase to be 35.7 Å at 220◦C, and that
of the SmC phase to be 31.2 Å at 180◦C. Since
the molecular length was calculated to be 37.6 Å
by the MM2 method, the SmA phase had a mono-
layer packing model, and the tilt angle of the SmC
phase was calculated to be about 34◦ when a mono-
layer packing model was considered. Intermolecular

hydrogen bonding is assumed to be involved in both
models.

2.4 Comparison of the thermal behaviour of
benzenoids and troponoids
As shown in Scheme 5, none of the two-ring ben-
zenoids, 1 and 2, was mesomorphic. Table 3 sum-
marises the transition temperatures of the correspond-
ing two-ring troponoids, 4 and 5 [4], which showed
SmC phases. The melting points of benzenoids, 1 and
2, were higher than those of the troponoids. This is
the result of intermolecular hydrogen bonding of the
amide groups. Although troponoids, 4 and 5, also con-
tain an amide group, in this case the amide group
exhibits intramolecular hydrogen bonding with the
neighbouring tropone carbonyl, and this disturbs the
intermolecular hydrogen bonding. These structural
characteristics of the troponoids decrease the melting
point and give rise to mesomorphic properties.

The transition temperatures of selected three-ring
benzenoids, 3, and troponoids, 6, [4] are shown in
Table 4. The thermal stability of the mesophases of 3
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Liquid Crystals 1367

Figure 1. Texture of compound 3 (m = n = 2).

Figure 2. Texture of compound 3 (m = 8, n = 5).

was higher than that of 6. Previously it was observed
that benzenoids favoured the formation of N phases,
whereas troponoids formed Sm phases [15–17]. This
is explained by the fact that troponoid core structures
are more polar than benzenoid cores, contributing to
the formation of layer structures, not only by align-
ing head-to-tail structures to cancel the dipole–dipole
repulsion of the troponoid cores, but also by inducing
more significant microphase separation than the less
polar benzenoid cores. In the case of troponoid 6, how-
ever, there is an electron-withdrawing group at the C–5
position of the tropone structure, which reduces the
polarity of its core structure, with less alignment into
head-to-tail structures and less significant microphase
separation. The thermal stability of the mesophases is
correspondingly lower than in 3.

2.5 Effect of the connecting group
Table 5 summarises the transition temperatures of
compounds 3 and 16 [18, 19], in which the direction
of the ester connecting group was different. It is seen
that the thermal stability of 3 was higher than that of

16. This is due to a difference in the acidity of the
amide hydrogen. The electron-withdrawing character
of the ester carbonyl group in 3 increased the acidity of
the amide hydrogen atom, which in turn enhanced the
strength of intermolecular hydrogen bonding, giving a
higher transition temperature.

3. Conclusions

Two- and three-ring benzenoid amides (1–3) were
produced by solid-phase synthesis in order to inves-
tigate their thermal behaviour. The thermal stabil-
ity of 3 was higher than that of the correspond-
ing troponoids, 6. The troponoid core structure has
an electron-withdrawing group in the C–5 position
and the mesophases had lower thermal stability than
the mesophases of the troponoids with an electron-
donating alkoxy group at the C–5 position.

The solid-phase synthesis successfully generated a
library of liquid crystals with high purity and conver-
sion. The mesophases of 3 obtained by solid-phase
synthesis exhibited the same phase transition, with
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Figure 3. Texture of compound 3 (m = n = 8) (colour version online).

Table 2. Comparison of transition temperatures (◦C) of 3 obtained by liquid-phase and solid-
phase synthesis.a

m n Liquid-phase Solid-phase

2 2 Cr • 244 • N • 299 • I Cr • 242 • N • 295 • I
2 5 Cr • 208 • SmA • 228 • N • 255 • I Cr • 208 • SmA • 220 • N • 250 • I
2 8 Cr • 204 • SmA • 238 • N • 244 • I Cr • 204 • SmA • 244 • N • 248 • I
5 2 Cr • 217 • SmA • 230 • N • 262 • I Cr • 211 • SmA • 224 • N • 260 • I
5 5 Cr • 194 • SmA • 232 • N • 240 • I Cr • 197 • SmA • 243 • N • 244 • I
5 8 Cr • 191 • SmC • 204 • SmA • 248 • I Cr • 189 • SmC • 202 • SmA • 241 • I
8 2 Cr • 202 • SmA • 255 • N • 256 • I Cr • 195 • SmA • 248 • N • 252 • I
8 5 Cr • 184 • SmA • 243 • I Cr • 182 • SmA • 242 • I
8 8 Cr • 180 • SmC • 188 • SmA • 237 • I Cr • 179 • SmC • 188 • SmA • 234 • I

Note: aCr: crystals, N: nematic phase, SmA: smectic A phase, SmC: smectic C phase, I: isotropic liquid.

almost identical transition temperature to the authen-
tic samples. Since the purity and conversion were
sufficient to investigate the thermal behaviour without
purification, this simplified work-up, including extrac-
tion with solvents, evaporation of the solvents, and
purification by chromatography or recrystallisation.
In order to further develop combinatorial synthesis
in the field of liquid crystals, however, an efficient
screening method will be required, as has become
well established in the fields of pharmaceutical chem-
istry, solid-state materials science and catalysis [20].

We have already constructed a simple analytical sys-
tem using light scattering to assess whether or not
liquid crystalline states are present [21].

It can be concluded that solid-phase combinato-
rial synthesis improves the efficiency of the research
process, providing compounds with sufficient purity
for the study of thermal properties and avoiding time-
consuming purification procedures. These results indi-
cate that solid-phase combinatorial synthesis is a valu-
able and convenient tool in the synthesis of new types
of liquid crystal.
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Liquid Crystals 1369

Table 3. Transition temperatures (◦C) of two-ring troponoids 4 and 5.

Table 4. Transition temperatures (◦C) of three-ring benzenoid 3 and troponoid 6.

4. Experimental

All commercially available chemicals were used with-
out further purification. The BAL was purchased
from Mimotopes Pty Ltd (Victoria, Australia). The
conversion and purity of products used in solid-
phase synthesis were determined by HPLC (Hewlett–
Packard series 1100, GL Science Inc, Inertsil ODS–
3, 4.6 × 75 mm2, 0.1% HCO2H/H2O and 0.1%

HCO2H/CH3CN) with the peak area monitored at
254 nm by UV spectroscopy. The stationary phases
for column chromatography were Wako gel C–300 and
alumina (Kishida Chemical Co Ltd) and the eluent
was chloroform. A mixture of ethyl acetate and hexane
was used for recrystallisation. Elemental analysis was
carried out at Kyushu University. NMR spectra were
measured on JEOL LA 400 spectrometer; the chemical
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Table 5. Comparison of transition temperatures (◦C) of 3 and 16.

shifts are expressed in δ units. Mass spectra mea-
surement conditions were Electrospray–TOF MS on
a Mariner TK 3500 biospectrometer. Transition tem-
peratures were measured using a differential scanning
calorimeter (Seiko DSC 200) at a scanning rate of
5◦C min–1, and the mesomorphic phase was observed
by means of a polarising microscope (Olympus
BHSP BH–2) equipped with hot-stage (Linkam TH–
600RMS). X-ray powder diffraction measurements
were carried out using the Rigaku Rint 2100 system
using Ni-filtered Cu–K radiation at a range of temper-
atures, controlled with a Linkam HFS–91 hot-stage.

4.1 Loading of 4-iodoaniline on BAL
Six pieces of BAL (D–series lantern, 35 μmol), pre-
viously swollen in dimethyl formamide (DMF) for
20 min, were placed in a bottle to enable reaction
with 4-iodoaniline (7; 329 mg, 1.5 mmol), and 0.05
M NaBH3CN (9.43 mg, 0.15 mmol) in DMF (3
ml) containing 1% acetic acid, at 60◦C over 34 h.
After the solution had been removed by decantation,
lanterns, 8, were washed with DMF (5 min × 3) and
dichloromethane (5 min × 3), and dried under reduced
pressure. After a piece of lantern 8 was reacted in
dichloromethane containing 20% TFA for 1 h, the sol-
vent was removed to yield 4-iodoaniline. The loading
quantity of 7 on lantern 8 was determined as 41% at
99% purity. The conversion is shown in the table in
Scheme 3.

4.2 Solid-phase acylation
Four pieces of lantern 8, previously swollen in DMF
for 20 min, were placed in a vital bottle to react
with 0.3 M hexanoyl chloride (0.9 mmol) in a mixture
(3 ml) of dichloromethane containing 0.5 M triethy-
lamine (209 μl, 1.5 mmol) at room temperature for 17

h. After the solution had been removed by decanta-
tion, lanterns 9 (n = 5) were washed in turn with
dichloromethane (3 min × 5), THF (5 min × 2,
overnight × 1), a 1 : 1 mixture of acetic acid and
water (5 min × 3, at 60◦C), a 1 : 9 mixture of tri-
ethylamine and THF (5 min × 3), a 1 : 1 mixture of
THF and water (5 min × 3), THF (5 min × 3), toluene
(5 min × 3) and dichloromethane (5 min × 3), and
dried under reduced pressure. After a piece of lantern
9 (n = 5) was reacted in dichloromethane containing
20% TFA for 1 h at room temperature, the solvent was
removed to yield 4-iodo-1-hexanoylaniline (14, n = 5).
The other lanterns 9 (n = 9 and 13) were synthesised
similarly. The loading and purity were determined and
are summarised in the table in Scheme 4.

4.3 Solid-phase benzoylation
Eleven pieces of lantern 8, previously swollen in DMF
for 20 min, were placed in a vital bottle to react
with 0.3 M 4-methoxybenzoyl chloride (2.1 mmol) in
a mixture (7 ml) of dichloromethane and 0.5 M tri-
ethylamine (488 μl, 3.5 mmol) at room temperature
for 17 h. After similar work-up to that for lantern
10 (n = 1), 4-iodo-1-(4-methoxybenzoyl)aniline (15,
n = 1) was obtained. The other lanterns 10 (n = 2–
10) were synthesised similarly. The loading and purity
were determined and are summarised in the table in
Scheme 4.

4.4 Solid-phase carbonylation on solid support
4.4.1 4-Alkoxyphenyl 4-(alkylcarbonylamino)
benzoates (1)

Three pieces of lantern 9 (n = 2), previously swollen
in DMF for 20 min, were separately placed in three
test tubes. Each test tube contained a solution in DMF
(4 ml) of 0.5 M one of the 4-alkoxyphenols (m = 4, 8 or
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12) (2.0 mmol), 0.5 M triethylamine (279 μl, 2.0 mmol)
and 0.01 M tetrakis(triphenyphosphine)palladium(0)
(46.3 mg, 0.04 mmol). The three test tubes were placed
in an autoclave under carbon monoxide (10 atm) and
heated at 60◦C for 75 h. After a similar work-up to that
described above, compounds 1 (m = 4, n = 2; m = 8,
n = 2; m = 12, n = 2) were obtained. The other com-
pounds 1 (m = 8, n = 2, 5 or 8; m = 12, n = 2, 5 or 8)
were synthesised similarly. The conversion and purity
were determined and summarised in Scheme 5.

4.4.2 Alkyl 4-(4-alkoxybenzoylamino)benzoates (2)

Similarly, alkyl 4-(4-alkoxybenzoylamino)benzoates
(2) were obtained from lantern 10 (n = 2, 5 or 8). The
conversion and purity are summarised in Scheme 5.

4.4.3 Synthesis of 4-alkoxyphenyl 4-(4-alkoxy-
benzoylamino)benzoates (3)

Ten pieces of lantern 10 (n = 1), previously swollen
in DMF for 20 min, were placed separately in test
tubes. Each test tube contained a DMF solution (8
ml) of 0.5 M, one of the 4-alkoxyphenols (n = 1–10,
4.0 mmol), 0.5 M triethylamine (557 μl, 4.0 mmol),
and 0.01 M tetrakis(triphenyphosphine)palladium(0)
(92.5 mg, 0.08 mmol). The ten test tubes were placed
in an autoclave under carbon monoxide (10 atm) and
heated at 60◦C for 75 h. After the usual work-up,
each piece of lantern 13 was reacted individually in
dichloromethane containing 20% TFA for 1 h, and the
solvent removed to give the final product. The other 4-
alkoxyphenyl 4-(4-alkoxybenzoylamino)benzoates (3)
were similarly synthesised. The purity of 3 is sum-
marised in Scheme 6.

4.5 Liquid-phase synthesis of 4-iodo-1-(4-alkoxy-
benzoyl)anilines (15)

4-Pentyloxybenzoyl chloride (621 mg, 2.74 mmol) was
added to a pyridine solution (3 ml) of 4-iodoaniline
(400 mg, 1.83 mmol) in the presence of a catalytic
amount of 4-dimethylaminopyridine, and the solution
was stirred at room temperature for 2 h. After 2 M HCl
solution had been added to the mixture in an ice bath,
the reaction mixture was extracted with ethyl acetate.
The organic layer was washed in turn with 2 M HCl, a
saturated solution of sodium bicarbonate and a satu-
rated solution of NaCl, before drying over magnesium
sulphate. After removing the solvent the residue was
recrystallised to give compound 15 (n = 5):

Colourless crystals, m.p. 221◦C, yield 639 mg (86%).
1H NMR (CDCl3) δ 0.94 (3H, t, J = 7.5 Hz), 1.43

(4H, m), 1.82 (2H, quin, J = 7.5 Hz), 4.02 (2H, t,

J = 7.5 Hz), 6.96 (2H, d, J = 8.6 Hz), 7.43 (2H,
d, J = 8.6 Hz), 7.66 (2H, d, J = 8.6 Hz), 7.68 (1H,
br s), 7.81 (2H, d, J = 8.6 Hz).

13C NMR (DMSO–d6) δ 13.89, 21.85, 27.63, 28.24,
67.71, 86.90, 114.01 (2C), 122.36 (2C), 126.45,
129.59 (2C), 137.15 (2C), 139.22, 161.42, 164.91.

Elemental analysis. Found: C, 52.91; H, 4.90; N,
3.41%; calculated for C18H20INO2: C, 52.83; H,
4.93; N, 3.42%.

Compound 15 (n = 2):
Colourless crystals, m.p. 248◦C, yield 89%.
Elemental analysis. Found: C, 49.15; H, 3.82; N,

3.83%; calculated for C15H14INO2: C, 49.07; H,
3.84; N, 3.82%.

Compound 15 (n = 8):
Colourless crystals, m.p. 200◦C, yield 83%.
Elemental analysis. Found: C, 56.00; H, 5.81; N,

3.07%; calculated for C21H26INO2: C, 55.88; H,
5.81; N, 3.10%.

4.6 Liquid-phase synthesis of 4-alkoxyphenyl
4-(4-alkoxybenzoylamino)benzoates
4.6.1 4-Ethoxyphenyl 4-(4-ethoxybenzoylamino)
benzoate, 3 (m = n = 2)

A solution in 5 ml DMF of 4-iodo-1-(4-
ethoxybenzoyl)aniline, 15 (n = 2) (100 mg, 0.272
mmol), 4-ethoxyphenol (45.2 mg, 0.33 mmol), tetrakis
(triphenyphosphine)palladium(0) (31.5 mg, 0.027
mmol) and triethylamine (55 mg, 0.54 mmol) was
placed in an autoclave under carbon monoxide (5 atm)
and heated at 60◦C for 75 h. After 2 M hydrochloric
acid was added to the reaction mixture, the resulting
precipitate was filtered off. The precipitate was chro-
matographed on a silica gel and alumina column to
give compound 3 (m = n = 2):

Colourless crystals, m.p. 244◦C, yield 67 mg (61%).
1H NMR (DMSO–d6) δ 1.34 (3H, t, J = 7.0 Hz),

1.37 (3H, t, J = 7.0 Hz), 4.04 (2H, q, J = 7.0 Hz),
4.13 (2H, q, J = 7.0 Hz), 6.98 (2H, d, J = 8.9 Hz),
7.07 (2H, d, J = 8.9 Hz), 7.18 (2H, d, J = 8.9 Hz),
7.98 (2H, d, J = 8.9 Hz), 8.01 (2H, d, J = 8.9 Hz),
8.10 (2H, d, J = 8.9 Hz), 10.46 (1H, s).

Elemental analysis. Found: C, 70.25; H, 5.70; N,
3.47%; calculated for C24H23NO5: C, 71.10; H,
5.72; N, 3.45%.

Compound 3 (m = 2, n = 5):
Colourless crystals, m.p. 208◦C, yield 92%.
Elemental analysis. Found: C, 72.10; H, 6.48; N,

3.10%; calculated for C27H29NO5: C, 72.46; H,
6.53; N, 3.13%.
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Compound 3 (m = 2, n = 8):
Colourless crystals, m.p. 204◦C, yield 96%.
Elemental analysis. Found: C, 73.38; H, 7.20; N,

2.95%; calculated for C30H35NO5: C, 73.60; H,
7.21; N, 2.86%.

Compound 3 (m = 5, n = 2):
Colourless crystals, m.p. 217◦C, yield 93%.
Elemental analysis. Found: C, 72.19; H, 6.51; N,

3.15%; calculated for C27H29NO5: C, 72.46; H,
6.53; N, 3.13%.

Compound 3 (m = n = 5):
Colourless crystals, m.p. 194◦C, yield 94%.
Elemental analysis. Found: C, 73.44; H, 7.19; N,

2.90%; calculated for C30H35NO5: C, 73.59; H,
7.21; N, 2.86%.

Compound 3 (m = 5, n = 8):
Colourless crystals, m.p. 191◦C, yield 95%.
Elemental analysis. Found: C, 74.41; H, 7.74; N,

2.64%; calculated for C33H41NO5: C, 74.55; H,
7.77; N, 2.63%.

Compound 3 (m = 8, n = 2):
Colourless crystals, m.p. 202◦C, yield 96%.
Elemental analysis. Found: C, 73.41; H, 7.19; N,

2.92%; calculated for C30H35NO5: C, 73.60; H,
7.21; N, 2.86%.

Compound 3 (m = 8, n = 5):
Colourless crystals, m.p. 184◦C, yield 95%.
Elemental analysis. Found: C, 74.46; H, 7.76; N,

2.70%; calculated for C33H41NO5: C, 74.55; H,
7.77; N, 2.63%.

Compound 3 (m = n = 8):
Colourless crystals, m.p. 180◦C, yield 95%.
Elemental analysis. Found: C, 75.26; H, 8.23; N,

2.50%; calculated for C36H47NO5: C, 75.36; H,
8.26; N, 2.44%.

References

[1] Tuinstra, H.E.; Cummins, C.H. Adv. Mater. 2000, 23,
1819–1822.

[2] Dolle, R.E.; Le Bourdonnec, B.; Goodman, A.J.;
Morales, G.A.; Thomas, C.J.; Zhang, W.J. Comb. Chem.
2009, 11, 739–790.

[3] Deeg, O.; Bäuerle, P. Org. Biomol. Chem. 2003, 1, 1609–
1624.

[4] Hashimoto, M.; Mori, A.; Inoue, H.; Nagamiya, H.;
Doi, T.; Takahashi, T. Tetrahedron Lett. 2003, 44, 1251–
1254.

[5] Hioki, H.; Fukutaka, M.; Takahashi, H.; Kodama, M.;
Kubo, K.; Ideta, K.; Mori, A. Tetrahedron Lett. 2004,
45, 7591–7594.

[6] Hioki, H.; Fukutaka, M.; Takahashi, H.; Kubo, M.:
Matsushita, K.; Kodama, M.; Kubo, K.; Ideta, K.;
Mori, A. Tetrahedron 2005, 61, 10643–10651.

[7] Tanaka, M.; Haino, T.; Ideta, K.; Kubo, K.; Mori, A.;
Fukazawa, Y. Tetrahedron 2007, 63, 652–665.

[8] Yoshida, M.; Doi, T.; Kang, S.; Watanabe, J.;
Takahashi, T. Chem. Commun. 2009, 2756–2758.

[9] Kang, S.; Thisayukta, J.; Takezoe, H.; Watanabe, J.;
Ogino, K.; Doi, T.; Takahashi, T. Liq. Cryst. 2004, 31,
1323–1336.

[10] Demus, D.; Goodby, J.; Gray, G.W.; Spiess, H.-W.;
Vill, V. Handbook of Liquid Crystals; VCH: Weinheim,
1998.

[11] Mori, A.; Akahoshi, I.; Hashimoto, M.; Doi, T.;
Takahashi, T. Tetrahedron Lett. 2004, 45, 813–815.

[12] Sato, S.; Sakamoto, T.; Miyazawa, E.; Kikugawa, Y.
Tetrahedron 2004, 60, 7899–7900.

[13] Takahashi, T.; Inoue, H.; Tomida, S.; Doi, T.; Bray,
A.M. Tetrahedron Lett. 1999, 40, 7843–7846.

[14] Deeg, O.; Kirsch, P.; Pauluth, D.; Bäuerle, P. Chem.
Commun. 2002, 2762–2763.

[15] Mori, A.; Taya, H.; Uchida, M.; Takeshita, H. Chem.
Lett. 1996, 25, 699–700.

[16] Hashimoto, M.; Ujiie, S.; Mori, A. Chem. Lett. 2000,
29, 758–759.

[17] Mori, A.; Hashimoto, M.; Ujiie, S. Liq. Cryst. 2008, 35,
1109–1128.

[18] Kalyvas, V.; McIntyre, J.E. Mol. Cryst. Liq. Cryst.
1982, 80, 105–118.

[19] Mori, A.; Itoh, T.; Taya, H.; Kubo, K.; Ujiie, S.;
Baumeister, U.; Diele, S.; Tschierske, C. Liq. Cryst.
2010, 37, 355–368.

[20] Schiedel, M.S.; Briehn, C.A.; Baüerle, P. J. Organomet.
Chem. 2002, 653, 200–208.

[21] Tsuji, T.; Kubo, K.; Mori, A; Nishimura, Y. Talanta
2001, 55, 485–490.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


