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Unsymmetric functionalization of 5-bromo-2,2 ¾ -bipyridine and 5,5 ¾ -dibromo-2,2 ¾ -bipyridine
with 4-n-alkoxyphenylethynyl leads to two new families of mesomorphic compounds. The
smectic B, smectic A and nematic phases observed were studied by polarizing optical micro-
scopy, diŒerential scanning calorimetry and X-ray diŒraction. The structural parameters of
the smectic phases were determined. The internal structure of the smectic phases, particularly the
range of the in-layer ordering of the molecules, was investigated as a function of temperature.

1. Introduction metrical scaŒfoldings will not only prove to be capable
of performing new functions on a molecular level, butOligopyridine frameworks (bipyridine, phenanthroline ,
will also have the ability to form rationally designedterpyridine…) are well known in coordination chemistry
nanoscopic structures of prede� ned and predictableto be powerful ligands towards almost any transition
shapes and sizes [9].metal in diŒerent oxidation states [1]. These ligands are

The present paper deals with the synthesis of twoideally suited for the construction of luminescent com-
homologous series of unsymmetrical bipyridine ligandsplexes and in the design of new optoelectronic devices
and the study of their mesomorphic behaviour in the[2, 3]. On the other hand, metal-containing liquid
pure state. The compounds considered are 5-(4-alkyloxy-crystals have recently attracted considerable attention
phenylethynyl)-2,2¾ -bipyridine (abbreviated to n-ROPE-H,for their potential optical and magnetic properties and
4a–f ) and 5-bromo,5¾ -(4-alkyloxyphenylethyny l)-2,2 ¾ -there is some hope of manufacturing these new materials
bipyridine (abbreviated to n-ROPE-Br, 5a–f ).into useful devices [4]. Over the last few years, a few

examples of symmetrical polyimine-based liquid crystal-
line ligands and metallomesogens have been reported
in the literature [5–7]. Surprisingly, only two examples
of unsymmetrical ligands have, to our best knowledge,
been reported in the literature; mesogenic by themselves
[8], these proved however incapable of producing liquid
crystals after complexation with a variety of transition
metals (Pd, Fe, Mn, Mo…). To � ll this gap, we thought
it of interest to synthesize additional unsymmetrical
ligands with a view to testing their ability to form liquid
crystals � rstly by themselves and eventually after com-
plexation. In the light of the remarkable coordination
and electronic properties of the bipyridine subunit, it is
tempting to conclude that, at least in the future, unsym-
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1654 A. El-Ghayoury et al.

2. Synthesis and characterization 3. Results and discussion
The thermotropic liquid crystalline behaviour of theThe n-ROPE-H (4a–f ) and n-ROPE-Br (5a–f ) com-

pounds were synthesized by Pd(0)-catalysed cross-coupling n-ROPE-H and n-ROPE-Br compounds was investi-
gated using diŒerential scanning calorimetry (Perkin-between 5-bromo-2,2 ¾ -bipyridine (1 ) or 5,5 ¾ -dibromo-

2,2 ¾ -bipyridine (3) and 4-n-alkyloxypheny lacetylene (2a–f ), Elmer DSC7, heating and cooling rates of 5 K min Õ 1 ),
polarizing optical microscopy (Leitz-Orthoplan, Mettleraccording to schemes 1 and 2. The starting compounds

1, 3 and 2a–f were prepared as described in the literature FP82 hot stage) and X-ray diŒraction (XRD) (Guinier
focusing camera, CuK

a1
radiation, powder samples[10, 11].

The compounds 4a–f were prepared in excellent yields in Lindemann capillaries, INSTEC hot stage, INEL
CPS-120 curved position-sensitive detector). For the(c. 90% after puri� cation) using a slight excess of 2a–f

with respect to 1. During the synthesis of the 5a–f com- sake of simplicity, the results obtained are immediately
summarized in � gures 1 and 2.pounds, care was taken to avoid double cross-coupling

reactions by using stoichiometric amounts of reagents The DSC thermograms, registered upon heating and
subsequent cooling, showed the presence of sharp peaksand lower concentrations of the Pd(0) catalyst; yields

were then rather modest (c. 35% after puri� cation). All
compounds synthesized were characterized by elemental
analysis, IR, 1H, 13C{1H} NMR, and FAB-MS. Their
purity was shown to be over 99%. The presence of an
unsymmetrical ethynyl bridging group was con� rmed
by the presence of two signals in the 13C{1H} NMR in
the range 85–94 ppm and one absorption peak around
2210 cm Õ 1 in the IR spectra. All spectroscopic data are
in keeping with the proposed molecular structures.

Figure 1. Transition temperatures of the n-ROPE-H com-
pounds as a function of the number of carbon atoms in
the alkyl chains (I 5 isotropic liquid, N 5 nematic phase,
A 5 smectic A phase, B 5 smectic B phase, Cr 5 crystal
phase).

Scheme 1.

Figure 2. Transition temperatures of the n-ROPE-Br com-
pounds as a function of the number of carbon atoms in
the alkyl chains (I 5 isotropic liquid, N 5 nematic phase,
A 5 smectic A phase, B 5 smectic B phase, Cr 5 crystal

Scheme 2. phase).
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1655T hermotropic 2,2 ¾ -bipyridine L Cs

indicative of � rst order phase transitions. Corresponding 6-ROPE-Br and 8-ROPE-Br into a threaded texture).
to the disordering of the alkyl chains, the melting of the The formation of the smectic A phases was attested by
crystal into a nematic, a smectic A or a smectic B phase the appearance of bâtonnets merging into wide fan-like,
involves a signi� cant enthalpy change ranging from focal-conic textures. In the particular case of 16-ROPE-H,
about 40 to 90 J g Õ 1. The reverse transition, induced the isotropic to smectic A phase transition involves a
by cooling, takes place with a strong hysteresis of about transient nematic phase. Both schlieren and focal-conic
10 to 30 ß C. For n-ROPE-H (n < 12) and n-ROPE-Br textures form and evolve steadily into homeotropy, thus
(n < 14), apart from the n 5 6 derivatives, this transition revealing the uniaxial character of the phases involved.
proceeds through an additional monotropic smectic B The transformation of smectic A into smectic B was
phase. The other transitions, occurring between two easily detected by the appearance of mosaic textures for
liquid crystal phases or between a liquid crystal and the n-ROPE-H and of faintly striated focal-conic textures
isotropic liquid, take place with hardly any hysteresis for n-ROPE-Br. The uniaxial character of the smectic B
and involve rather small enthalpy changes: ~2 J g Õ 1 for was ascertained by encouraging homeotropy using glass
nematic to isotropic, ~4 J g Õ 1 for smectic A to nematic, plates treated with octadecyltrichlorosilane. The formation
~3 J g Õ 1 for smectic B to smectic A, and ~15 J g Õ 1 for of smectic A starting from a homeotropic nematic phase
smectic A to isotropic. The transition temperatures of is revealed by the emergence of narrow focal-conic
the compounds ROPE-H and ROPE-Br are gathered fringes between wide homeotropic domains.
in tables 1 and 2. The structures of all the liquid crystal phases were

The optical textures observed upon slow cooling from de� nitely established using (XRD). The smectic A structure
the isotropic melt clearly showed the existence of the was characterized by patterns containing one or two
phases mentioned above (� gures 1 and 2). The formation sharp, equidistant re� ections in the small angle region,
of the nematic phases was indicated by the appearance related to the smectic layering, and a broad band in the
of birefringent droplets coalescing to form two- and wide angle region, related both to the disordered con-
four-brush schlieren textures (rapidly transforming for formation of the alkyl chains and the liquid-like lateral

correlations of the aromatic cores within the layers; see

� gure 3 (a). The smectic B structure was characterizedTable 1. Phase transitions ( ß C) of the n-ROPE-H compounds
4a–f (I 5 isotropic liquid, N 5 nematic phase, A 5 smectic A by patterns containing an additional narrow band in
phase, B 5 smectic B phase, Cr 5 crystal phase). the wide angle region, related to the hexagonal lateral

packing of the aromatic cores inside the layers; see
Compound Transitions

� gure 3 (b). Finally, the nematic phase was characterized
by X-ray patterns devoid of sharp re� ections, in which

4a; n 5 6 Cr ¾ ¾ ®84 N ¬ ¾ ®98 I
the broad small angle band is related to the presence of

4b; n 5 8 Cr ¾ ¾ ®81 N ¬ ¾ ®106 I cybotactic � uctuations; see � gure 3 (c).
4c; n 5 10 Cr ¾ ¾ ®82 A ¬ ¾ ®97 N ¬ ¾ ®108 I Measured from the angular position of the sharp small

angle re� ections, the spacings of the smectic A and4d; n 5 12 Cr ¾ ¾ ®87 A ¬ ¾ ®101 N ¬ ¾ ®107 I
smectic B phases were found to be virtually independent

4e; n 5 14 Cr ¾ ¾ ®80 B ¬ ¾ ®89 A ¬ ¾ ®105 I
of temperature, their relative thermal expansion coe� cient

4f; n 5 16 Cr ¾ ¾ ®85 B ¬ ¾ ®89 A ¬ ¾ ®106 I being only (qd/qT )/d# 1 3 Ö 10 Õ 4 K Õ 1 and unsigni� cant
for all practical purposes. The spacings did not change

perceptibly at the transition from smectic B to smectic A
Table 2. Phase transitions ( ß C) of the n-ROPE-Br compounds (� gure 4), indicating that the structures of the two

5a–f (I 5 isotropic liquid, N 5 nematic phase, A 5 smectic A phases are globally similar and of the well known single
phase, B 5 smectic B phase, Cr 5 crystal phase).

layered smectic type, in which the spacings found com-

pare well with the length of the molecules in an all-transCompound Transitions

fully extended conformation (estimated by molecular
modelling, using PC Spartan Plus software) (� gures 55a; n 5 6 Cr ¾ ¾ ®140 A ¬ ¾ ®187 N ¬ ¾ ®215 I
and 6). Standing upright in a head to tail interdigitated

5b; n 5 8 Cr ¾ ¾ ®129 A ¬ ¾ ®192 N ¬ ¾ ®202 I
con� guration, the aromatic cores of the molecules are

5c; n 5 10 Cr ¾ ¾ ®116 A ¬ ¾ ®189 I arranged in single layers separated by the alkyl chains
5d; n 5 12 Cr ¾ ¾ ®120 A ¬ ¾ ®188 I in a disordered conformation (� gure 7). It is fair to

note that, strictly speaking, the smectic layers of the5e; n 5 14 Cr ¾ ¾ ®118 A ¬ ¾ ®185 I
n-ROPE-Br derivatives slightly exceed the length of the

5f; n 5 16 Cr ¾ ¾ ®110 B ¬ ¾ ®120 A ¬ ¾ ®176 I
molecules, by about 1 AÊ . Very likely, the small extra
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1656 A. El-Ghayoury et al.

Figure 4. Temperature dependence of the smectic period of
12-ROPE-Br in the smectic A and smectic B states. Data
were collected upon heating (solid circles) and subsequent
cooling (open circles) of the samples.

Figure 5. Variation of the smectic period of n-ROPE-H in
the smectic A state at 95 ß C (open triangles) and smectic B
state at 82 ß C (solid triangles) as a function of the number
of carbon atoms in the alkyl chains. The dashed line
represents the length of the molecules in a fully extended
conformation, estimated by molecular modelling.

for n-ROPE-H, and d (AÊ ) 5 20.9 Ô 0.8 1 1.33 Ô 0.07 n for
Figure 3. X-ray diŒraction patterns (a) of 14-ROPE-Br in n-ROPE-Br (as deduced from a least squares linear � t

the smectic A state at 126 ß C, (b) of 16-ROPE-Br in the
of the experimental data) . Analytically expressed by thesmectic B state at 110 ß C, and (c) of 8-ROPE-H in
equation d 5 V /s 5 (V0 1 nVCH2 )/s (where s is the cross-the nematic state at 97.5 ß C.
sectional area of the aromatic cores, while V , VCH2 and
V0 represent the respective volumes of one molecule,
one methylene group and one molecule deprived of allthickness originates in the fact that, owing to van der

Waals interactions, the aromatic cores are slightly shifted its methylene groups) , the linear behaviour of d versus
n suggests that s is indeed independent of n. Fromalong their axes to allow the highly polarizable bromines

to bury themselves deeper inside the aromatic layers. the slope of the corresponding straight lines and the
known value of VCH2 at the appropriate temperatureCorresponding with the size of the molecules, the

smectic periods increase linearly with the number n of (VCH2
5 25.93 1 2.076 Ö 10 Õ 2 T( ß C)AÊ 3 [12]), one may easily

calculate [13] the cross-sectional area of the aromaticcarbon atoms in the alkyl chains (� gures 5 and 6),
according to the equations: d (AÊ ) 5 17.9

Ô 1.2 1 1.32
Ô 0.09

n cores. The values found are: 21 Ô 1 AÊ 2 for n-ROPE-H in
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1657T hermotropic 2,2 ¾ -bipyridine L Cs

necessity con� ned to a simple evaluation of the temper-
ature dependence of the in-layer ordering of the molecules
on a qualitative basis. A least squares double Lorentzian
� t of the experimental data shows that the wide angle
scattering of the smectic B and smectic A phases results
from the superposition of two distinct rings, one diŒuse
ring related to the disordered conformation of the alkyl
chains and one more or less narrow ring related to
the hexagonal packing of the aromatic cores inside the
smectic layers (� gure 8). The width of the latter ring
allows a rough estimate of the correlation length j of
the in-plane positional ordering of the molecules to
be made. Plotted as a function of temperature, the j
value decays steadily with increasing temperature, falling

Figure 6. Variation of the smectic period of n-ROPE-Br in
the smectic A state at 160 ß C (open triangles) and smectic B
state at 120 ß C (solid triangles) as a function of the number
of carbon atoms in the alkyl chains. The dashed straight
line represents the length of the molecules in a fully
extended conformation, estimated by molecular modelling.
The solid straight line describes the n-dependence of the
smectic periods as determined by a least squares linear � t
of the experimental data.

Figure 7. Schematic representation of the single-layered
smectic A or B structure of n-ROPE-H (left) and
n-ROPE-Br (right). For simplicity, the disordered alkyl
chains are depicted by wavy lines, the aromatic cores by
rectangles, and the bromo substituents by grey circles.

the smectic A state at 95 ß C and in the smectic B state
at 82 ß C, 22 Ô 1 AÊ 2 for the smectic A of n-ROPE-Br at
160 ß C, and 21 Ô 1 AÊ 2 for the smectic B of n-ROPE-Br
at 120 ß C. These values agree well with that (21.4 AÊ 2 )
determined for all the smectic B phases from the spacing
(4.30 AÊ ) of the sharp wide angle re� ection.

In an attempt to get a deeper insight into the internal
structure of the smectic layers and into the phase
transitions observed from smectic B to smectic A, the
pro� le of the wide angle X-ray scattering signals was
analysed as a function of temperature. Normally, because

(a)

(b)
of the three-dimensional extension of the signals in

Figure 8. Pro� le of the X-ray scattering in the wide anglereciprocal space, such a study requires the use of well
region of the diŒraction patterns of 14-ROPE-Br (a) in

oriented samples and high-resolution X-ray techniques. the smectic B state at 110 ß C and (b) in the smectic A state
As only powder patterns were available in the present at 128 ß C, as analysed by a least squares double-Lorentzian

� t of the experimental data.work for practical reasons, our investigation was of
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1658 A. El-Ghayoury et al.

abruptly at the transition from smectic B to smectic A 4. Concluding remarks
In the present work, two series of unsymmetrica l meso-(� gure 9). Apparently, j decreases in a linear fashion for

smectic B from about 370 to 67 AÊ , while it decreases genic compounds involving the 2,2 ¾ -bipyridine frame-
work, were synthesized. In one of them, the moleculesexponentially for smectic A from 30 to 20 AÊ . Whatever

its theoretical basis, the disordering of the aromatic end in a bromo substituent which is available for future
use in the synthesis of other novel mesogenic compoundscores in the smectic B and smectic A phases increases

practically continuously with temperature, except for a designed to display properties that are deemed useful.
In the other, the molecules have no terminal group,small jump at the � rst order phase transition from

smectic B to smectic A; this is very weak as witnessed which is rare enough to be noted. It is of interest to add
that, in this particular series the nematic phase is presentby the small enthalpy change involved.

According to theory, there are only two distinct types for all the compounds investigated whatever the length
of their alkyl chains. Finally, the range of the in-layerof B phase [14]. In crystal B, the layers superposed are

two-dimensional crystals; owing to their (weak) inter- ordering of the molecules in the smectic B phases
decreases considerably with increasing temperature, toactions, they are positionally locked together to form a

three-dimensional crystal. In hexatic B (a true smectic), reach values well below 100 AÊ near the smectic A phase.
the layers are two-dimensional hexatics, with short range
positional and long range orientational correlations of

5. Experimental
the molecules; owing to their negligible positional inter-

All reactions were carried out under argon in
actions, they are free to slide on top of one another, but

Schlenk-type � asks. The propylamine and di-isopropyl-
yet able to preserve a common orientation in three-

amine used as solvents were distilled over KOH under
dimensional space. In the present work, the existence

argon. Infrared spectra were recorded in the region
of a three-dimensional crystal lattice is denied by the

4000–400 cm Õ 1 using an FTIR Bruker IFS-66 spectro-
experimental evidence collected: absence of extra side

photometer. 1H (200.1 MHz) and 13C{1H} (50.3 MHz)
re� ections in the wide angle region—see � gure 8 (a)—

NMR spectra were recorded at room temperature with
and dramatic widening with increasing temperature of

a FT Bruker AC-200 instrument, using deuteriated
the wide angle re� ection from the in-layer ordering of the

chloroform as a solvent and internal standard: d (H)
molecules. There is no other option, therefore, but to

are in ppm relative to residual protiated solvent (7.26)
consider the B phases studied here as hexatic smectic B

and d (C) in ppm are relative to CDCl3 (77.03). Fast
in nature, even though all attempts to reveal a charac-

atomic bombardment (FAB, positive mode) spectra were
teristic six-fold modulation of the wide angle re� ection,

recorded using a ZAB-HF-VB-analytical apparatus and
using the ‘freely suspended thin � lm’ technique [15],

m-nitrobenzylalcohol (m-NBA).
were totally unsuccessful.

5.1. 5-(4-Hexyloxyphenylethyny l)-2,2¾ -bipyridine (4a)
5-Bromo-2,2¾ -bipyridine (0.20 g, 0.85 mmol), 1-ethynyl-

4-hexyloxybenzene (2a) (0.207 g, 1.02 mmol ), and
[Pd(PPh

3
)
4
] (0.030 g; 3 mol %) were dissolved in argon-

degassed n-PrNH
2

(15 ml ). The yellow solution was
heated at 60 ß C for 3 days. After evaporation of the
solvent, the residue was puri� ed by � ash chromato-
graphy (silica gel column, elution with a gradient of
hexane/CH2Cl2 : 95/5 to 40/60 v/v) and recrystallized
from CH

2
Cl

2
/hexane. Yield: white powder (0.28 g, 93%).

R
f

5 0.3 (CCM, SiO2 , hexane/CH2Cl2 , 50/50 v/v).

1H NMR (200.1 MHz, CDCl3 , 25 ß C): d 5 8.79 ppm
(d, 4J (H,H) 5 1.5 Hz, 1H), 8.67 (broad d, J (H,H) 5 4.0 Hz,
in reality ddd corresponding to 3J 1 4J 1 5J, 1H), 8.41
(m, 2H), 7.89 (dd, 3J (H,H) 5 8.2 Hz, 4J (H,H) 5 2.1 Hz,
1H), 7.79 (dd, 3J (H,H) 5 7.8 Hz, 4J (H,H) 5 1.8 Hz, 1H),
7.28 (m, 1H), 7.17 (AB system, J (AB) 5 8.9 Hz, Dn 5

Figure 9. Temperature dependence of the correlation range 123.0 Hz, 4H), 3.93 (t, 3J (H,H) 5 6.4 Hz, 2H, OCH2 ),
of the in-plane hexagonal packing of the 14-ROPE-Br

1.77 (m, 2H, CH2 ), 1.34 (m, 6H), 0.90 (t, 3J (H,H) 5molecules in the smectic B and smectic A states, as
6.4 Hz, 3H, CH3 ). 13C {1H} NMR (50.3 MHz, CDCl3 ,estimated by the least squares double Lorentzian � t of

the experimental data shown in � gure 8. 25 ß C): d 5 159.55, 155.43, 154.29, 151.35, 149.15, 139.00,
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1659T hermotropic 2,2 ¾ -bipyridine L Cs

136.80, 133.42, 123.71, 121.18, 120.63, 120.18, 114.49, (m), 1461 (m), 1294 (m), 1253 (s), 1111 (s), 1021 (w), 828
114.27 (C-aromatics) , 93.76 (C C), 85.01 (C C), 67.96 (m). FAB+-MS (m-NBA): [M 1 H]+ (% rel. int.): 413.2
(OCH

2
), 31.47 (CH

2
), 29.04 (CH

2
), 25.58 (CH

2
), 22.50 (100). Elemental analysis, calc. (found) for C28H32N2O

(CH2 ), 13.97 (CH3 ). FTIR (KBr, n/cm Õ 1 ): 2919 (s), 2859 (M
r 5 412.587): C 81.51 (81.37), H 7.82 (7.65), N 6.79

(s), 2210 (m, nC; C ), 1597 (s), 1575 (m), 1507 (s), 1459 (m), (6.69)%.
1391 (w), 1287 (m), 1247 (s), 1111 (s), 1025 (m), 990 (w),
831 (w). FAB+-MS (m-NBA): [M 1 H]+ (% rel. int.):

5.4. 5-(4-Dodecyloxyphenylethyny l)-2,2¾ -bipyridine (4d)357.6 (100). Elemental analysis, calc. (found) for
Experimental procedure as for 4a. Yield: white powderC

24
H

24
N

2
O (M

r 5 356.472): C 80.87 (80.73), H 6.79
(0.262 g, 93%). R

f
5 0.3 (CCM, SiO2 , hexane/CH2Cl2 ,(6.70), N 7.86 (7.80)%.

50/50, v/v). 1H NMR (200.1MHz, CDCl3 , 25 ß C):
d 5 8.79 ppm (d, 5J (H,H) 5 1.2 Hz, 1H), 8.68 (m, 1H),

5.2. 5-(4-Octyloxyphenylethyny l)-2,2¾ -bipyridine (4b) 8.41 (m, 2H), 7.90 (dd, 3J (H,H) 5 8.2 Hz, 4J (H,H) 5
Experimental procedure as for 4a. Yield: white powder 2.1 Hz, 1H), 7.80 (ddd, 3J (H,H) 5 7.8 Hz, 4J (H,H) 5

(0.29 g, 89%). R
f

5 0.3 (CCM, SiO
2
, hexane/CH

2
Cl

2
, 1.8 Hz, 1H), 7.29 (m, 1H), 7.18 (AB system, J (AB) 5 8.9 Hz,

50/50, v/v). 1H NMR (200.1 MHz, CDCl3 , 25 ß C): Dn 5 122.4 Hz, 4H), 3.95 (t, 3J (H,H) 5 6.6 Hz, 2H, OCH2),
d 5 8.79 ppm (dd, 4J (H,H) 5 1.5 Hz, 5J (H,H) 5 0.6 Hz, 1.78 (m, 2H, CH

2
), 1.27 (br, 18H), 0.89 (t, 3J (H,H) 5

1H), 8.68 (m, 1H), 8.40 (m, 2H), 7.90 (dd, 3J (H,H) 5 6.3 Hz, 3H, CH3 ). 13C {1H} NMR (50.3 MHz, CDCl3 ,
8.2 Hz, 4J (H,H) 5 2.1 Hz, 1H), 7.81 (ddd, 3J (H,H) 5 25 ß C): d 5 159.55, 155.43, 154.29, 151.35, 149.15, 139.00,
7.8 Hz, 4J (H,H) 5 1.5 Hz, 1H), 7.30 (m, 1H), 7.19 136.80, 133.12, 120.66, 120.18, 114.53, 114.27 (C-aromatics) ,
(AB system, J (AB) 5 8.9 Hz, Dn 5 122.1 Hz, 4H), 3.96 93.76 (C C), 85.01 (C C), 68.00 (OCH

2
), 31.83 (CH

2
),

(t, 3J (H,H) 5 6.4 Hz, 2H, OCH2 ), 1.79 (m, 2H, CH2 ), 29.59 (CH
2
), 29.52 (CH

2
), 29.08 (CH

2
), 25.92 (CH

2
),

1.30 (m, 10H), 0.90 (t, 3J (H,H) 5 4.0 Hz, 3H, CH3 ).
22.61 (CH2 ), 14.05 (CH3 ). FTIR (KBr, n/cm Õ 1 ): 2920

13C {1H} NMR (50.3 MHz, CDCl3 , 25 ß C): d 5 159.55,
(s), 2851 (m), 2210 (w, nC; C ), 1602 (m), 1576 (w), 1539

155.47, 154.33, 151.35, 149.15, 139.00, 136.83, 133.12, 123.71,
(w), 1511 (m), 1463 (m), 1380 (w), 1291 (m), 1252 (s),

121.18, 120.66, 120.22, 114.53, 114.27 (C-aromatics) ,
1108 (s), 1024 (w), 832 (w). FAB+-MS (m-NBA):

93.76 (C C), 85.01 (C C), 68.00 (OCH
2
), 31.72 (CH

2
), [M 1 H]+ (% rel. int.): 440.7 (100). Elemental analysis,

29.26 (CH2 ), 29.15 (CH2 ), 29.10 (CH2 ), 25.92 (CH2 ),
calc. (found) for C30H36N2O (Mr 5 440.634) : C 81.78

22.57 (CH2 ), 14.04 (CH3 ). FTIR (KBr, n/cm Õ 1 ): 2931
(81.55), H 8.24 (8.09), N 6.36 (6.20)%.

(s), 2859 (m), 2210 (w, nC; C), 1598 (m), 1575 (w), 1540
(w), 1508 (s), 1461 (s), 1371 (w), 1287 (m), 1251 (s), 1172
(w), 1112 (s), 1030 (w), 859 (w), 828 (m). FAB+-MS 5.5. 5-(4-T etradecyloxyphen ylethynyl)-2,2¾ -bipyridine (4e)
(m-NBA): [M 1 H]+ (% rel. int.): 385.1 (100). Elemental Experimental procedure as for 4a. Yield: white powder
analysis, calc. (found) for C26H28N2O (Mr 5 384.526 ): (0.262 g, 93%). R

f
5 0.3 (CCM, SiO

2
, hexane/CH

2
Cl

2
,

C 81.21 (80.90), H 7.34 (6.99), N 7.29 (6.96)%. 50/50, v/v). 1H NMR (200.1MHz, CDCl3 , 25 ß C):
d 5 8.79 ppm (dd, 4J (H,H) 5 2.1 Hz, 5J (H,H) 5 0.8 Hz,

1H), 8.69 (m, 1H), 8.41 (m, 2H), 7.91 (dd, 3J (H,H) 55.3. 5-(4-Decyloxyphenylethyny l)-2,2¾ -bipyridine (4c)
8.3 Hz, 4J (H,H) 5 2.1 Hz, 1H), 7.83 (dd, 3J (H,H) 5Experimental procedure as for 4a. Yield: white powder
7.7 Hz, 4J (H,H) 5 1.7 Hz, 1H), 7.32 (m, 1H), 7.19(0.33 g, 94%). R

f
5 0.3 (CCM, SiO2 , hexane/CH2Cl2 ,

(AB system, J (AB) 5 8.9 Hz, Dn 5 120.7 Hz, 4H), 3.9850/50, v/v). 1H NMR (200.1 MHz, CDCl3 , 25 ß C):
(t, 3J (H,H) 5 6.5 Hz, 2H, OCH2 ), 1.78 (m, 2H, CH2 ),d 5 8.79 ppm (dd, 4J (H,H) 5 2.1 Hz, 5J (H,H) 5 0.9 Hz,
1.27 (br, 22H), 0.88 (t, 3J (H,H) 5 6.5 Hz, 3H, CH3 ).1H), 8.68 (m, 1H), 8.41 (m, 2H), 7.90 (dd, 3J (H,H) 5
13C {1H} NMR (50.3 MHz, CDCl3 , 25 ß C): d 5 159.55,8.2 Hz, 4J (H,H) 5 2.1 Hz, 1H), 7.81 (ddd, 3J (H,H) 5
155.47, 154.29, 151.35, 149.15, 139.00, 136.80, 133.12,7.8 Hz, 4J (H,H) 5 1.8 Hz, 1H), 7.30 (m, 1H), 7.19
121.18, 120.66, 120.18, 114.53, 114.27 (C-aromatics) ,(AB system, J (AB) 5 9.0 Hz, Dn 5 121.1 Hz, 4H), 3.96
93.76 (C C), 85.01 (C C), 68.00 (OCH2 ), 31.87 (CH2 ),(t, 3J (H,H) 5 6.6 Hz, 2H, OCH2 ), 1.79 (m, 2H, CH2 ),
29.59 (CH

2
), 29.52 (CH

2
), 29.30 (CH

2
), 29.11 (CH

2
), 25.921.33 (bs, 14H), 0.89 (t, 3J (H,H) 5 6.4 Hz, 3H, CH3 ).

(CH2 ), 22.65 (CH2 ), 14.08 (CH3 ). FTIR (KBr, n/cm Õ 1):13C {1H} NMR (50.3 MHz, CDCl
3
, 25 ß C): d 5 159.55,

2923 (s), 2852 (m), 2212 (w, n
C; C

), 1603 (m), 1575 (w),155.47, 154.33, 151.35, 149.15, 139.00, 136.83, 133.12, 123.71,
1539 (w), 1511 (m), 1464 (m), 1383 (w), 1290 (m), 1248121.18, 120.66, 120.22, 114.53, 114.27 (C-aromatics) ,
(s), 1109 (s), 1029 (m), 831 (w). FAB+-MS (m-NBA):93.72 (C C), 85.01 (C C), 68.00 (OCH2 ), 31.83 (CH2 ),
[M 1 H]+ (% rel. int.): 469.3 (100). Elemental analysis,29.48 (CH2 ), 29.30 (CH2 ), 29.08 (CH2 ), 25.92 (CH2 ),
calc. (found) for C32H40N2O (Mr 5 468.688) : C 82.0122.61 (CH2 ), 14.04 (CH2 ). FTIR (KBr, n/cm Õ 1 ): 2920

(s), 2853 (m), 2209 (w, n
C; C

), 1606 (m), 1575 (w), 1511 (81.91), H 8.60 (8.51), N 5.98 (5.81)%.
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1660 A. El-Ghayoury et al.

5.6. 5-(4-Hexadecyl oxyphenylethyn yl)-2,2¾ -bipyridine (4f) 5.8. 5-Bromo-5 ¾ -(4-octyloxyphenylethyny l)-
2,2 ¾ -bipyridine (5b)Experimental procedure as for 4a. Yield white powder

Experimental procedure as for 5a. Yield: white solid(0.30 g, 94%). 1H NMR (200.1 MHz, CDCl3 , 25 ß C):
(0.30 g, 33%). R

f
5 0.7 (CCM, SiO2/NEt3 , hexane/d 5 8.79 ppm (dd, 4J (H,H) 5 2.4 Hz, 5J (H,H) 5 0.9 Hz,

CH2Cl2 , 95/5, v/v). 1H NMR (200.1 MHz, CDCl3 , 25 ß C):1H), 8.68 (m, 1H), 8.40 (m, 2H), 7.90 (dd, 3J (H,H) 5
d 5 8.77 ppm (dd, 4J (H,H) 5 2.0 Hz, 5J (H,H) 5 0.7 Hz,8.2 Hz, 4J (H,H) 5 2.1 Hz, 1H), 7.81 (ddd, 3J (H,H) 5
1H), 8.72 ppm (dd, 4J (H,H) 5 2.1 Hz, 5J (H,H) 5 0.7 Hz,7.8 Hz, 4J (H,H) 5 1.8 Hz, 1H), 7.30 (m, 1H), 7.19
1H), 8.34 (m, 2H), 7.92 (ddd, 3J (H,H) 5 8.2 Hz,(AB system, J (AB) 5 8.9 Hz, Dn 5 121.8 Hz, 4H), 3.96
4J (H,H) 5 2.1 Hz, 2H), 7.19 (AB system, J (AB) 5 8.9 Hz,(t, 3J (H,H) 5 6.6 Hz, 2H, OCH2 ), 1.79 (m, 2H, CH2 ),
Dn 5 120.5 Hz, 4H), 3.98 (t, 3J (H,H) 5 6.6 Hz, 2H,1.27 (br, 26H), 0.88 (t, 3J (H,H) 5 6.4 Hz, 3H, CH3 ).
OCH2 ), 1.80 (m, 2H, CH2 ), 1.30 (br, 10H), 0.89 (t, 3J13C {1H} NMR (50.3 MHz, CDCl3 , 25 ß C): d 5 159.55,
(H,H) 5 6.8 Hz, 3H, CH3 ). 13C {1H} NMR (50.3 MHz,155.47, 154.29, 151.94, 151.35, 149.15, 139.00, 136.83, 133.12,
CDCl3 , 25 ß C): d 5 159.70, 154.04, 153.37, 151.48, 150.23,123.71, 121.18, 120.18, 114.53, 114.27 (C-aromatics) ,
139.47, 139.12, 133.21, 122.49, 121.21, 121.08, 120.18,93.72 (C C), 85.01 (C C), 68.00 (OCH2 ), 31.87 (CH2 ),
114.62, 114.25 (C-aromatics) , 94.13 (C C), 84.99 (C C),29.52 (CH2 ), 29.30 (CH2 ), 29.08 (CH2 ), 25.92 (CH2 ),
68.10 (OCH2 ), 31.77 (CH2 ), 29.31 (CH2 ), 29.19 (CH2 ),22.61 (CH

2
), 14.04 (CH

2
). FTIR (KBr, n/cm Õ 1 ): 2920

29.15 (CH2 ), 25.98 (CH2 ), 22.63 (CH2 ), 14.10 (CH3 ).(s), 2851 (s), 2216 (w, n
C; C

), 1600 (m), 1578 (w), 1542 (w),
FTIR (KBr, n/cm Õ 1 ): 2925 (s), 2857 (m), 2214 (w, nC; C),1511 (m), 1466 (m), 1384 (w), 1288 (m), 1251 (s), 1288
1602 (m), 1537 (w), 1506 (s), 1453 (s), 1389 (w), 1285 (m),(w), 1109 (m), 1024 (m), 931 (w), 832 (w). FAB+-MS
1250 (s), 1112 (s), 999 (m), 836 (m). FAB+-MS (m-NBA):(m-NBA): [M 1 H]+ (% rel. int.): 497.3 (100). Elemental
[M 1 H]+ (% rel. int.): 463.1/465.1 (100). Elementalanalysis, calc. for C

34
H

44
N

2
O (M

r 5 496.743): C 82.21
analysis, calc. (found) for C26H27BrN2O (Mr 5 463.422):(82.09), H 8.93 (8.74), N 5.64 (5.46)%.
C 67.39 (67.22), H 5.87 (5.64), N 6.04 (5.82)%.

5.7. 5-Bromo-5 ¾ -(4-hexyloxyphenylethyny l)-
5.9. 5-Bromo-5 ¾ -(4-decyloxyphenylethyny l)-2,2 ¾ -bipyridine (5a)

2,2 ¾ -bipyridine (5c)5,5 ¾ -Dibromo-2,2 ¾ -bipyridine (0.776 g; 2.47 mmol ),
Experimental procedure as for 5a. Yield: white solid1-ethynyl-4-hexyloxybenzen e (2a) (0.50 g, 2.47 mmol ),

(0.32 g, 34%). R
f

5 0.7 (CCM, SiO2/NEt3 , hexane/and [Pd(PPh3 )4
] (0.029 g; 1 mol %) were dissolved in

CH2Cl2 , 95/5, v/v). 1H NMR (200.1 MHz, CDCl3 , 25 ß C):argon-degassed di-isopropylamine (40 ml). The suspen-
d 5 8.74 ppm (dd, 3J (H,H) 5 8.7 Hz, 4J (H,H) 5 2.0 Hz,sion was heated at 60 ß C for 3 days. After evaporation of
2H), 8.34 (m, 2H), 7.92 (ddd, 3J (H,H) 5 8.5 Hz,the solvent, the residue was puri� ed by � ash chromato-
4J (H,H) 5 2.1 Hz, 2H), 7.19 (AB system, J (AB) 5 8.9 Hz,graphy (NEt3 treated silica gel column, elution in a
Dn 5 120.3 Hz, 4H), 3.98 (t, 3J (H,H) 5 6.6 Hz, 2H,gradient of hexane/CH2Cl2: 95/5 to 50/50 v/v) and
OCH2 ), 1.80 (m, 2H, CH2 ), 1.28 (br, 14H), 0.89 (t, 3Jrecrystallized from CH2Cl2/hexane. Yield: white powder
(H,H) 5 6.4 Hz, 3H, CH3 ). 13C {1H} NMR (50.3 MHz,(0.34 g, 32%). R

f
5 0.7 (CCM, SiO2/NEt3 , hexane/

CDCl3 , 25 ß C): d 5 159.61, 154.15, 153.48, 151.58, 150.35,CH2Cl2 , 95/5, v/v). 1H NMR (200.1 MHz, CDCl3 , 25 ß C):
139.57, 139.22, 133.32, 122.60, 121.32, 121.19, 120.29,d 5 8.77 ppm (d, 4J (H,H) 5 2.0 Hz, 1H), 8.71 (d, 4J
114.74, 114.38 (C-aromatics) , 94.25 (C C), 85.12 (C C),(H,H) 5 2.0 Hz, 1H), 8.34 (m, 2H), 7.92 (ddd, 3J (H,H) 5
68.22 (OCH2 ), 31.99 (CH2 ), 29.66 (CH2 ), 29.48 (CH2 ),8.5 Hz, 4J (H,H) 5 2.1 Hz, 2H), 7.19 (AB system, J (AB) 5
29.27 (CH2 ), 26.11 (CH2 ), 22.78 (CH2 ), 14.22 (CH3 ).8.9 Hz, Dn 5 120.3 Hz, 4H), 3.99 (t, 3J (H,H) 5 6.6 Hz,
FT-IR (KBr, n/cm Õ 1 ): 2923 (s), 2853 (m), 2212 (w, nC; C ),2H, OCH2 ), 1.80 (m, 2H, CH2 ), 1.37 (m, 6H), 0.91
1605 (m), 1574 (w), 1537 (w), 1510 (s), 1454 (s), 1359 (w),

(t, 3J (H,H) 5 6.4 Hz, 3H, CH
3
). 13C {1H} NMR

1286 (m), 1251 (s), 1102 (s), 1016 (m), 836 (s). FAB+-MS
(50.3 MHz, CDCl

3
, 25 ß C): d 5 159.52, 154.05, 153.40,

(m-NBA): [M 1 H]+ (% rel. int.): 493.1/495.1 (100).
151.44, 150.17, 139.42, 139.04, 133.13, 122.42, 121.15, 121.00,

Elemental analysis, calc. (found) for C28H31BrN2O
120.11, 114.56, 114.19 (C-aromatics) , 94.06 (C C), 84.94

(Mr 5 491.476): C 68.43 (68.11), H 6.36 (6.13), N 5.70
(C C), 68.04 (OCH2 ), 31.49 (CH2 ), 29.06 (CH2 ), 25.63

(5.55)%.
(CH2 ), 22.51 (CH2 ), 14.00 (CH3 ). FTIR (KBr, n/cm Õ 1 ):
2929 (s), 2863 (m), 2210 (w, n

C; C
), 1602 (m), 1537 (w),

1507 (s), 1450 (s), 1389 (w), 1357 (w), 1285 (m), 1248 5.10. 5-Bromo-5 ¾ -(4-dodecyloxyphenylethyny l)-
(s), 1111 (s), 1017 (w), 836 (s). FAB+-MS (m-NBA): 2,2 ¾ -bipyridine (5d)
[M 1 H]+ (% rel. int.): 437.1/439.1 (32). Elemental Experimental procedure as for 5a. Yield: white powder
analysis, calc. (found) for C24H23BrN2O (Mr 5 435.368 ): (0.40 g, 44%). R

f
5 0.7 (CCM, SiO2/NEt3 , hexane/

CH
2
Cl

2
, 95/5, v/v). 1H NMR (200.1 MHz, CDCl

3
, 25 ß C):C 66.21 (66.15), H 5.32 (5.28), N 6.43 (6.37)%.
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1661T hermotropic 2,2 ¾ -bipyridine L Cs

d 5 8.76 ppm (dd, 4J (H,H) 5 2.1 Hz, 5J (H,H) 5 0.7 Hz, (AB system, J (AB) 5 8.9 Hz, Dn 5 120.3 Hz, 4H), 3.98
1H), 8.72 (d, 4J (H,H) 5 2.1 Hz, 1H), 8.35 (m, 2H), 7.92 (t, 3J (H,H) 5 6.6 Hz, 2H, OCH2 ), 1.79 (m, 2H, CH2 ),
(ddd, 3J (H,H) 5 8.5 Hz, 4J (H,H) 5 2.4 Hz, 2H), 7.19 1.26 (br, 26H), 0.88 (t, 3J (H,H) 5 6.4 Hz, 3H, CH

3
).

(AB system, J (AB) 5 8.9 Hz, Dn 5 120.3 Hz, 4H), 3.98 13C {1H} NMR (50.3 MHz, CDCl
3
, 25 ß C): d 5 159.83,

(t, 3J (H,H) 5 6.6 Hz, 2H, OCH
2
), 1.80 (m, 2H, CH

2
), 154.18, 153.53, 151.60, 150.37, 139.60, 139.25, 133.32,

1.27 (br, 18H), 0.88 (t, 3J (H,H) 5 6.4 Hz, 3H, CH3 ). 122.61, 121.33, 120.31, 114.75, 114.37 (C-aromatics) ,

13C {1H} NMR (50.3 MHz, CDCl3 , 25 ß C): d 5 159.82, 94.23 (C C), 85.09 (C C), 68.24 (OCH2 ), 32.01 (CH2 ),
154.17, 153.51, 151.60, 150.37, 139.60, 139.25, 133.32, 122.61, 29.76 (CH2 ), 29.66 (CH2), 29.45 (CH2), 29.26 (CH2 ), 26.09
121.33, 121.19, 120.31, 114.75, 114.37 (C-aromatics) , (CH2 ), 22.77 (CH2 ), 14.20 (CH3 ). FTIR (KBr, n/cm Õ 1 ):
94.24 (C C), 85.10 (C C), 68.23 (OCH2 ), 32.00 (CH2 ), 2919 (s), 28501 (m), 2214 (w, nC; C ), 1606 (m), 1512
29.67 (CH

2
), 29.45 (CH

2
), 29.26 (CH

2
), 26.09 (CH

2
), (m), 1464 (m), 1390 (w), 1288 (w), 1252 (m), 1108 (s),

22.78 (CH2 ), 14.20 (CH3 ). FTIR (KBr, n/cm Õ 1 ): 2921 1016 (w), 837 (m). FAB+-MS (m-NBA): [M 1 H]+
(s), 2852 (m), 2213 (w, nC; C), 1603 (m), 1537 (w), 1511 (% rel. int.): 575.6/577.2 (100). Elemental analysis, calc.
(m), 1452 (s), 1390 (w), 1289 (w), 1252 (m), 1102 (s), 1109 (found) for C

34
H

43
BrN

2
O (M

r 5 575.639): C 70.94
(s), 1013 (w), 836 (m). FAB+-MS (m-NBA): [M 1 H]+ (70.64), H 7.53 (7.21), N 4.87 (4.65)%.
(% rel. int.): 519.9/521.1 (35). Elemental analysis, calc.
(found) for C

30
H

35
BrN

2
O (M

r 5 519.530) : C 69.36

(69.27), H 6.79 (6.68), N 5.39 (5.24)%. The present work was supported by the Centre

National de la Recherche Scienti� que (CNRS) and by

the Strasbourg School of Chemical Engineering (ECPM).
5.11. 5-Bromo-5 ¾ -(4-tetradecyloxyphenylethyny l)-

2,2 ¾ -bipyridine (5e)
Experimental procedure as for 5a. Yield: white powder

(0.35 g, 40%). R
f

5 0.7 (CCM, SiO2/NEt3 , hexane/ References
CH2Cl2 , 95/5, v/v). 1H NMR (200.1 MHz, CDCl3 , 25 ß C): [1] (a) Constable, E. C., 1989, Adv. Inorg. Chem., 34, 1 and
d 5 8.76 ppm (dd, 4J (H,H) 5 2.0 Hz, 5J (H,H) 5 0.9 Hz, references therein; (b) Lehn, J. M., 1995, Supramolecular

Chemistry (New York: VCH).1H), 8.72 (dd, 4J (H,H) 5 2.5 Hz, 5J (H,H) 5 0.7 Hz, 1H),
[2] Kraft, A., Grimsdale, A. C., and Holmes, A. B., 1998,8.35 (m, 2H), 7.92 (ddd, 3J (H,H) 5 8.3 Hz, 4J (H,H) 5

Angew. Chem. int. Ed. Engl., 37, 402.2.1 Hz, 2H), 7.19 (AB system, J (AB) 5 8.9 Hz, Dn 5 120.3 Hz,
[3] Leclerc, M., 1999, Adv. Mater., 11, 1491.

4H), 3.98 (t, 3J (H,H) 5 6.4 Hz, 2H, OCH2 ), 1.80 (m, 2H, [4] (a) Giroud-Godquin, A. M., and Maitlis, P. M., 1991,
CH2 ), 1.27 (br, 22H), 0.88 (t, 3J (H,H) 5 6.4 Hz, 3H, Angew. Chem. int. Ed. Engl., 30, 375; (b) Espinet, P.,

Esteruela, M. A., Oro, L. A., Serrano, J. L.,CH
3
). 13C {1H} NMR (50.3 MHz, CDCl

3
, 25 ß C):

and Sola, E., 1992, Coord. Chem. Rev., 117, 215;d 5 159.83, 154.17, 151.60, 150.36, 139.60, 139.25, 133.32,
(c) Bruce, D. W., 1993, Inorganic Materials, edited by122.61, 121.33, 120.31, 114.75, 114.37 (C-aromatics) ,
D. W. Bruce and D. O’Hare (Chichester: Wiley);

94.24 (C C), 85.09 (C C), 68.23 (OCH
2
), 32.01 (CH

2
), (d) Serrano, L., and Sierra, T., 1996, in Metallomesogens,

29.75 (CH2 ), 29.46 (CH2 ), 29.26 (CH2 ), 26.10 (CH2 ), edited by L. Serrano (Weinheim: VCH), pp. 107–111.
22.78 (CH2 ), 14.20 (CH3 ). FTIR (KBr, n/cm Õ 1 ): 2920 [5] (a) Bruce, D. W., and Rowe, K. E., 1995, L iq. Cryst.,

18, 161; (b) Bruce, D. W., and Rowe, K. E., 1996, L iq.(s), 2851 (m), 2214 (w, n
C; C

), 1606 (m), 1537 (w), 1512
Cryst., 20, 183; (c) Bruce, D. W., and Rowe, K. E.,(m), 1461 (m), 1390 (w), 1289 (w), 1252 (m), 1104 (s),
1995, J. Chem. Soc. Dalton T rans., 3913; (d ) Douce, L.,

1013 (w), 837 (m). FAB+-MS (m-NBA): [M 1 H]+
Ziessel, R., Seghrouchni, R., Skoulios, A.,

(% rel. int.): 547.3/549.3 (100). Elemental analysis, calc. Campillos, E., and Deschenaux, R., 1995, L iq. Cryst.,
(found) for C32H39BrN2O (Mr 5 547.584) : C 70.19 18, 157.

[6] El-Ghayoury, A., Douce, L., Ziessel, R., and(69.81), H 7.18 (6.98), N 5.12 (4.84)%.
Skoulios, A., 1998, Angew. Chem. Int. Ed. Engl., 37, 1235.

[7] (a) El-Ghayoury, A., Douce, L., Ziessel, R., and
Skoulios, A., 1998, Angew. Chem. int. Ed. Engl., 37,

5.12. 5-Bromo-5 ¾ -(4-hexadecyloxyphenylethyny l)- 2205; (b) Ziessel, R., Douce, L., El-Ghayoury, A.,
2,2 ¾ -bipyridine (5f) Harriman, A., and Skoulios, A., 2000, Angew. Chem.

Int. Ed. Engl., 39, 1549.Experimental procedure as for 5a. Yield: white powder
[8] (a) Douce, L., Ziessel, R., Seghrouchni, R., and(0.28 g, 30%). R

f
5 0.7 (CCM, SiO2/NEt3 , hexane/

Skoulios, A., 1996, L iq. Cryst., 21, 143; (b) Douce, L.,CH
2
Cl

2
, 95/5, v/v). 1H NMR (200.1 MHz, CDCl

3
, 25 ß C):

Ziessel, R., Hsuan-Hong, L., and Hong-Cheu, L.,
d 5 8.77 ppm (dd, 4J (H,H) 5 2.1 Hz, 5J (H,H) 5 0.7 Hz, 1999, L iq. Cryst., 26, 1797.
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