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Mesomorphic bipyridine building blocks bearing an sp3 carbon
and a hydroxy function
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(Received 25 May 1999; accepted 31 July 1999 )

The synthesis of novel symmetrical liquid crystalline compounds based on 5-methyl-5 ¾ -
[2-(4-alkyloxyphenyl)-2-hydroxyethyl]-2,2 ¾ -bipyridines is reported, together with some physical
properties. Although the chelating head-groups are connected via a chiral sp3 carbon atom,
all the materials are mesomorphic. Intermolecular hydrogen bonding between pyridino and
hydroxy fragments in the mesophases is made apparent by FTIR spectroscopy.

1. Introduction Pd(II)] complexes, have been described previously [4].
There is much current interest in the preparation of Furthermore, symmetrical and disymmetrica l bipyridines

chiral liquid crystalline materials, owing to their physical functionalized at the 4,4 ¾ - and 5,5 ¾ -positions with ester,
properties (e.g. thermochromism, ferroelectricity, non- ethenylene or ethynylene groups, and their mesomorphic
linear optics, pyro- and piezo-electricity) and to their complexes, are known to display interesting polymorphic
potential applications in display devices, optical data properties [5–8]. In particular, an unusual type of
storage systems and thermal sensors [1]. During the molecular ordering has been reported for a family of
last decade, considerable e� ort has been devoted to the liquid crystalline cyclopalladated/bipyridine complexes
study of metallomesogens since such materials combine [7], while the ability of certain cations to induce macro-
attractive features of the metallic centre with those of scopic ordering of non-mesomorphic bipyridine modules
the mesophase [2]. Surprisingly, there are very few has been described [8]. It seems reasonable to suppose
known mesomorphic organometallic compounds built that such bipyridino modules could be converted into
around a chiral centre [3]. In an attempt to overcome chiral building blocks simply by adding appropriate
this de� ciency, we have extended earlier work on oligo- functional groups into the connecting linkage. In this
pyridino-based chelates to include the development of respect we note that hydroxyl groups, which are known
potential chiral liquid crystalline materials that form to hydrogen bond within the emerging mesophases [9],
upon coordination to suitable transition metal cations. might promote the preferential formation of aggregates
It should be noted that oligopyridines (e.g. bipyridine, and/or stabilize the mesophase [10]. Indeed, discoid
phenanthroline, terpyridine) are very attractive sca� olds supermolecules have been engineered by linking three
for assembling such intricate materials, because they lipophilic [N-monoacylated-3,3¾ -diamino-2,2¾ -bipyridine]
form stable complexes of well-de� ned geometry with an wedges to a central 1,3,5-substituted benzenecarbonyl
inordinately rich variety of transition metals in various subunit where strong hydrogen bonds are believed
oxidation states. to induce formation of columnar mesophases [11].

Thermotropic liquid crystalline polymers based on Hydrogen-bonded adducts formed between comple-
homopolyesters of 5,5 ¾ -disubstituted-2,2 ¾ -bipyridine or mentary 4-substituted benzoic acid proton-donating
alkoxy derivatives of 6,6 ¾ -diamino-2,2¾ -bipyridine , and their and 4,4 ¾ -bipyridine proton-accepting components are
corresponding metal [M = Cu(II), Ni(II), Co(II), and liquid crystalline at relatively high temperature [12]. It

seems prudent, therefore, to equip our next-generation of
metallomesogens with the necessary hydrogen-bonding*Authors for correspondence;

e-mail: ziessel@chimie.u-strasbg.fr functionality.
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1798 L. Douce et al.

Scheme 1.

As a � rst step toward the preparation of such chiral were characterized by 1 H NMR, 1 3C{1H} NMR, FTIR,
and elemental analysis. Compound 6, which bears ametallomesogens we now report on the liquid crystal-

linity of a family of ligands derived from 5-methyl-5 ¾ - non-polar connecting group, was synthesized in order
to study the possible role of intermolecular hydrogen[2-(4-alkyloxyphenyl)-2-hydroxyethyl]-2,2 ¾ -bipyridines

(n = 6, 8, 10, 12) and from 5-methyl-5 ¾ -[2-(4-decyloxy- bonding during formation of the mesophase.
Special attention has been given to comparing transitionphenyl)ethyl]-2,2 ¾ -bipyridine. In the former series, the

potential chiral centre bears an alcohol fragment and, temperatures for mesophase formation in compounds 4,
5 and 6. The temperature at which mesophase formationby being sited at the molecular apex, serves to break

electronic conjugation between the aromatic terminals— begins in 6 is signi� cantly lower than in the other
compounds studied here.see structure below:

3. Results and discussion
The mesomorphic behaviour and phase transition

temperatures were characterized by polarizing optical
microscopy (POM), di� erential scanning calorimetry2. Synthesis and characterization
(DSC), and powder X-ray di� ractometry (XRD). TheThe target molecules were prepared according to
phase transition temperatures and their correspondingscheme 1. Compounds 1 [13] and 3a–d [14] were
enthalpy changes derived for compounds 4a–d and 6prepared by literature procedures. Reaction of carbanion
are compiled in table 1, while typical results are displayed2 with aldehyde 3, followed by protonation, leads to the
in � gure 1. In each case, the mesophase was con� rmed byracemic alcohol 4 in modest yield (ca. 60%).
optical microscopy. The nematic phase was characterizedThe ABX signal of the bridging CH2 group con� rms the
by its schlieren texture co-existing with homeotropicpresence of an asymmetric carbon centre. Compound 6
alignment, while the orthogona l SmA phase was charac-was prepared by hydrogenation of 5 [6 a,b] in the
terized by its focal-conic fan texture, also co-existing withpresence of Pd/C (10%) and NaH2 PO2 as reducing
homeotropic alignment. These mesophases were alsoagent [15], as outlined in scheme 2. All new compounds
evident in the XRD patterns, allowing determination of
the d-spacing values for the SmA phase as listed in
table 2. The SmB phase of compound 6 shows rather a
high � uidity under POM and, as indicated by the XRD
patterns, has an orthogonal layered structure.

According to the information shown in table 1 and
displayed in � gure 1, the racemic compounds 4a–d
possessing branching hydroxy groups in the linkage
exhibit liquid crystalline behaviour showing SmA and
N phases for the shorter chain lengths and only a SmA
phase for n = 10 and 12. As in many homologous series,
the nematic phase is favoured in those compounds
(4a and 4b) having relatively short terminal chains,
and the somewhat longer terminal chains in 4c and 4d
favour the SmA phase. The role, if any, of the branching
hydroxy group in controlling the nature of the meso-

Scheme 2. phase is not made clear from these studies and therefore
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1799Mesomorphic bipyridine building blocks

Table 1. Phase transition temperatures (ß C)a and corresponding enthalpies (J g Õ 1 ) of compounds 4a–d (n = 6, 8, 10, and 12),
and 6 (n = 10).

4a (n = 6) Cr EGGGGGGGGGGGGGGGGF
9 7 . 8 ( 5 5 . 0 )

4 6 . 2 ( 3 1 . 0 )
SmA EGGGGGGF

1 2 2 . 9 ( 0 . 7 )

1 2 0 . 0 ( 0 . 7 )
N EGGGGGGF

1 4 3 . 2 ( 8 . 3 )

1 4 0 . 0 ( 9 . 3 )
I

4b (n = 8) Cr EGGGGGGGGGGGGGGGGF
8 0 . 0 ( 2 5 . 0 )

Su p er co o l in g
SmA EGGGGGGF

1 3 8 . 3 ( 4 . 4 )

1 3 4 . 4 ( 3 . 4 )
N EGGGGGGF

1 4 7 . 4 ( 1 2 . 8 )

1 4 4 . 2 ( 1 0 . 6 )
I

Cr EGGGGGGGGGGGGGGGGF
6 4 . 3 ( 4 7 . 9 )

Su p er co o l in g
SmA EGGGGGGG ¾ ¾ EGGGGGGF

1 2 8 . 9 ( 1 5 . 3 )

1 1 9 . 8 ( 5 . 3 ) N 1 2 5 . 0 ( 3 . 2 )
I4c (n = 10)

4d (n = 12) Cr EGGGGGGGGGGGGGGGGF
8 1 . 8 ( 6 1 . 4 )

Su p er co o l in g
SmA EGGGGGGGGGGGGGGGGGF

1 4 0 . 3 ( 1 0 . 2 )

1 3 7 . 1 ( 9 . 4 )
I

6 (n = 10) Cr EGGGGGGF
6 0 . 7 ( 2 5 . 8 )

3 4 . 2 ( 2 6 . 8 )
SmB EGGGGGGF

7 2 . 8 ( 4 . 5 )

6 8 . 6 ( 4 . 5 )
SmA EGGGGGGF

8 8 . 6 ( 0 . 5 )

8 4 . 9 ( 0 . 9 )
N EGGGGGGF

1 0 6 . 6 ( 4 . 6 )

1 0 5 . 0 ( 6 . 2 )
I

a Phase transition temperatures and corresponding enthalpies were determined from the 2nd heating and 1st cooling scans of
DSC; abbreviations: Cr = crystalline phase, SmB= smectic B phase, SmA= smectic A phase, I = isotropic liquid.

Table 2. X-ray di� raction data for compounds 4a–d and 6 in the smectic A phase.

Theoretical value/AÃ

Compound Temperature/ß Ca d-spacing/AÃ b (fully extended length)

4a (n = 6) 100 25.1 (s), 12.7 (w) 24.7
4b (n = 8) 100 27.7 (s), 14.0 (w) 27.1
4c (n = 10) 100 31.0 (s), 15.9 (w) 29.6
4d (n = 12 ) 100 32.6 (s), 16.5 (w) 32.0
6 (n = 10) 85 32.8 (s), 16.5 (w) 29.6

a All temperatures reported were measured on heating scans.
b s and w are strong and weak peaks, i.e. (0 0 1) and (0 0 2) re� ection, respectively.

perature. Elevation of the isotropization temperature

can be attributed to intermolecular hydrogen-bonding
(H-bonding) between hydroxy and pyridine groups. This

e� ect must be su� ciently pronounced to o� set the
lowering of the isotropization temperature that is usually

observed for liquid crystalline materials having lateral

branching in either the cores or terminal chain. The
layered SmA phase is also stabilized by this intermolecular

H-bonding in 4c which extends the temperature range

over which this phase is dominant relative to 6. In fact,
the absence of intermolecular H-bonding in 6 and the lack

of SmA stabilization favours formation of the nematic

phase, but at a lower temperature than in 4a and 4b.
This latter phase is not resolved in 4c for the heating

scan. However we note that a nematic phase is evident

in the cooling scan because of greater supercooling of
the N–SmA transition.

By comparison with the previously reported phaseFigure 1. Phase transition temperatures (heating) of
transition temperatures of the unsaturated bridge com-compounds 4a–d and 6.

pound 5 (see [6b] and scheme 2), we can conclude that

compound 6 has a shorter conjugation length, a smallera critical comparison was necessary with compound 6
polarizability, and a somewhat less planar structure.where the hydroxyl function is lacking. The key com-
These factors combine to ensure that compound 6 hasparison is between compounds 6 and 4c and it appears
lower isotropization temperature and narrower rangesthat, while 6 shows distinct mesomorphic properties,

4c possesses a signi� cantly higher isotropization tem- of the SmA and nematic phases than those found for 5.
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1800 L. Douce et al.

These studies have revealed an important participation SmA phase at 100 ß C, at 3272 cm Õ 1 in the nematic phase
at 130 ß C, and at 3419 cm Õ 1 in the isotropic state atof intermolecular H-bonding in the internal organization

of the mesophases for the racemic systems 4. Further 160 ß C. This progressive shift of the O–H stretch to
higher energy with increasing temperature indicates thesupport for such interactions was sought by recording

IR spectra for compounds 4a and 4c at temperatures gradual disappearance of H-bonds as the phase becomes
more disordered. Similar phenomena were observed forcorresponding to each of the various phases. The main

results are displayed in � gures 2 and 3, and it is clear compound 4c (� gure 3) with the OH stretch lying at
3243, 3271 and 3392 cm Õ 1 , respectively, for the crystalthat signi� cant changes occur in the OH stretching band

centred around 3300 cm Õ 1 . This band shifts towards at 30 ß C, the SmA phase at 100 ß C, and the isotropic state
at 150 ß C.higher wave number as the temperature is increased, a

situation entirely consistent with intermolecular hydrogen- Figure 4 shows some molecular arrangements proposed
tentatively on the basis of intermolecular H-bondingbonding between OH and pyridino functions. The

isotropic state shows the highest wave number for the in racemic compounds 4a–d. In particular, H-bonded
dimers are considered in � gure 4 (a), while a di� erentOH stretch, which corresponds to relatively weak inter-

molecular H-bonding. For example, the OH stretch arrangement also allowing for an orthogonal molecular
orientation is considered in � gure 4 (b). A di� erent arrange-observed for compound 4a (� gure 2) occurs at 3226 cm Õ 1

in the crystalline phase at 30 ß C, at 3271 cm Õ 1 in the ment is shown in � gure 4 (c) wherein a tilted molecular
orientation should give rise to a SmC phase. Since only
orthogonal layered SmA structures are found for com-
pounds 4a–d, the arrangement shown in � gure 4 (c) seems
less relevant than the other possible structures. A � nal
head-to-tail (antiparallel ) arrangement of two molecules
linked by H-bonding between hydroxyl groups could
not been excluded but has previously been invoked as
an e� ective H-bonding function in liquid crystalline
materials [9]. Most probably there will be a mixture of
some of these idealized molecular structures within the
generated mesophases.

Table 2 lists the highest XRD d-spacing values
recorded for compounds 4a–d and 6 in the SmA phase,
together with theoretical values calculated for fully
extended molecular conformations. All the XRD patterns
indicate orthogonal layered structures, and there is goodFigure 2. FTIR spectra recorded for compound 4a (a) in the
agreement with measured and calculated d-spacings.isotropic state at 160ß C, (b) in the nematic phase at 130ß C

(c) in the SmA phase at 100ß C, and (d) in the crystalline The one exception concerns compound 6 which has a
phase at 30 ß C. larger fully extended theoretical value than the XRD

d-spacing. In this case, the absence of hydrogen bonding
might facilitate an antiparallel interdigitated packing of
the molecules in the mesophase. For the racemic com-
pounds 4a–d, however, there is clear experimental
evidence to show that intermolecular H-bonding makes a
critical contribution towards the observed mesomorphic
properties.

4. Conclusions
In summary, a set of asymmetric liquid crystalline

compounds (4a–d ) based on 5-methyl-5 ¾ -[2-(4-alkyloxy-
phenyl)-2-hydroxyethy l]-2,2 ¾ -bipyridines has been syn-
thesized while the related compounds 5 and 6 allow
detailed examination of how an asymmetrical central
linkage containing a branching hydroxy group a� ects
the mesomorphic properties of the racemic materials.Figure 3. FTIR spectra recorded for compound 4c (a) in the
It is seen clearly that the presence of an sp3 carbon atomisotropic state at 150ß C, (b) in the SmA phase at 100ß C,

and (c) in the crystalline phase at 30 ß C. in the central linkage of 6 induces a signi� cant decrease
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1801Mesomorphic bipyridine building blocks

Figure 4. Postulated molecular
packing induced by inter-
molecular H-bonding (´́´́ )́ for
compounds 4a–d (n = 6–12) in
the mesophases generated.

in the temperatures at which isotropization and meso- made with a Perkin-Elmer DSC 7, whilst the correspond-
ing textures were imaged with a Leitz Laborlux Sphase formation take place. Further comparison of the

results derived for compounds 4a–d and 6 indicates polarizing optical microscope (POM) equipped with a
THMS-600 heating stage. Heating and cooling ratesthe importance of a central branching hydroxy function.

It appears that this latter group favours intermolecular were 10 ß C minÕ 1 , unless stated otherwise. Powder X-ray
di� raction (XRD) patterns were obtained with a Siemenshydrogen bonding in 4a–d in such a way as to stabilize

the orthogonal layered SmA phases, whilst destabilizing D-5000 (40 kV, 30 mA) X-ray di� ractometer � tted with
a TTK450 temperature controller. Nickel-� ltered CuK

a
the nematic phase by restricting lateral hydrogen bond-
ing. Continuing studies are attempting to employ related radiation was used as the incident X-ray beam. The

temperature depndence of the IR spectra was studied withchiral bidentate molecules and their transition metal
complexes as a means by which to extend the known a Perkin-Elmer IR microscope (Auto-image) equipped

with an FTIR 600 heating stage attached directly torange of liquid crystalline materials.
a Perkin-Elmer Spectrum 2000 FTIR spectrometer. A
total of 64 individual spectra were accumulated at a

5. Experimental
resolution of 4 cm Õ 1 in the range 4000–700 cm Õ 1 with5.1. General
a spot diameter of 100 Ö 100 mm2 .All reactions were performed under argon in Schlenk

� asks. THF was dried over sodium/benzophenone and
distilled under argon before use. Infrared spectra were 5.2. Synthesis

5.2.1. 5-Methyl-5 ¾ -[2-(4-hexyloxypheny l)-2-hydroxy-recorded in the region 4000–400 cm Õ 1 with a Bruker
IFS-66 FTIR spectrometer. 1 H (200 MHz) and 1 3C{1H} ethyl]-2,2 ¾ -bipyridine 4a (and higher homologues)

A solution of n-butyl lithium in hexane (5.8 ml,(50.3 MHz) NMR spectra were recorded at room temper-
ature with a Bruker AC-200 instrument. Deuteriated 1.57M, 8.14 mmol) was added slowly to a solution of

di-isopropylamine (1.2 ml, 8.14 mmol) in THF (25 ml)chloroform was used as a solvent and internal standard:
d(H) in ppm are relative to residual protiated solvent maintained at Õ 78 ß C. After 0.5 h, solid 5,5 ¾ -dimethyl-

2,2 ¾ -bipyridine (1.5 g, 8.14 mmol ) was added carefully to(7.26 ) and d(C) in ppm are relative to CDCl3 (77.03 ).
Thermal transition temperatures were derived from studies the stirred solution, which immediately turned a deep
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1802 L. Douce et al.

brown–purple colour. After stirring for a further 1 h at 5.2.5. 5-Methyl-5 ¾ -[2-(4-dodecyloxypheny l)ethyl]-
2,2 ¾ -bipyridine 6Õ 78 ß C, a solution of 4-hexyloxybenzaldehyd e (1.05 eq,

8.55 mmol) in THF (5 ml ) was added to the solution via A solution of sodium phosphinate (H2 PO2 Na)
(700 mg, 7.97 mmol) in H2 O (10 ml ) was added to aa cannula tube. Stirring was continued for 0.25 h before

the solution was allowed to reach room temperature. solution of compound 5 (60 mg, 14 mmol) in THF
(30 ml) before addition of a suspension of Pd/C (10%)The resultant orange-coloured solution was stirred over-

night and subsequently neutralized with an aqueous catalyst (60 mg). The mixture was heated at re� ux for
3 days with constant agitation. After cooling to rt, thesolution of NH4 Cl, during which the solution turned

yellow and NH3 gas was evolved. The solvent was solution was � ltered before evaporation of the THF
in vacuo. The remaining aqueous phase was shaken withevaporated under vacuum and the yellow residue dis-

solved in CH2 Cl2 before being puri� ed by column CH2 Cl2 (3 Ö 20 ml) and the organic extract dried over
MgSO4 and evaporated to dryness. The solid was puri� edchromatography on silica, eluting � rst with CH2 Cl2 to

remove unreacted 5,5 ¾ -dimethyl-2,2 ¾ -bipyridine and then by column chromatography on silica (CH2 Cl2 /hexane,
70/30, v/v as eluant). The white product was collectedwith CH2 Cl2 /MeOH, 95/5, v/v to isolate the required

product. The white product was collected (R
f

= 0.43, silica, (R
f

= 0.39, silica, CH2 Cl2 /hexane, 70/30), yield 50 mg,
83%. Elemental analysis: calc. for C2 9 H3 8 N2 OCH2 Cl2 /MeOH, 95/5), yield 2.192 g, 69%. Elemental

analysis: calc. for C2 5 H3 0 N2 O2 (M r = 390.530) C 76.89, (M r = 430.639) C 80.89, H 8.89, N 6.51; found C 80.68,
H 8.76, N 6.42%. IR (KBr): 2919 (s broad), 2850 (s),H 7.74, N 7.17; found C 76.68, H 7.59, N 6.90%.

IR (KBr): 3226 (s broad), 2924 (s), 2859 (s), 1610 (m), 1508 (s), 1486 (s), 1235 (s), 1027 (s), 828 (s). 1 H NMR
(CDCl3 ) d 0.88 (t, 3H, CH3 alkyl, 3 J (HH) = 6.3 Hz), 1.271510 (s), 1469 (s), 1238 (s), 1069 (s). 1 H NMR (CDCl3 ) d

0.91 (t, 3H, CH3 alkyl, 3J (HH) = 6.6 Hz), 1.35 (s broad, 6H, (s broad, 14H, (CH2 )7 alkyl), 1.74 (m, 2H, OCH2 CH2 alkyl ),
2.37 (s, 3H, CH3 bipy), 2.85 and 2.90 (s, 4H, CH2 CH2(CH2 )3 alkyl), 1.73 (m, 2H, OCH2 CH2 alkyl), 2.28 (s, 3H,

CH3 bipy), 2.98 (m, 2H, CH2 bipy), 3.88 (t, 2H, CH2 alkyl, link), 3.0 (t, 2H, OCH2 alkyl , 3 J (HH) = 6.5 Hz), 6.92 (AB
system, 4H, Ha ro m a t ic , J (AB)= 8.5 Hz, Dn = 98.1 Hz), 7.563 J (HH) = 6.3 Hz), 4.1 (s broad, 1H, OH, exchange with

D2 O), 4.73 (t, 1H, CHOH, 3 J (HH) = 6.3 Hz), 6.97 (AB (dd, 2H, H4 an d 4 ¾ b ip y , 3J (HH) = 8.2 Hz, 4J (HH) = 1.6 Hz),
8.24 (d, 2H, H3 a n d 3 ¾ b ip y , 3 J (HH) = 8.2 Hz), 8.46 (dd, 2H,system, 4H, CHa rom at ic , J (AB)= 7.8 Hz, Dn = 73.5 Hz), 7.48

(dd, 2H, H4 an d 4 ¾ b ipy , 3J (HH) = 8.2 Hz, 4J (HH) = 2.4 Hz), H6 a n d 6 ¾ b ip y , 4 J (HH) = 1.6 Hz). 1 3C{1H} NMR (CDCl3 )
d 14.06 (CH3 alkyl), 18.26 (CH3 bipy), 22.63, 26.02, 29.29,8.12 (d, 2H, H3 a n d 3 ¾ b ip y , 3 J (HH) = 8.1 Hz), 8.29 (s, 2H,

H6 an d 6 ¾ b ipy ). 1 3C{1H} NMR (CDCl3 ) d 13.88 (CH3 alkyl), 29.35, 29.54, 31.86 (CH2 alkyl), 34.95 (CH2 link), 36.49
(CH2 link), 67.95 (OCH2 ), 114.43, 120.29, 129.32, 127.14,18.08 (CH3 bipy), 22.45, 25.58, 29.11, 31.45, (CH2 alkyl ),

42.48 (CH2 bipy), 67.86 (OCH2 ), 74.07 (CHOH), 114.17, 132.60, 132.97, 136.76, 136.86, 137.33, 149.25, 149.50,
153.70, 154.14, 157.55, 173.43 (Ca ro m a t ic ).120.15, 120.41, 127.0, 132.90, 133.89, 135.78, 137.27, 137.9,

149.26, 149.85, 153.35, 153.94, 158.46, (Ca ro m a t ic ).

This work was supported, in part, by the Centre
5.2.2. 5-Methyl-5 ¾ -[2-(4-octyloxyphenyl)- Nationale de la Recherche Scienti� que (CNRS) and by

2-hydroxyethyl]-2,2 ¾ -bipyridine 4b the Ecole de Chimie, Matériaux, et Polymères (ECPM).
R

f
= 0.43, silica, CH2 Cl2 /MeOH, 95/5, yield 2.11 g, We thank Dr Antoine Skoulios for many helpful

62%. Elemental analysis: calc. for C2 7 H3 4 N2 O2 discussions.
(M r = 418.169 ) C 77.48, H 8.19, N 6.69; found C 77.60,
H 8.09, N 7.01%.
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