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An N ,N -dialkylaminomethylene lateral substituent can be used to reduce the melting
temperatures of nematogens having a long rigid core. However, compared with a single lateral
alkoxy chain, this lateral substituent does not enhance the thermodynamic stability of the
mesophase. DSC curves and optical microscopy show that after melting, a new solid appears
in the liquid crystal phase or in the isotropic phase of these compounds. NMR spectra of the
nematic phase and of the solid phase show that a thermal reaction releases dialkylamine into
the medium and produces a disubstituted 2H -indazole in rather good yield. Further heating
of each individual mixture leads to a second wide range enantiotropic nematic phase. The
puri® ed disubstituted 2H -indazole has a larger nematic range and the nematic phase is stable
at high temperature, indicating that the 2H -indazole motif can be used to build new mesogenic
structures. The temperature dependence of the 13C chemical shifts of one of the initial
compounds was obtained. The results indicate that the two chains on the nitrogen atom are
equivalent and more or less folded back in the same way along the mesogenic core.

1. Introduction In conventional mesogens, alkyl or alkoxy chains are
Lateral ¯ exible substituents attached to a fairly long commonly used as terminal substituents in order to

rigid core have the interesting ability to decrease melting decrease the melting temperatures with the consequence
temperatures while preserving mesomorphic properties of increasing the thermodynamic stability of the meso-
[1± 6]. We have investigated several types of lateral phase. The replacement of a carbon or oxygen atom by
substituents: alkoxy chains, substituted benzyloxy frag- a nitrogen in the terminal chain generally reduces the
ments and bifurcated alkoxy chains [1, 2, 5, 6]. Our mesogenic properties of rod-like molecules [11± 13].
previous NMR studies have revealed that the lateral This phenomenon is generally attributed to hydrogen
substituent is folded back along the molecular long axis bonding [11], electronic delocalization [12], and/or
due to the anisotropic forces encountered in the nematic nitrogen lone pair intermolecular interaction [13]. All
phase [7± 10]. To carry out a systematic study on the these factors are detrimental to the liquid crystalline
in¯ uence of the type of lateral chain after the initial phase and promote the stability of the solid phase.
investigations of lateral substituents containing the frag- The problem addressed in this paper is rather simple.
ments ± OCH2 ± and ± CH2 ± CH± [1, 6], we decided to Can molecules having an N ,N -dialkylamine fragment in
examine the in¯ uence of a nitrogen and of its position the lateral chain exhibit liquid crystal properties? To
by using ± NR 2 and ± CH2 ± NR 2 as lateral fragments answer this question, we present the synthesis of two
(® gure 1). related series containing a nitrogen atom in the lateral

chain. These compounds contain the same core used in
our previous series [1, 5, 6], but di� er by the position*Author for correspondence.
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282 C. Canlet et al.

Figure 1. Chemical structures of the two series synthesized.

of the nitrogen atom in the lateral chain. The DSC phase washed twice with water. After drying over sodium
sulphate and evaporating the ether, the crude productbehaviour of one series is unusual as it is found that

on increasing the temperature two nematic phases are was crystallized from ethanol. The second alkylation was
carried out in acetonitrile using the method describedseparated by a solid form. This unusual behaviour has

been investigated by NMR spectroscopy in solution, on by Ferry [15]. Two equivalents of alkyl bromide and
triethylamine were used in order fully to alkylate thethe solid and on the nematic phase. In addition, the

evolution of the chemical shifts with temperature was secondary amine. The crude compound was chromato-
graphed on silica gel (60± 200 mesh) with ethyl acetate.obtained in order to have some information on the

lateral chain conformations. The substituted aniline hydrochloride used for the
diazotization step was obtained through conventional
methods [16]. Then, the diazo-coupling was performed,2. Experimental

2.1. Synthesis using dioxan as solvent and the phenol under basic
conditions [17]. Coupling occurs mainly para to theThe synthetic scheme for series II is presented in

® gure 2. In the ® rst step, the Schi� ’s base was prepared remaining hydroxyl group. After evaporation of dioxan,
the mixture was shaken with three portions of etherusing a classical procedure. It was not isolated and the

reduction was performed on the cooled reaction mixture and the extracts were washed three times with water.
After drying and evaporating the solvent, the crude[14]. Then, the methanol was evaporated under vacuum

and the boron complex hydrolysed using saturated product was chromatographed on silica gel (60± 200 mesh)
with CH2 Cl2 /ethyl acetate (80/20) and then CH2 Cl2 /ammonium chloride solution. The monoalkylated amine

was twice extracted into ether and the resulting ethereal methanol as eluents, and the phenol was collected as the

Figure 2. Synthetic scheme for series II.
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283Unusual thermal behaviour of some mesogens

last fraction. Finally, this phenol was esteri® ed with 3. Results and discussion

3.1. T ransition temperatures4-chlorobenzoyl chloride in CHCl3 /pyridine as solvent.
After acidi® cation, the mixture was shaken with ether The transition temperatures of the four compounds

synthesized in series I are given in table 1. A monotropicand the extract washed twice with acidi® ed water, twice
with dilute ammonia and ® nally twice with water. mesophase with a short nematic range was obtained

for the compounds ND6 and ND8, indicating that anAfter chromatography (silica gel 60± 200 mesh, eluent
CH2 Cl2 , ® rst fraction), the ® nal product was crystallized N ,N -dialkylamino lateral chain does not promote liquid

crystal properties. The thermal behaviour of compoundsfrom a mixture of toluene/ethanol/4-methylpentan-2-one
(10/80/10) until constant transition points were obtained. belonging to series II is far more complex.

The DSC curves for CND4 and CND6 obtained at aThese transition points were measured by DSC
(Mettler FP 52) using a heating rate of 10ß C minÕ

1. 10ß C minÕ
1 heating rate are presented in ® gure 3. The

surprising phase transition sequences Cr1 ± N± Cr2 ± N± IThermogravimetric analyses (TGA) were performed on
a Shimadzu TGA-50H apparatus using a gas ¯ ow rate and Cr1 ± N± I± Cr2 ± N± I were observed for CND4 and

CND6, respectively. The transition temperatures andof 70ml minÕ
1 and a heating rate of 2ß C minÕ

1.
the DS/R values for the four compounds synthesized in
series II are presented in table 1. An enantiotropic2.2. NMR experiments

Slow spinning 13C NMR experiments on the liquid nematic phase was obtained for CND4, CND6 and
CND8, indicating that the methylene group between thecrystal phase and on solutions were performed using a

Varian Unity-400 NMR spectrometer (B o = 8.86 T) aromatic ring and the bifurcated amino chain is needed
for thermodynamic stability of the mesophase. Theequipped with an indirect detection probe manufactured

by Narolac Cryogenic Corporation. The sample was put phase transition sequence for CND8 is similar to that
of CND6, but has a much narrower nematic rangein a standard 5 mm tube and spun along the magnetic

® eld so that the director aligned parallel to the magnetic (® gure 3). The compound CND10 does not exhibit a
lower temperature nematic phase: the crystal melts to® eld. To avoid rf overheating, a 0.8% decoupler duty

cycle was used. an isotropic liquid directly. These observations show
that the lateral fragment ± CH2 ± N(R )2 is less favourableHigh resolution, solid state 13C NMR experiments

were performed on a Bruker MSL 200 spectrometer for liquid crystal properties than ± O± CH(R )2 or ± O± R

lateral fragments.with quadrature detection using a double-tuned coil for
13C and 1H NMR. The crystalline samples were ® lled into It seems that the short CH2 spacer permits the align-

ment of the two chains along the core, but the molecularfused zirconia rotors ® tted with boron nitride caps and
spun at 6kHz at the magic angle (54.7 ß ). 13C chemical arrangement of the ± CH2 ± NR2 lateral fragment in the

nematic phase may be di� erent from that observed forshifts were referenced to the glycine carbonyl signal
(assigned at 176.03 ppm) used as external reference. The a ± O± CH(R )2 . Molecular modelling performed on a

single molecule shows the possibility of two minimizedspectra were obtained using cross-polarization pulse (with
a 1H 90ß pulse of 4.1 ms), high power decoupling during conformations, one with the chains aligned along the

core on the same side, and the other on opposite sidesacquisition (0.03 s acquisition, 3 s recycle delay, 512 scans
and 1.2 ms mixing time). Variable temperature CP/MAS (® gure 4).

Now let us further discuss the DSC curves andNMR experiments were performed in the 30± 250ß C
range using a Eurotherm thermal controller, calibrated the related microscopic observations (heating rate

10ß C minÕ
1 ) for these compounds. For CND4, afterusing the DABCO, 1,4-diazabicyclo-(2,2,2)-octane,

crystal± crystal transition [18]. melting, a nice schlieren texture characterises the nematic

Table 1. Transition temperatures (in ß C) for the two series and DS/R values for series II. These values were taken with increasing
temperature (heating rate 10ß C minÕ

1 ); dec= decomposition.

Series I Cr � I � N Series II Cr1 � N � I � Cr2 � N � I

ND4 E 148 E (86) E CND4 E 106 E 152.5 E 231 E 352 E

9.1 Õ 19 11.3 dec
ND6 E 109 E (99) E CND6 E 73 E 101 E 155.5 E 229 E 354 E

19.3 0.2 Õ 40.2 9.8 dec
ND8 E 108 E CND8 E 71.5 E 74.5 E 157 E 229.5 E 348 E

17.5 Õ 34.3 10.6 dec
ND10 E 107 E CND10 E 79 E 155 E 231 E 340 E

16.3 Õ 32.8 9.9 dec
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284 C. Canlet et al.

Figure 3. DSC curves for CND4 and CND6, compounds of series II (heating rate= 10ß C minÕ
1 ). The high temperature clearing

point was observed by optical measurements.

Figure 4. Two minimized conformations of CND4 implying a folding of the chains along the core: (a) on the same side,
(b) on opposite sides.

phase. At 121ß C, crystals started to grow in the nematic the interpretation of this peak later. The new solid
melts again at 230 Ô 1ß C to give a new nematic phase.phase. This new crystalline phase is related to the broad

exothermic peak associated with a large enthalpy in the This temperature is independent of the chain length,
and the associated entropy is also quite constantDSC curve, indicating that there may be a chemical

reaction occurring inside the sample. The maximum of (DS/R = 10.4 Ô 0.9). From these experimental facts, we
can propose that the reaction is intramolecular and thethis peak is nearly at the same temperature regardless

of the chain length. In addition, unlike the other peaks structure of the new white solid does not depend on the
chain length of the starting material. After the secondon the DSC curve, the position of this peak is dependent

on the temperature ramp. A slower ramp shifts this peak melting, the nematic phase is stable over more than
100ß C depending on the sample. The clearing point wastowards lower temperature: for example, the maximum

is shifted to 145ß C for a rate of 5ß C minÕ
1 . This gives not observable on the DSC curve as there was some

internal degradation around the clearing temperature.a clear indication about the thermal activation of
the chemical reaction. After this chemical reaction, the
microscope ® lm which was originally pale red due to 3.2. 13C chemical shif ts analysis

Figure 5 shows the 13C NMR spectra of the compoundthe azo link became completely colourless in the centre,
with some brown edges at the outside of the ® lm. From CND6 under di� erent conditions. Because the intra-

molecular chemical reaction is thermally activated, athis observation, we can conclude that the chemical
reaction involves the breaking of the double bond in the powder sample of CND6 was introduced directly into

the NMR tube in order to avoid e� ects from anyazo linkage. As this internal reaction does not occur in
series I, we have a strong clue that in addition to the transformation due to the thermal history of the sample.

To obtain the spectrum of the nematic phase, ® gure 5 (b),azo bond, the reaction may involve the methylene group
between the ring and the N -bifurcated chain. At 160ß C, the temperature was raised to 80ß C, just above the solid±

nematic transition. Compared with the spectrum in CDCl3a small endothermic peak appeared in the DSC, but
there was not much change in the optical appearance of solution, ® gure 5 (a), the aromatic peaks show large

positive jumps because of the chemical shift anisotropiesthe ® lm. For CND6, this sharp peak is replaced by a
broad one around 195ß C. This broad peak disappears caused by the alignment of the nematic sample of positive

Dx due to the four aromatic rings belonging to the core.in the CND8 and CND10 samples. We will return to
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285Unusual thermal behaviour of some mesogens

products which a� ect the transition temperature. Then,
the temperature of the sample was raised further to
120ß C and a spectrum was taken every 15 min to analyse
the chemical transformation. The ® rst spectrum is pre-
sented in ® gure 5 (c). This spectrum is quite similar to
the one obtained in CDCl3 solution, with the exception
that at least two new peaks (marked by asterisks)
appear in the aliphatic part due to a compound formed
in the intramolecular reaction. At this temperature, the
successively recorded spectra show a gradual increase in
the two new peaks and a decrease of the peaks in the
aromatic region. After two hours at 120ß C, the aromatic
part has almost completely disappeared and the new
peaks indicated by the arrows are preponderant and
have the same intensities as the other aliphatic peaks,
® gure 5 (d ). Because there was insu� cient decoupling
power and no MAS, the 13C peaks of the new solid
would be too broad to be observed. This is essentially
the case for the aromatic signals. However, the narrow
peaks in the aliphatic region indicate that a liquid is
likely to be present, and it may be due to another
product formed in the intramolecular reaction.

In the isotropic solution and in the nematic phase,
two peaks are observed in the 50ppm region correspond-
ing to the two di� erent carbons directly attached to the

Figure 5. 13C NMR spectra of CND6 (a) in CDCl3, (b) in the nitrogen atom, Ca and Ca ¾ , ® gures 5 (a) and 5 (b). In
nematic phase at T = 353 K, (c) in the isotropic liquid spectrum (d ), a single peak is observed in the same
phase at T = 393 K and (d ) in the second solid form at region. Moreover, six peaks are observed corresponding
T = 393 K after two hours at this temperature. For spectra

to six di� erent carbons in the chains. This means that(b), (c) and (d ) 100 scans were acquired on a slowly spinning
Cb and Cc carbons no longer have the same chemicalsample, with a special broadband proton decoupling

sequence using a decoupler power of 20kHz. shifts. It is well known that the chemical shifts of the
carbons near a nitrogen atom depend on its degree of
substitution [17]. Quantitatively, the a e� ect decreases
with the number of chains substituted on the nitrogenIn the aliphatic part of the spectrum, the assignment of

the solution spectrum below 30ppm is quite straight- atom, whereas the b e� ect increases, no c e� ect is
observed, and the d e� ect is very small. In the spectrumforward as the two alkyl chains are equivalent. For the

carbons linked to the nitrogen, the intense peak at we observed a decrease of the Ca carbon chemical shift,
an increase of the Cb chemical shift and essentially no54.0 ppm was assigned to the two ® rst carbons belonging

to the alkyl chains, Ca. Whereas, the 1H chemical shift change in the Cc chemical shift. This is a good indication
that in the liquid compound, the nitrogen atom sub-of Ha and Ha ¾ are rather di� erent at 2.52 and 4.15 ppm,

respectively; there is only a slight di� erence between the stitution has decreased. Thus, we conclude that the
Ph± CH2 ± NR 2 bond breaks to release N ,N -dialkylaminechemical shifts of the Ca ¾ (52.4 ppm) and Ca (54.0 ppm)

carbons, certainly due to some conformational e� ects. in the intramolecular reaction.
In order to verify this hypothesis, we have performedIn the nematic phase, these carbons exhibit a positive

jump in their chemical shifts, whereas the other chain CPMAS experiments on the solid compound produced
from CND4. Figure 6 presents the CPMAS spectra atcarbons and the methyl group attached to the terminal

phenyl ring experience the usual negative jump. We will room temperature of the starting red solid (b) and the
white solid (d ) obtained by heating the sample for tworeturn to the interpretation of these positive jumps of

the Ca ¾ and Ca carbons in the last part of the discussion. hours at 150ß C. For comparison, the spectrum in CDCl3
solution (a) and the MAS spectrum of the isotropic meltOn increasing the temperature slowly, the nematic±

isotropic transition was obtained at 94ß C, which is far at 120ß C (c) are also shown. As expected, spectrum (b)
shows four distinct massifs in the aliphatic region. Thebelow the transition temperature observed in the DSC

curve. This result indicates that even at this low temper- broad peak around 54ppm corresponds to the over-
lapping of the Ca and Ca ¾ carbons. In the isotropicature the intramolecular reaction occurs and leads to
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286 C. Canlet et al.

CND4 and CND6 correspond to the boiling of the
dialkylamines generated.

3.3. Structure of the new mesogenic core
It is known that a diazonium salt can react with an

activated methyl or methylene group to give the related
indazole [20± 22] in good yield, through the reaction:

The corresponding azo compounds have also been
used as a source of indazoles, even though they are less
reactive. If a methyl group is present in the position
ortho to the azo linkage, the cyclization can occur in the
presence of a base and a nitroso compound if the methyl
group is activated by a nitro group in the para-position
[23± 25]:

The product belongs to the group of 2H -indazoles,
Figure 6. 13C NMR spectra of CND4 (a) in CDCl3 solution, and the formula of these derivatives presents an ortho-(b) in the starting solid at T = 293 K, (c) in the isotropic

quinonoid fragment. Nevertheless, these compounds areliquid phase at T = 413 K and (d ) in the second solid form
best regarded as delocalized aromatic systems rather thanat T = 293 K after heating the sample for two hours at

T = 423 K. For spectra (b), (c) and (d ), 2048 scans were as dienes with localized bonding [25]. Other compounds
acquired on a fast spinning sample. CP conditions were containing a reactive methylene group can undergo such
used for spectra (b) and (d ) with a proton decoupling cyclization by simple heating. In 1904, Freundler showedpower of 45kHz.

that an azo compound having an alkoxymethylene group
in the ortho-position can experience an intramolecular

spectrum (c), obtained by simple MAS with high proton cyclisation around 170± 180ß C [26± 28]:
decoupler power (45kHz), two more peaks marked by
asterisks are present at 49.6 and 32.5 ppm and, respectively,
can be assigned to the Ca and Cb carbons belonging
to the N ,N -dibutylamine moiety. These chemical shifts
should be compared to 54.4 and 29.9 ppm for Ca and

We did not ® nd in the literature any exampleCc belonging to the starting material, showing changes
due to di� erent nitrogen atom substitutions. After heat- with an ortho-N ,N -dialkylaminomethylene fragment.

Nevertheless, as the dialkylamine is a reasonably gooding the spinning rotor at 150ß C for two hours in the
magnet, the rotor was cooled down to room temperature leaving group, a similar reaction is possible for our

compounds. It is interesting to note that, in the isotropicand the CPMAS spectrum was recorded under the same
conditions as spectrum (b). No peak was present in the melt, the temperature needed for the cyclization is almost

identical to that observed by Freundler. In order to50± 60ppm region, ® gure 6 (d ). This clearly indicates that
the white solid no longer contains any lateral substituent. verify the loss of the dialkyl part, we have performed

thermogravimetric analysis (TGA) on the four com-This is consistent with the observation that the Cr2 ± N
transition for all the homologues, regardless of the chain pounds using a dynamic method. A typical thermogram

recorded with an air ¯ ow rate of 70ml minÕ
1 and alength of the original compound, are nearly identical.

The boiling points of dibutylamine, dihexylamine, temperature ramp of 2ß C minÕ
1 is presented in ® gure 7.

As can be seen, the intramolecular reaction starts atdioctylamine and didecylamine are 159ß C, 192± 195ß C,
297± 298ß C and >350 ß C, respectively. The endothermic 105ß C and ends at 175ß C with a minimum of the ® rst

derivative at 140ß C. After that the sample continues topeaks observed at 160 and 195ß C in the DSC curves of
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287Unusual thermal behaviour of some mesogens

The 1H NMR spectra of the starting material CND4

and the crude disubstituted 2H -indazole compound in
deuteriated acetone are presented in ® gure 8. Only the
peaks above 3.5ppm are shown.

The 2H -indazole was obtained after heating 100 mg
of pure CND4 at 140ß C for two hours and then wash-
ing the solid with dichloromethane. The disubstituted
2H -indazole compound is rather insoluble in many
organic solvents. Thus, after ® ltration, a small amount of
the solid was dissolved in deuteriated acetone. Figure 8 (b)
shows that the ± CH2 ± N signal diminishes together with
the appearance of a signal at 9.0 ppm which can be
attributed to the hydrogen involved in the newly formed
double bond. The pattern and the chemical shifts of the

Figure 7. TGA curve of CND4: ¯ ow rate= 70 ml minÕ
1, hydrogens belonging to the aromatic rings do not change

temperature ramp= 2ß C minÕ
1 . drastically. This is not surprising, as the central hetero-

cyclic core has to be considered as a delocalized aromatic
system rather than as dienes with localized bonding.

lose weight, certainly due to some thermal degradation. The mesogenic 2H -indazole was puri® ed by several
During the cyclization, the loss of mass is 20.1%, which recrystallizations from DMSO and the transition
is very near the expected 21.1% which gives a good temperatures TCrN and TNI were found to be 235ß C and
indication of the yield in the intramolecular reaction. 413ß C (dec.), respectively; the values were reproducible.
Isothermal measurements were made at 170ß C under This shows that the core derived in the 2H -indazole is
air and nitrogen, and the losses were 20.6 and 20.7%, suitable for liquid crystal properties, even if the core is
respectively, which indicates the reliability of the dynamic certainly slightly bent due to the non-colinearity of the
measurement and that the thermal reaction does not N± C and C± O bonds on each side of the indazole
involve oxidative degradation. structure. The angle between these two bonds has been

Thus, we can propose the mechanism of formation measured as 155ß in a related compound [29].
and the formula of the second compound.

3.4. Chemical shift changes in the nematic phase
In our initial attempt to perform measurements of the

13C chemical shifts on the pure azo compound in the
nematic phase, a problem was encountered. Above 80ß C,
the intramolecular reaction in the liquid crystal phase
started to take place, yielding the dialkylated amine as
one of the products, with consequent drastic narrowing
the nematic range. It is interesting to note that the
intramolecular reaction proceeds quite rapidly at lower

Figure 8. 1H NMR spectra in CD3 COCD3 solution of (a) CND4, (b) the crude indazole.
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288 C. Canlet et al.

temperatures in the nematic phase of the compounds. nematic transition give valuable information on the mean
conformation of the methyloxy or benzyloxy fragmentThe packing in the nematic phase would certainly

help the reaction by decreasing molecular disordering [8]. For a terminal chain, each CH2 fragment, as well
as the terminal CH3 group, experiences a negative jump[30]. In order to avoid the intramolecular cyclization,

we chose to decrease the nematic± isotropic transition at TNI as a result of the averaging of the chemical shift
tensor and the bond order parameter over all theby mixing the compound CDN6 with ZLI1184

[trans-1-cyano-4-(trans-4-propylcyclohexyl )cyclohexane]. populated conformations. In contrast, when a lateral
methyl is present on an aromatic ring, its chemical shiftSeveral mixtures were prepared at di� erent concen-

trations of ZLI1184. The chemical shift behaviour is experiences a positive jump at the transition from iso-
tropic to nematic. This is due to the positive C± H bondnearly identical for all the mixtures.

The evolution of the 13C chemical shifts of the aliphatic order parameter. The C± H bonds of Ca ¾ have a geometry
similar to that of a lateral methyl substituent, whichand aromatic carbons in CND6 as a function of temper-

ature is presented in ® gure 9 for the mixture CDN6/ would explain the positive jump observed for its chemical
shift. For lateral alkoxy chains, we have shown that theZLI1184 (68.1/31.9 mass ratio). In the isotropic phase,

the two chains are chemically equivalent and their ® rst CH2 (second atom within the chain) in the lateral
chain possess a positive jump due to the folding back ofchemical shifts are identical. This also seems to be the

case in the nematic phase. In ® gure 9, the two chemically this fragment within the nematic phase; the second CH2

(third atom within the chain) exhibits a tiny negative ornon-equivalent carbons Ca and Ca ¾ directly linked to
the nitrogen experience a positive jump at TNI when the no obvious jump, and the subsequent CH2 groups show

the usual negative jump [8]. All these changes can becompound changes from isotropic to nematic phase,
whereas the other carbons in the chain show negative explained by the adaptation of a gauche-conformation

of the Cring ± O± C± C fragment in the folding of the chain.jumps.
As already noticed in our previous work, the signs of In the present case, as the third atom in the chains (Ca)

presents a small positive jump, the mean conformationthe jumps in the 13C chemical shifts at the isotropic±

Figure 9. Evolution of the aliphatic and aromatic chemical shifts with temperature for the mixture CDN6/ZLI1184

(68.1/31.9 mass ratio).
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289Unusual thermal behaviour of some mesogens

[3] Jacobi, A., and Weissflog, W ., 1997, L iq. Cryst., 22, 107.of this carbon has to be di� erent from those of the
[4] Bezborodov, V. S., and Petrov, V. F., 1997, L iq. Cryst.,subsequent carbons along the chain. The conformation

23, 771.
depicted in ® gure 4 (a) has to be preferred with the two [5] Perez, F., Judeinstein, P., Bayle, J.-P., Allouchi, H .,
chains folded along the core on the same side. Cotrait, M ., Roussel, F., and Fung, B. M ., 1998, L iq.

Cryst., 24, 627.For the aromatic carbons, the 13C chemical shifts do
[6] Canlet, C., Judeinstein, P., Bayle, J.-P., Roussel, F.,not present any unusual behaviour. All the quaternary

and Fung, B. M ., 1998, New J. Chem., 211.carbons along the major axis exhibits the largest
[7] Perez, F., Bayle, J.-P., and Fung, B. M ., 1996, New

anisotropic chemical shifts. J. Chem., 20, 537.
[8] Perez, F., Berdague’, P., Judeinstein, P., Bayle, J.-P.,

Allouchi, H ., Chasseau, D ., Cotrait, M ., and5. Conclusion
Lafontaine, E., 1995, L iq. Cryst., 19, 1015.We have synthesized four new compounds, each con-

[9] Perez, F., Berdague, P., Bayle, J.-P., Brauniger, T.,taining four aromatic rings in the main core and a lateral
Khan, M ., Ho, M . S., and Fung, B. M ., 1997, New

N ,N -dialkylated aminomethylene fragment on one of J. Chem., 21, 1283.
the inner aromatic rings. The three ® rst members of the [10] Perez, F., Bayle, J.-P., Allouchi, H ., Belaraaj, A.,

Cotrait, M ., and Lafontaine, E., 1998, New J. Chem.series containing two butyl, hexyl or octyl chains grafted
(in the press).on the lateral nitrogen atom, respectively, exhibit an

[11] Culling, P., Gray, G . W ., and Lewis, D ., 1960, J. chem.enantiotropic mesophase. The mean conformation of the Soc., 2699.
aliphatic chains and the aromatic rings has been studied [12] Schroeder, D . C., and Schroeder, J. P., 1976, J. org.
by applying 13C NMR techniques. The carbons having Chem., 41, 2566.

[13] McM illan, J. H ., and Labes, M . M ., 1979, Mol. Cryst.the same position in the bifurcated chain are equivalent
liq. Cryst., 55, 61.and these two chains are folded back along the meso-

[14] Schellenborg, K . A., 1963, J. org. Chem., 28, 3259.genic core, involving a gauche-conformation for the ® rst [15] Buck, J., and Ferry, C. W ., 1943, Org. Synth., Vol. II,
fragment. The two lateral chains are more or less aligned 290.
with the molecular long axis. Upon heating in the [16] Nose, A., and Kudo, T., 1981, Chem. Phar. Bull., 29,

1159.nematic phase or in the isotropic melt, all the compounds
[17] Perez, F., Judeinstein, P., and Bayle, J.-P., 1995, Newgive a new solid phase at nearly the same temperature.

J. Chem., 19, 1015.This exothermic reaction is an internal cyclization with [18] Haw, J. F., 1988, Anal. Chem., 559A, 60.
the loss of the dialkylamine fragment. 13C NMR in the [19] Kalinowski, H .-O., Berger, S., and Braun, S., 1988, in
solid phase and in the nematic phase was used to probe Carbon-13 NMR Spectroscopy (J. Wiley), p. 221.

[20] Cava, M . P., Noguchi, I., and Buck, K . T., 1973, J. org.the reaction. The solid formed at high temperature is a
Chem., 38, 2394.disubstituted 2H -indazole which, amazingly, exhibits a

[21] Fusco, R., Marchesini, A., and Sannicolo, F., 1987,large range nematic phase stable at high temperatures. J. heterocycl. Chem., 24, 773.
Despite the fact that the core of the molecule is slightly [22] Bartsch, R., and Yang, I.-W ., 1984, J. heterocycl. Chem.,
bent, the 2H -indazole fragment can act as an interesting 21, 1063.
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