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An unusual process, the change of an isotropic phase into a nematic phase at a constant temperature, is reported.
The conversion is the result of the thermal cyclization of a single compound, which is either isotropic or nematic, to
form two compounds, both of which are enantiotropic liquid crystals. The starting material is a class of compounds
having a diazo link between two para-substituted phenyl rings and a 4-n-alkoxybenzoyloxymethylene lateral group
in the ortho position with respect to the diazo link. The DSC curves and optical microscopy show that, after
melting, the compound undergoes an exothermic reaction to form a mixture that has liquid crystalline properties
over a wide temperature range. The mixture is composed of two mesogenic compounds : a disubstituted
2H-indazole and a 4-n-alkoxybenzoic acid. The liquid crystalline properties are reproducible in further
heating-cooling cycles. The time-dependent 13C NMR spectra at a constant temperature slightly above the melting
temperature indicate that a small extent of reaction is sufficient to induce liquid crystalline properties in the melt.
Optical measurement of the appearance of the nematic phase at di†erent constant temperatures gives the activation
energy of the reaction as 71.5^ 0.8 and 81.8^ 1.2 kJ mol~1 for the two series of compounds studied. The X-ray
structure of a parent compound shows the coplanarity and the rigidness of the central core containing the
2H-indazole fragment and the attached aromatic ring. This central core is slightly bent with an angle of 157¡
between the terminal bonds.

Introduction

It is well-known that phenyldiazenes having a methyl or an
activated methylene group in the ortho position to the diazo
linkage can undergo a unimolecular reaction to yield 2H-
indazoles, as shown in Scheme 1.1h6

In the course of the reaction, the red color induced by the
diazo linkage disappears, turning into a white mixture. The
activated methylene can be any group bearing a leavingCH2group, such as a hydroxy group (A \ OH), an alkoxy group
(A\ OR)7h9 or an N,N-dialkylated methylene amine group

Noting that the 2H-indazole fragment can act as(A\NR2).10

Scheme 1

an interesting rigid component to built new mesogenic struc-
tures, we have recently studied liquid crystal systems that can
undergo this type of thermal cyclization.10 The compounds
investigated had four aromatic rings in the main core and a
lateral N,N-dialkylated methylene amine fragment on one of
the inner aromatic rings. During the cyclization process, the
core containing the 2H-indazole fragment was produced,
leading to a mixture having interesting liquid crystalline
properties. The intramolecular reaction was quite clean as evi-
denced by NMR, DSC and TGA.10 Unfortunately, one of the
products formed in the reaction was an N,N-dialkylated
amine, which strongly depressed the transition temperatures.
Therefore, it is desirable that the leaving molecule has meso-
genic properties. The simplest choice is to use 4-n-alkoxyben-
zoic acids because it is well-known that these acids form
dimers and have noticeable nematogen properties.11 Thus, we
can expect to obtain, after the cyclization process, a nice
nematic mixture composed of a nematogen containing the
2H-indazole fragment and the 4-n-alkoxybenzoic acid
(Scheme 2).

In this paper, we present the synthesis of two related series
containing a 4-n-alkoxybenzoyloxy methylene lateral fragment
(Scheme 3). These compounds have the same inner fragment,
but di†er by the number of aromatic rings in the main core :
three in series I and four in series II. An additional advantage
of these compounds is that Ñexible lateral substituents
attached to a fairly long rigid core have the interesting ability
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Scheme 2

Scheme 3

to decrease the melting temperatures while preserving the
mesogenic properties.12h17 We have investigated several types
of lateral substituents : N,N-dialkylated amine, N,N-di-
alkylated methylene amine, alkoxy chains, a substituted benzyl-
oxy fragment and bifurcated alkoxy chains.10,13,16,17 The
comparision of the enforcement of the nematic properties
among all these lateral substituents is of interest to under-
stand the molecular packing in the nematic phase.

Thus, in this paper we will examine the following aspects of
this problem: (1) the possibility for molecules having a 4-n-
alkoxybenzoyloxy methylene fragment in the lateral chain to
exhibit a liquid crystalline phase ; (2) the thermal intramolecu-
lar cyclization of these compounds and the properties of the
resulting nematic mixture ; (3) some kinetic parameters of the
reaction ; and (4) the X-ray di†raction study of a related com-
pound for structural determination.

Experimental
Synthesis

The synthetic scheme for series II is presented in Scheme 4
and the synthesis is brieÑy described in the following. In the
Ðrst step, a solid para-substituted aniline hydrochloride used
for the diazotization step was obtained through conventional
methods.18 The diazotization was then performed, using
dioxane as solvent, by coupling the diazonium salt with 3-
hydroxybenzyl alcohol under basic conditions.19 The diazo-
tization occured mainly in the position para to the remaining
hydroxyl group. After the evaporation of dioxane, the mixture
was extracted with three portions of ether and washed three
times with water. After drying and evaporating the solvent,
the crude product was chromatographed on silica gel (60È200
mesh) with acetate (80 : 20), then eluted withCH2Cl2Èethyl

the phenol was collected as the last frac-CH2Cl2Èmethanol ;
tion. Finally, this phenol was esteriÐed with 4-n-alkoxyben-
zoyl chloride in a solvent. After acidiÐcation,CHCl3Èpyridine
the mixture was extracted with ether and washed two times
with acidic water, two times with diluted ammonia and Ðnally
two times with water. After chromatogaphy (silica gel 60È200
mesh, eluent Ðrst fraction), the Ðnal product was re-CH2Cl2 ,
crystallized in a mixture of tolueneÈethanolÈ4-methylpentan-
2-one (10 : 80 : 10) until constant transition points were
obtained. The transition points were measured by DSC

Scheme 4
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Table 1 Crystal data and structure reÐnement for compound I4Cl

Empirical formula C28H20ClN2O4Formula weight 483.91
Crystal system Triclinic
Space group P16
Wavelength/Ó 0.71073
Final R indices [I[ 2p(I)] R1\ 0.041

wR2\ 0.1143
R indices (all data) R1\ 0.055

wR2\ 0.1253
a/Ó 6.0244(6)
b/Ó 12.731(2)
c/Ó 15.0026(13)
a/¡ 75.052(8)
b/¡ 83.802(6)
c/¡ 86.817(9)
U/Ó3 1104.7(2)
T /K 173(2)
Z 2
Measured reÑections 5835
Independent reÑections 4511
R(int) 0.0220

(Mettler FP 52) using a heating rate of 15 ¡C min~1. All the
compounds were fully characterized by 1H and 13C NMR,
mass spectrometry using the electrospray method and elemen-
tal analysis [for example, CO6 gave the following elemental
analysis (calcd) in 1%: C: 74.3 (74.5), H: 7.56 (7.56), N: 3.96
(4.04) and COD6 gave C: 72.8 (73.2), H: 6.51 (6.53), N: 3.59
(3.63)].

The compound used for the X-ray structure (labelled as
I4Cl) was synthesized following the same scheme but using 1.1
equiv. of 4-chlorobenzoyl chloride in order to esterify only the
phenol group. After chromatogaphy [silica gel 60È200 mesh,
eluent ethyl acetateÈhexane (25 : 75), last fraction], the com-
pound was heated in PEG 200 solvent at 250 ¡C for 20 min.
The 2H-indazole compound was precipitated in water and
then recrystallized in DMSO several times. The single crystal
was grown from a DMSO solution by slow evaporation.

NMR experiments

13C NMR experiments were performed using a Varian
VXR-500 NMR spectrometer T) equipped with(B0\ 11.07
an indirect detection probe manufactured by Narolac Cryoge-
nic Corporation. The sample was put in a standard 5 mm tube
and spun slowly (16 Hz) along the magnetic Ðeld so that the
director in the liquid crystalline phase would align parallel to
the magnetic Ðeld. To avoid RF overheating, a 0.8% decou-
pler duty cycle was used. Temperature calibration was made
using pure ethylene glycol.

X-Ray structure

The X-ray data were collected at [100 ¡C on a P4 Bruker-axs
di†ractometer using monochromated MoKa radiation
(k \ 0.71073 The data were corrected for Lorentz andÓ).
polarization e†ects. An absorption correction was not applied
since it was judged to be insigniÐcant. The structure was
solved by direct methods using SHELXTL (Bruker-axs)
system and reÐned by full matrix least squares on F2 using all
reÑections. Hydrogen atoms were included with idealized
parameters. For 3763 observed reÑections the Ðnal factorR1was 0.041. Details of the crystal data and reÐnement are given
in Table 1.

CCDC reference number 440/153. See http ://www.rsc.org/
suppdata/nj/1999/1223/ for crystallographic Ðles in .cif format.

Results and discussion
Transition temperatures

The transition temperatures and the *S/R values of the Ðve
compounds synthesized in each series are given in Table 2.

For each compound, the two sets of values refer to the Ðrst
heating cycle starting with the unmelted compound and the
second heating cycle, respectively, with a heating rate of 15 ¡C
min~1. The DSC curves of COD12 obtained during the Ðrst
and second cycling of the sample are presented in Fig. 1.
Starting with the unmelted sample, two endothermic tran-
sitions are encountered, corresponding to a solid-solid tran-
sition and a solid-liquid transition. On a further increase in
temperature, a broad exothermic peak corresponding to the
cyclization reaction is observed and its maximum is located at
215 ¡C. After standing at 250 ¡C for 5 min, the sample was
cooled down to room temperature. The nematic phase
appears at 201 ¡C and persisted down to 117.5 ¡C. During the
second heating, the nematic phase started at 143 ¡C and the
exothermal peak is absent as the sample now contained a
mixture of the 2H-indazole compound and 4-n-dodecyloxy-
benzoic acid. The DSC curve during the second cooling is
very similar to the one obtained for the Ðrst cooling, indicat-
ing the sample did not undergo any further chemical changes
with temperature. Further temperature cycling gave very
similar thermograms. Therefore, we have obtained a nematic
mixture of well-deÐned composition with reasonably repro-
ducible transition temperatures.

After the cyclization, the 1H NMR analysis of the mixture
in clearly shows the disappearance of the signalCDCl3belonging to the hydrogens of the lateral (4.2 ppm)ÈOCH2Èand the appearance of new peaks corresponding to the ethyl-
enic hydrogen of the heterocyclic ring (8.8 ppm) and the acidic
hydrogen of the carboxylic acid (12.4 ppm). In addition, we
have performed thermogravimetric analysis (TGA) on some
compounds within the two series using a dynamic method
(airÑow rate of 70 ml per min and a temperature ramp of 2 ¡C

Fig. 1 DSC curves of COD12 during the Ðrst and the second
thermal cycle (heating rate and cooling rate ^15 ¡C min~1). The ver-
tical arrows give the position of the transition between the nematic
and isotropic phase.
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Table 2 Transition temperatures (in ¡C) and *S/R for series I and II

Cycle Cr1 ] Cr2 ] N ] I1 ] I2
Series I
CO2 1st Æ 64 Æ 88.5 Æ 203 Æ

*S/R 2.7 11.9 [27.5
2nd Æ 98.5 Æ 152.5 Æ 163 Æ
*S/R 3.9 6.5 0.70

CO4 1st Æ 76.5 Æ 203.5 Æ
*S/R 16.9 [30.3
2nd Æ 90.5 114 Æ 157 Æ
*S/R 4.6 2.0 0.97

CO6 1st Æ 68 Æ 80 Æ 204.5 Æ
*S/R 3.0 10.3 [27.7
2nd Æ 86.5 Æ 104 Æ 153 Æ
*S/R 4.5 2.5 0.76

CO8 1st Æ 71 Æ 205.5 Æ
*S/R 27.7 [29.9
2nd Æ 92.5 Æ 119 Æ 150 Æ
*S/R 5.9 6.7 1.06

CO10 1st Æ 66.5 Æ 207 Æ
*S/R 29.7 [29.9
2nd Æ 94 Æ 111 Æ 147 Æ
*S/R 8.8 11.5 0.26

Series II
COD4 1st Æ 155 Æ 174* Æ 208 Æ

*S/R 12.8 [29.0
2nd Æ 131.5 Æ 166.5 Æ 247 Æ
*S/R 4.1 5.4 0.36

COD6 1st Æ 120.5 Æ 148 Æ 211 Æ
*S/R 16.8 0.18 [34.5
2nd Æ 102.5 Æ 166.5 Æ 236 Æ
*S/R 4.2 11.3 0.36

COD8 1st Æ 92 Æ 121.5 Æ 134 Æ 212.5 Æ
*S/R 3.8 11.3 0.21 [27.7
2nd Æ 100 Æ 181.5 Æ 223 Æ
*S/R 3.7 9.4 0.22

COD10 1st Æ 109.5 Æ 114.5 Æ 123* Æ 213.5 Æ
*S/R 2.8 23.5 [30.7
2nd Æ 93.5 Æ 159.5 Æ 213 Æ
*S/R 3.1 9.4 0.35

COD12 1st Æ 106.5 Æ 120 Æ 214.5 Æ
*S/R 5.6 21.0 [27.7
2nd Æ 89.5 Æ 142.5 Æ 206 Æ
*S/R 4.0 14.9 0.26

These values were taken with increasing temperature during the Ðrst (1st) and second (2nd) heating cycles (heating rate] 15 ¡C min~1). Cr, N, I1and refer to the solid phase, the nematic phase, the isotropic liquid before cyclization and the isotropic liquid after cyclization, respectively.I2The Æ indicates the observed phases and * denotes a transition temperature observed by microscope at the same heating rate.

per min), which shows that during the cyclization the loss of
mass is negligible.

Fig. 2 gives the thermal behavior of series I and II during
the Ðrst heating step and the Ðrst temperature transition in the
cooling step. For series II, a monotropic mesophase with a
short nematic range was observed for the Ðrst four members
of the series. This nematic phase is not observed for series I,
whose core contains only three rings. In our previous study,
we showed that the short spacer permits the alignment ofCH2the lateral motif along the core.10 The rigidness of the core,
particularly the section of the core where the lateral substit-
uent is hooked, is very important for inducing liquid crystal
behavior. The choice of lateral substituent is also important.
From the present and our previous works, we propose the
following trend for the efficiency of these lateral fragments in
promoting nematic properties : ÈCH2ÈN(R)2\ ÈCH2ÈO
ÈCOÈphiÈOR\ ÈOÈCH(R)2 \ ÈOÈCH2ÈphiÈA\ ÈOR
(where phi is a benzene ring, A is a substituent, R is a chain).

In Fig. 2, it is clear that the maximum of the cyclization
peak is at the same temperature regardless of the chain length.
This indicates, as expected, that the intramolecular reaction
does not involve other parts of the molecule. In addition,
unlike the other peaks on the DSC curve, the position of this
peak is dependent on the temperature ramp. A slower ramp
shifts this peak towards lower temperature, showing the e†ect

of thermal activation on the intramolecular reaction. The T INof the mixture depends on the number of rings in the 2H-
indazole compound: from series I to series II, an average
increase of 70 ¡C was observed.

In Fig. 3, we present the DSC curves of a homologous com-
pound of series I in which the leaving molecule is H2O.
During the cyclization, water is formed and leaves the medium
at the reaction temperature, yielding the 2H-indazole com-
pound, rather than a mixture. By comparing the transition
temperatures between the reaction product and the pure 2H-
indazole, we can have some idea about the cleanliness of the
reaction. There is only a 10 ¡C decrease in the temperatureT INbetween the two DSC curves, showing that the yield of the
reaction is quite high and without signiÐcant amounts of
byproducts.

13C Chemical shift analysis

We chose to study by 13C NMR the COD12 compound,
because it does not have any enantiotropic nematic phase and
its temperature is rather low. Prior to doing the NMRT KNexperiment, the sample was melted in an oven and then kept
at 123 ¡C for 5 min. Fig. 4 presents the spectra of the sample
at constant temperature (T \ 123 ¡C) as a function of time.
The compound started in the isotropic phase. As the reaction
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Fig. 2 Thermal behavior of series I and II during the Ðrst heating
step and the beginning of the Ðrst cooling step. The arrows indicate
the heating or the cooling step. is the position of the exothermicTcyclpeak due to cyclization and the others are phase transition tem-
peratures (for example, is the temperature at which the mixtureTINstarts to be nematic on cooling).

proceeded, some indazole molecules were formed, and this
induced the transition of the melt into a nematic phase. At
t \ 75 min (spectrum c), there was a coexistence of the iso-
tropic and the nematic phases. After this, the mixture was
purely nematic and the sample was quite homogeneous, as
indicated by the reasonable linewidths of the peaks obtained
in the nematic phase.

The aromatic peaks (above 100 ppm) show large positive
jumps because of chemical shift anisotropies caused by the
alignment of the molecules, which have a positive anisotropy
of the magnetic susceptibility (*v) due to the aromatic rings in
the core. The aliphatic peaks (below 80 ppm) seem to have
negative jumps in the nematic phase, especially those of the

groups. However, a careful analysis must be made toÈCH2OÈ
assign the peaks. In the isotropic phase, the two ÈCH2OÈ
groups in the dodecyloxy chains have nearly the same chemi-
cal shift in the isotropic liquid (i.e., 68.71 and 68.57 ppm),
while the lateral group is more shielded (62.28 ppm).ÈCH2OÈ
The corresponding assignment is given in Fig. 4. In the
nematic phase, the two groups in the dodecyloxyÈCH2OÈ
chains would experience negative jumps like the other carbons
in these chains, but the magnitude of the jumps would not be
the same because of di†erent orientations of the chains. The
one attached to the central core would experience a larger
negative jump and the one attached on the lateral phenyl ring
would have a smaller negative jump due to the particular
orientation of the lateral fragment.12 Conversely, the orienta-
tion of the group directly attached to the core wouldÈCH2OÈ
cause this fragment to have a positive jump, as observed in
similiar compounds.10 These considerations led to the assign-
ment given in Fig. 4(d).

With increasing time, three major features can be noted : (1)
the sample seemed to be homogeneous, because the linewidths

Fig. 3 DSC curves of a parent compound of CO6, in which the
lateral chain contains the motif, and of the pure cyclizedÈCH2OH
compound during the Ðrst cycle of heating and cooling (heating rate
and cooling rate ^15 ¡C min~1).

were quite constant with time ; (2) the ordering of the phase
gradually increased, as indicated by the increase of the aro-
matic carbon chemical shifts ; and (3) the rate of the internal
cyclization is rather slow at this temperature as no extra peak
is clearly seen in the aromatic region after 4 h. In the ÈCH2OÈ
region, there is accordingly no obvious disappearance of the

signal associated with the lateral group attached toÈCH2OÈ
the core. Therefore, we conclude that, when the mixture
started to be nematic, only a small percentage of molecules
had reacted. This small amount was sufficient to orient the
remaining unreacted COD12 compound.

Activation energy

The activation energy of the cyclization process was simply
determined by observing the reaction under the polarizing
microscope in the following way. If we assume that at any
temperature the nematic phase starts to form when a Ðxed
concentration of the 2H-indazolic compound is produced, we
can follow the kinetics of the reaction by tracking the time tappfor the Ðrst liquid crystal droplet to appear in the melt, at
each temperature. If we further assume that the cyclization of
the compound obeys Ðrst-order kinetics, an Arrhenius depen-
dence of the kinetic constant gives : Inln(tapp) \ A] Ea/RT .
Fig. 5, the kinetic curves for all the compounds of the two
series are presented. For compounds in series I, we have
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Fig. 4 13C NMR spectra of COD12 compound at 123 ¡C with
increasing time. For each spectrum, the number of scans is 200, acqui-
sition time 0.09 s, recycle delay 1.9 s, with a decoupler power of 17
kHz.

Fig. 5 Plot of as a function of 1000/T for series I and II,ln(tapp) tappbeing the time when the Ðrst nematic droplet appears in the melt of
the sample at constant temperature. The last temperature was taken
to be 2 ¡C in series II (5 ¡C in series I) above the clearing temperature
of the Ðrst run for COD4, COD6, COD8, COD10 and 2 ¡C above the
melting temperature for COD12.

Fig. 6 X-ray ball-and-stick structure, showing the atomic number-
ing, of I4Cl at T \ [100 ¡C.

explored temperatures between 5 ¡C below the clearing temp-
eratures and down to 130 ¡C. In this range of inverse temp-
eratures, a linear behavior is obtained. The curves are almost
parallel, which is reasonable because the activation energy
would not be dependent on the chain lengths. From the slope,
an activation energy of kJ mol~1 wasEa \ 81.8^ 1.2
obtained. For compounds in series II, a linear behavior is
observed for temperatures considerably below the melting
point. From the mean slope of the linear segments for the last
four members of the series, the activation energy was found to
be kJ mol~1. The di†erence between the acti-Ea \ 71.5 ^ 0.8
vation energies reÑects the di†erence in the nucleophilicity of
the nitrogen N1 in both series. In series II, the oxygen in the
para position enforces the electron density in the aromatic
ring and consequently on nitrogen N1 as well ; this e†ect is far
less important with the butyl chain in series I. Near the
melting point in series II, it took less time for the Ðrst nematic
droplet to appear, and the curve is no longer linear. This indi-
cates that the starting material will help the formation of the
nematic phase despite the fact that it is itself in an isotropic
phase to start with. As expected, the curvature near the
melting temperature is more prominant if the nematic phase
exists (compare COD12 to the other compounds).

Structure analysis

It was not possible to grow single crystals of the indazole
compounds containing a terminal alkoxy chain. Therefore, we
present the X-ray structure of a compound (labelled as I4Cl)
having the same core containing the 2H-indazole ring, but dif-
fering in the end group : a terminal chlorine is introduced
instead of the terminal alkoxy chain.

As shown in Fig. 6, the three phenyl rings are designated as
ring 1 (atoms C1 to C6), ring 3 (atoms C15 to C20), and ring 4
(atoms C22 to C27). The fused indazole unit is perfectly
planar, and is designated as ring 2 (atoms C8 to C14). The
global geometry of the molecule can be deÐned by the angles
between the planes of the di†erent rigid fragments as follows :
nplane(ring1)Èplane[C6ÈC7È(O1)ÈO2]\ 12.19¡, nplane-

Fig. 7 Bond lengths and angles (deg) of the central section of(Ó)
I4Cl.
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Table 3 Selected torsion angles (in deg) deviating signiÐcantly from the plane

C8ÈO2ÈC7ÈO1 [ 6.57(0.27) C8ÈO2ÈC7ÈC6 173.23(0.15)
C5ÈC6ÈC7ÈO1 [167.82(0.19) C1ÈC6ÈC7ÈO1 11.74(0.28)
C5ÈC6ÈC7ÈO2 12.39(0.24) C1ÈC6ÈC7ÈO2 [168.05(0.16)
C7ÈO2ÈC8ÈC9 133.93(0.18) C7ÈO2ÈC8ÈC13 [52.63(0.22)
O2ÈC8ÈC9ÈC10 173.89(0.15) O2ÈC8ÈC13ÈC12 [174.17(0.16)
C21ÈO3ÈC18ÈC19 [122.43(0.18) C21ÈO3ÈC18ÈC17 60.88(0.23)
O4ÈC21ÈC22ÈC27 165.70 (0.18) O3ÈC21ÈC22ÈC27 [15.01(0.24)
O4ÈC21ÈC22ÈC23 [14.72(0.27) O3ÈC21ÈC22ÈC23 164.57(0.16)

[C6ÈC7È(O1)ÈO2]Èplane(ring2)\1.05¡, nplane(ring2)Èplane-
(ring3) \ 1.25¡, nplane(ring3)Èplane[C22ÈC21È(O4)ÈO3]\
58.85¡ and nplane[C22ÈC21È(O4)ÈO3]Èplane(ring4)\
14.99¡. It can be seen that rings 2 and 3 are nearly parallel,
indicating the extended p-electron delocalization between
these two rings induced by the N1 lone pair. Due to this con-
jugation, this nitrogen is sp2 hybridized.

Fig. 7 gives the bond lengths and bond angles in the central
section of the molecule. The central heterocyclic core is
usually considered as a delocalized aromatic system rather
than as dienes with localized bonding.6 However, the bond
lengths in the six-membered ring of the indazole reÑect di†er-
ent bond orders for the CÈC bonds : the C8ÈC13, C11ÈC12,
C10ÈC11 and C9ÈC10 bonds are longer than the C12ÈC13
and C8ÈC9 bonds. Due to the coplanarity of the fused ring 2
system and ring 3, there is a strong repulsion between H14
and H16, causing a signiÐcant opening of the C14ÈN1ÈC15
angle. The central core is slightly bent due to the non-
colinearity of the N1ÈC15 and C8ÈO2 bonds at each side of
the indazole structure. The angle between these two bonds is
equal to 157¡, which is very near the value of 155¡ measured
in a related compound.20

The molecular conformation is entirely deÐned by the
torsion angles deviating by more than 10¡ from coplanarity
(Table 3). As expected, these angles involve the two carbox-
ylate fragments, which are not in the same plane as the rings.

To keep the global rod-like shape of the molecules, the two
carboxylate groups point in opposite directions and the long
molecular axis is nearly aligned with the para axis of ring 3.
The axis of ring 1 is relatively o† from this direction.C2The projection of the crystal structure along the a axis is
presented in Fig. 8. The long axes of the molecules are quasi-
parallel ; the molecules are perfectly parallel to each other
because of crystallographic center of symmetry space(P16
group). The molecules are aligned along a unique direction,
having an arrangement typical of a nematogen compound.
They have the appearance of forming end-to-tail pairs.
However, the interactions between neighboring molecules are
very weak, and the shortest interatomic distances are very
close to the sum of van der Waals radii. For example, the
distance between Cl1 and C28 of pair molecules is 3.593 Ó
and the distance between two chlorine atoms of adjacent mol-
ecules is 3.705 Ó.

Fig. 8 Projection of the crystal cell along the a axis for I4Cl.

Conclusion

We have synthesized two new series of compounds containing
an active methylene in the ortho position of the diazo link in a
diphenyl diazene moiety. One series contains three phenyl
rings and the second one contains four ; both series contain a
lateral 4-n-alkoxybenzoyloxymethylene group. In spite of the
presence of this bulky fragment in the lateral chain, an enan-
tiotropic nematic phase is present when the core contains four
rings. Compounds in both series underwent an internal cycli-
zation between 200 and 215 ¡C, forming nematic mixtures
composed of a nematogenic 2H-indazole derivative and 4-n-
alkoxybenzoic acid. The mixtures obtained exhibit large
nematic ranges, which persist over further cooling-heating
cycles. 13C NMR indicates that at constant temperature the
mixture starts to become nematic even when the extent of the
intramolecular reaction is quite small. This can be attributed
to the anisotropic shape of the starting molecule, such that the
formation of only a few percent of mesogenic molecules force
the entire sample to change into a liquid crystalline state. This
result permits us to extract the activation energy from the
time it takes the Ðrst liquid crystalline droplet to appear in the
mixture at a constant temperature. The activation energy of
cyclization was found to be 81.8^ 1.2 and 71.5 ^ 0.8 kJ
mol~1 for the series having three rings and four rings in the
main core, respectively. The X-ray structure of a parent com-
pound containing the 2H-indazole fragment indicates that the
indazole ring and the directly attached aromatic rings are
nearly in the same plane, indicating an extended p-electron
delocalization between these two rings induced by the N lone
pair. The angle between the two bonds at each side of the
2H-indazole ring is equal to 157¡. Therefore, the 2H-indazole
fragment can act as an interesting rigid structure to build new
slightly bent mesogenic molecules.
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