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CÉCILE CANLET, BING M. FUNG

Department of Chemistry and Biochemistry, University of Oklahoma, Norman,
Oklahoma 73019-0370 , USA
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Mesogenic compounds containing four rings in the core usually have very high melting
points. However, when two identical lateral benzyloxy groups are introduced on the same
side of one of the central rings, the melting point is lowered dramatically and a large nematic
range is retained. This range is aŒected by the bulkiness of the para-substituents in the lateral
rings. Methyl groups can be introduced in the ortho- or meta-positions with a consequent
decrease in the melting temperature without much aŒecting the nematic range. These
compounds exhibit a rich solid polymorphism which is certainly related to the eŒect of the
conformations of the lateral substituent on the molecular arrangment in the solid phase.
Some preliminary NMR experiments on the nematic phase indicate that the molecular long
axis coincides with the core axis, whereas the para-axis of the lateral fragment makes an angle
close to the magic angle with respect to the molecular long axis.

1. Introduction part of the molecule, compounds with two rings in the
Lateral substituents normally cause a depression in main core do not present any mesomorphic properties,

the transition temperatures of a mesogen. Usually the whereas compounds with three rings may have some
clearing temperature is depressed more than the melting liquid crystalline properties, and adding a fourth ring in
temperature, leading for large lateral substituents to a the main core enlarges the mesomorphic range con-
loss of the mesophase [1–4]. This deleterius eŒect can siderably. The position of the lateral substituent is of
be counterbalanced by increasing the molecular aniso- considerable importance. It has been noted that the
tropy and consequently decreasing the in� uence of the � exible lateral substituent has to be aligned along
lateral substituent [5–7] or by letting lateral aromatic the core in the mesophase [14–16] in order to attain a
substituents come closer together through p–p interactions large mesomorphic range. There are two key points
in order to obtain more or less calamitic molecules [8]. about this: the rigidness of the fragment on which the
The � rst approach used by several groups [9–13] will substituent is attached and the position of the substituent
be developed in the following text. For example, if we which should be as near as possible to the molecular
consider a lateral alkoxy chain introduced in the middle centre. Under these conditions, the nematic phase is

preferred as the lateral substituents overlap the core
preventing the core-chain segregation.*Author for correspondence; e-mail: jpbayle@icmo.u-psud.fr
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636 C. Canlet et al.

We have shown recently that one lateral substituent of the substituents on the lateral aromatic branches
(R1 , R2 , R3

=H, Cl, F, CH3 , C2H5 , CH(CH3 )2 , C(CH3)3):bulkier than an aliphatic chain can be introduced in

the molecule without destroying the liquid crystalline

properties [17]. In these compounds a lateral chain and

a nearby aromatic ring were introduced as shown below:

The compounds are labelled following the type of sub-
stitution on the two equivalent lateral aromatic branches.
For example, compound 4-Cl (� gure 1) has one chlorine
in the para-position with respect to the ± CH2

± O± link
on each aromatic branch.

2. Experimental
2.1. Synthesis

The compound 4-Cl was prepared according to
Further replacement of the lateral chain by another the scheme shown in � gure 1; other compounds were
lateral ring is of interest as this is expected to increase synthesized using similar procedures.
the anisotropic shape of the molecule leading possibly The above procedure is similar to one already
to the attainment of biaxial nematics [18]. In this paper, published [17], with the exception of the preparation
we present the synthesis , the mesomorphic properties, and of 2,3-di-(4-chlorobenzyloxy )phenol. Thus, we will give
some 13C NMR spectra of new dilaterally substituted only the detailed procedure for this compound. 1 eq of
compounds containing two bulky lateral aromatic rings 1,2,3-trihydroxybenzen e (THB) and 2.5 eq of sodium
whose shapes are far from the conventional rod-like hydroxide were dissolved in a mixture of PEG200/
shape. These compounds contain the same four-ring dioxan (40/60) under nitrogen at 100 ß C. 2 eq of 4-chloro-
system as in the above structures: two aromatic rings benzyl bromide dissolved in the same solvent mixture
in the middle part of the molecule and two alicyclic were added slowly, and the resulting mixture was kept
rings at the ends. In one of the inner aromatic rings, at 100 ß C for 24 h. Then, the dioxen was evaporated,
two equivalent lateral benzyloxy groups are intro- water was added, and the mixture was acidi� ed. After

three extractions with ether, the resulting ethereal phaseduced. The compounds diŒer in the types and positions

Figure 1. Synthetic scheme for compound 4-Cl.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



637L ateral dibenzyloxy-branched nematogens

was washed several times with 1M aqueous acid to negative anisotropic magnetic susceptibility Dx, but
contains no aromatic carbons to interfere with the NMRremove the PEG200. After drying and evaporating the

solvent, the crude product was chromatographed on signals in which we are interested. We used samples
containing approximately 50 wt % of ZLI 1167 andsilica gel (60–200 mesh) with CH2Cl2/heptane (80/20)

as eluent, and the disubstituted phenol was collected 50 wt% of our compounds. Under these conditions, the
resulting mixture is a liquid crystal at room temperature,as the second fraction. The compound collected was

pure 2,3-di-(4-chlorobenzyloxy )phenol free from the has a clearing temperature just below 100 ß C, and
possesses a positive Dx which leads to the alignment of2,6-disubstituted isomer.
the director parallel to the magnetic � eld.

2.2. DSC experiments
The phase transitions were obtained using a Perkin- 3. Results and discussion

3.1. T ransition temperatures of the unmelted compoundsElmer DSC7 apparatus and characterized by using
a BH2 Olympus polarizing microscope � tted with a The transition temperatures from the � rst heating

cycle (heating rate of 10 ß C min Õ 1) starting from thePR 600 Linkam heating stage—see the table.
unmelted compounds are given in the table.

All the compounds exhibit an enantiotropic nematic2.3. NMR experiments
It will be shown that the pure compounds exhibit phase. Figure 2 provides a comparison of the transition

temperatures. Several comments can be made about thesolid polymorphism, with a rather drastic change in the
density in the solid phase. The change in density during data shown in the table and � gure 2: (1) The replacement

of one lateral ring bearing a terminal methyl groupthe solid–solid phase transitions caused the NMR tubes
to break on cooling or heating the sample. To avoid (compound 4-CH3 ) by a hexyloxy chain (compounds

4-CH3-C6COO and 4-CH3-C6NN ) has little eŒect onthis problem and to decrease the melting temperature,
we chose to mix the compounds studied, 4-CH3 and the transition temperatures, because the second ring � ts

into the empty space created by the � rst one. Thus the4-CH(CH3)2 , with ZLI 1167, which is an eutectic mixture
of n-alkylbicyclohexylcarbonitriles . ZLI 1167 has a packing in the nematic phase is not aŒected too much

Table. Transition temperatures (in ß C) and related entropies for the 10 new compounds. These values are taken with increasing
temperature (heating rate 10 ß C min Õ 1). Two previously published compounds (indicated by *) have been added to the table
for comparison. In these compounds, one of the lateral benzyloxy rings is replaced by a hexyloxy chain ortho- to the azo
bond (4-CH3-C6NN ) or ortho- to the ester bond (4-CH3-C6COO).

Compound Cr1
� Cr2

� N � I
(DSCrCr/R) (DSCrN/R) (DSNI/R)

H (1) E 76.5 E 79.5 E 175 E

(9.2 ) (1.4) (.26)
4-CH3 (2) E 73.5 E 162.5 E

(9.1) (.20)
4-CH3-C6NN(*) E 55 E 162.5 E

(44.7) (1.1)
4-CH3-C6COO(*) E 74 E 150.5 E

(35.2) (.80)
4-C2H5 (3) E 72 E 80 E 146.5 E

(4.6 ) (9.1) (.15)
4-CH(CH3)2 (4) E 97 E 122 E

(11.1) (.11)
4-C(CH3)3 (5) E 103.5 E 106 E

(11.2) (.096)
4-F (6) E 86 E 166 E

(9.3) (.17)
4-Cl (7) E 105 E 152.5 E

(10.5) (.16)
3,5-diCH3 (8) E 100 E 152.5 E

(10.7) (.16)
2,5-diCH3 (9) E 70 E 134 E

(8.6) (.19)
2,4,6-triCH3 (10) E 94 E

(.12)
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638 C. Canlet et al.

decrease of the conformational disordering of the lateral
fragment induced by the steric hindrance of these methyl
groups. This hindrance may permit a better alignment of
the lateral substituents along the core with a consequent
reduction in the interactions in the solid phase.

The values of DSNI/R (see the table) have the same
order of magnitude as for other laterally disubstituted
compounds with an aromatic branch and an alkoxy chain
[17]. However, the actual values are slightly smaller
than the corresponding values obtained for compounds
containing a single lateral chain (DSNI/R typically in the
range of 0.5 to 0.8) [15] and in the same range as those
for compounds containing two alkoxy chains (DSNI /R
typically in the range of 0.15 to 0.2) [6]. It is interestingFigure 2. Nematic ranges of the 10 compounds. The transition
to note that DS

NI
/R decreases smoothly from compound 1points were measured by DSC (Perkin-Elmer DSC7)

using a heating rate of 10 ß C min Õ 1. to 5, showing again that the bulkiness of the para-group
on the lateral ring perturbs the stability of the mesophase.

if there are two lateral rings instead of one lateral ring
and one lateral chain. (2) The bulkiness of the substituent 3.2. T hermal behaviour upon temperature cycling

All the compounds except 4-C(CH3)3 and 4-Cl presentin the para-position of the lateral ring plays an important
role, and the nematic range decreases steadily when the an interesting behaviour upon temperature cycling. A

large diŒerence is seen in the thermograms on increasingsize of the para-substituent on both rings changes from
hydrogen to a t-butyl group. This type of substitution the temperature before and after the sample is melted.

As an example, we present in � gures 3 and 4 the thermaladds to the molecular width, with a consequent increase
in the molecular disordering and a reduction in meso- behaviour of the compounds 4-CH(CH3)2 , 4-C2H5

and H.phase stability. (3) The replacement of the terminal
hydrogen by a � uorine or chlorine atom does not help. Let us � rst consider the behaviour of 4-CH(CH3)2 pre-

sented in � gure 3. During the � rst heating at 5 ß C min Õ 1,Therefore, it seems that the size of the substituent has
a major eŒect, and the lateral dipole does not play a � gure 3 (a), the solid–nematic transition appears at

97 ß C (see the table). After cooling and crystallization ofpredominant role and has no eŒect on the phase type.
For example, H and 4-F have almost the same transition the compound, one new peak appears as a solid–solid

transition. More surprisingly, the new melting temper-temperatures, but the nematic range is strongly reduced
in 4-Cl. (4) The introduction of methyl groups away ature is 77.5 ß C, showing a decrease of nearly 20 ß C in

comparison with the temperature obtained in the � rstfrom the C2 axis of the lateral ring noticeably decreases
the clearing temperatures. Interestingly , when these methyl run. The clearing temperature on further heating remains

the same at 122 ß C, indicating that no chemical changegroups are introduced pointing towards the centre of
the molecule, the melting temperature decreases sub- is involved in the modi� cation of the thermogram. This

shows clearly that at least three kinds of structurallystantially, yielding a nematic phase at room temper-
ature for 2,4,6-triCH3 . This eŒect may be related to the diŒerent solids can be obtained, depending on the thermal

Figure 3. Successive thermograms of 4-CH(CH3)2 . (a) Upper, unmelted compound; lower, melted compound. (b) The sample was
subjected to diŒerent thermal treatments (see text) before the thermograms were recorded.
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639L ateral dibenzyloxy-branched nematogens

Figure 4. Successive thermograms of compounds 4-C2H5 ( left) and H (right). The temperature cycling was a heating step:
35–200 ß C, then a cooling step: 200–35 ß C with a heating/cooling rate of 10 ß C min Õ 1 and a 30 min hold at 35 ß C before the
next cycle.

history of the compound. Microscopic observation, after intense. The maxima of the remaining peaks appear
at the same temperature, but the intensity of the � rstmelting and cooling the sample, showed that this solid

crystallized in needles (Cr2 ). If the second heating process endothermic peak increased slowly on further cycles;
from top to bottom in � gure 4 (a). The conversion intois stopped at 82 ß C when the Cr

3
form has melted into

the nematic phase, a new (button shaped) solid (Cr
4
) the solid phases can be followed optically. When we

left the compound at 40 ß C for 1 h, a nicely crystallizedcrystallizes very slowly in the nematic phase. This solid
melts into the nematic phase on further heating to 91 ß C. sample was obtained. When we heated this � lm at

73.5 ß C (maximum of the exothermic peak), there was aIf the heating is stopped at 94 ß C, Cr1 solid grows in
the nematic phase as nice prisms. This solid melts at structural change in the � lm corresponding to the solid

stable at high temperature. Many cracks appear in97 ß C, the same temperature as that for the unmelted
compound. Cr1 is the last solid obtained in the cycling the sample: obviously Cr2 is more dense than Cr1 . The

exothermic peak is probably induced by some structuralprocess, therefore it is the thermodynamically stable
crystalline phase. This behaviour is further illustrated in changes in the conformation of the lateral substituent.

In � gure 4 (b), two thermograms of the compound H� gure 3 (b). The sample was heated above the clearing
temperature, then cooled at 15 ß C min Õ 1, and left at 35 ß C are presented for the unmelted and melted material.

Obviously, after melting the original sample, new solidfor 30 min. Then, the sample was heated to 82 ß C and
left at this temperature for 30 min ( longer periods gave phases were formed. Under microscopic examination, a

clear solid–solid transition was observed at 70 ß C corres-the same DSC curve). The sample was then cooled to
35 ß C, and the thermogram was recorded with a heating ponding to the � rst transition, giving the solid Cr3 which

melts at 79 ß C to give the nematic phase. When therate of 5 ß C min Õ 1 up to the clearing point. The thermo-
gram in � gure 3 (b,1) shows the same melting temper- temperature was kept constant at 84 ß C, a new solid

appeared. This solid grew into the nematic phase asature at 91 ß C, which is evidence for the formation of
solid Cr4 . In a second thermal treatment, the sample platelets which melted at 91.5 ß C, corresponding to the

small � nal peak in the DSC trace. As shown on thewas similarly treated, but was left at 82 ß C for only 1 min
instead of 30 min before cooling to 35 ß C (and left at this thermogram, the solid Cr5 appears on cooling, but it is

kinetically unfavourable.temperature for 1 h). The thermogram, � gure 3 (b,2 ),
shows two solid–nematic transitions, one at 91 ß C and
the second at 97 ß C, indicating that Cr4 and Cr1 solids 3.3. Chemical shift changes of the aromatic rings

Figures 5 (a) and 5 (b) show the 13C NMR spectra of thewere obtained simultaneously by this particular thermal
treatment. When this sample was left overnight at 35 ß C phenyl carbons in 4-CH3 in the mixture ZLI 1167-4-CH3 .

In the nematic phase, 5 (b), all the aromatic peaks showinstead of 1 h, the Cr4 solid was completely converted
into Cr1 , � gure 3 (b,3). large changes in the chemical shifts compared with those

in the isotropic phase, 5 (a). Changes in the quaternaryThe compound 4-C2H5 exhibits a diŒerent behaviour,
� gure 4 (a). In the solid phase, four peaks were observed carbons usually are the largest due to the particular

position of the para-axes with respect to the frame of thein the thermogram during the � rst heating; three are
endothermic and one is slightly exothermic. During chemical shift tensor, especially the carboxy (Ca and Cb)

carbons and the phenyl carbons along the para-axisthe second heating, the smallest endothermic peak
disappeared, and the exothermic peak became more in the phenyl rings of the core (C1, C4, C5, and C8).
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640 C. Canlet et al.

lateral chain by a second lateral aromatic ring does not
appreciably modify the relative position of the molecular
long axis. Thus, the para-axis of the ring bearing C1 and
C2 in 4-CH3 also aligns with the long core molecular
axis.

The two new peaks appearing in the 150–170 ppm
region are attributed to the quaternary carbons C15 and
C18. Comparing the chemical shifts of all the peaks
in � gures 5 (b) and 5 (c), it can be seen that the four
quaternary carbons (C11, C14, C15 and C18) belonging
to the lateral aromatic rings have much smaller aniso-
tropy than C1 and C4, but have anisotropies similar to
those of C9 and C10, which are the quaternary carbons
not placed on the molecular long axis. This indicates
that the order parameters S

zz
for the lateral rings are

small due to the tilt of the para-axis in the lateral branch.
Some molecular dynamics calculations (using Nemesis

2.0 program) were performed for a single molecule in
order to obtain information about the steric hindrance
between the two lateral branches. The results are given
in � gure 6, which shows that one lateral aromatic branch
is below the mean plane to which it is attached, while
the other is above that plane. This molecular arrange-
ment is possible due to the gauche-conformation of the
� rst fragment. The two para-axes of the lateral rings are
close to the magic angle with respect to the molecular
long axis.

4. Conclusion
New nematic compounds deviating from the classical

rod-like shape have been synthesized. They contain four
rings in the main core and two nearby, lateral, sub-
stituted benzyloxy groups. They exhibit a wide nematic
range which decreases with the bulkiness of the para-
substituent of the lateral benzyloxy branches; if the lateral
branch is substituted in the ortho- or meta-position, the
melting temperatures decrease with a small eŒect on

Figure 5. Aromatic chemical shifts in 4-CH3 in the isotropic
the nematic range. These compounds exhibit a rich solid

phase (a) and comparison of the anisotropic chemical
polymorphism. Several solids with diŒerent meltingshifts in 4-CH3 (b) and in 4-CH3-C6NN (c) at the same
temperatures can be obtained depending on the thermalreduced temperature (T /TNI

= 0.94).

When the anisotropic spectrum is compared with that
of pure 4-CH3-C6NN at the same reduced temperature,
� gure 5 (c), the features are essentially the same, except
for the peaks of the second lateral phenyl ring (C15 and
C18 are resolved, and C16 and C17 are not resolved).

In the compounds 4-CH3-C6NN and 4-CH3-C6COO,
it was shown that the para-axes of the phenyl rings of
the core nearly align with the molecular long axis and
are not very dependent on the relative position of the
lateral chain and the lateral ring [17]. Judging from the
identical positions of C1 and C4 peaks shown in � gures Figure 6. Minimized molecular conformation in compound

H using Nemesis program.5 (b) and 5 (c), we can assert that the replacement of a
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