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Two novel series of bent-shaped achiral azo compounds with the following molecular structures have

been synthesised and characterised.
o Mra
© R

Series 1
Ry = Ry = CgHy7, CigHa1. OCaHy7, OC oMy
Ry = CyoHzy: Rz = OCgH17. OCyqH24

2

o7 B
RQN¢N Series 2 N”NOR

-X=Y- : -N=CH- or -CH=N-
R =CqHy7. CygHz¢ and OCyqHy¢

The object of the present work was to study the effect of molecular structure on the mesomorphic
properties of bent-shaped molecules. The compounds of series 1 exhibit different types of banana
mesophases. These compounds with unsymmetrical molecules exhibit mainly B, phase, in addition

* Author for correspondence: Dr. Veena Prasad, Centre for Liquid Crystal Research, Post Box No.
1329, Jalahalli, Bangalore 560 013. Tel: 080 — 8381119, Fax: 080 — 8382044, E - mail:
ucler@giasbg01.vsnl.net.in or clcr@vsnl.com
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to other higher ordered smectic mesophases (X, and X3, the optical textures of which are reminiscent
of banana phases). The compounds of series 2, with symmetrical molecules exhibit only one type of
mesophase i.e., B; when (-X=Y-) = (-N=CH-) and X4 (unidentified mesophase with textural features
of a banana phase) when (-X=Y-) = (-CH=N-). From the studies carried out here, it has been found
that, even minor modifications such as, the reversal of linkage groups in the molecules can lead to a
considerable change in the mesomorphic properties.

Keywords: bent-shape; azo compounds; B, phase; B, phase

INTRODUCTION

Ferro/antiferroelectric liquid crystalline compounds composed of bent — shaped
achiral molecules are very interesting subjects which have recently attracted
much attention. Since the discoveryl of such materials showing new type of mes-
ophases, various structural variants of the parent compound i.e., 1,3-phenylene
bis[4-(4-n-alkylphenyliminomethyl)benzoates] have been reportedz"lz. As a
consequence of the sterically induced packing of the bent — molecules, smectic
layers with C,,, C, and possibly also C,,, or C; symmetry could occur'3, giving
rise to ferro-, ferri-, or antiferroelectric properties. As the structure of the mes-
ophases exhibited by these bent or banana — shaped compounds is not com-
pletely understood, a tentative classification scheme has been proposed in which
the phases are labeled with the code letters B)....B5 according to the sequence of
their discovery4. Among the physical properties of the “banana mesophases”, the
electrooptical behaviour is of particular interest which also gives some hints
about the structure of these mesophases. Among the seven phases, the electroop-
tical switching has been observed only in B,, B5 and B phases.

When we examined the literature of bent-shaped molecules we observed the
following two important factors: (i) from the view point of the chemical struc-
tures, the molecules with five, six and seven aromatic rings have been found to
exhibit banana phases; (ii) however, in all these compounds, one notices that,
either the same type of linkages (-COO-) or two different types of linkages
(-COO- and -CH=N- or -COS- or -C=C-) have been utilised. No compounds
consisting of an azo linkage have been reported to form banana phases. The
observation of banana phases in azo compounds assumes significance from the
fact that, the introduction of -N=N- linkage brings in a new dimension to this
field, namely, photochromism. Having this idea in mind, we aimed at the synthe-
sis of bent — shaped molecules with an azo linkage in it. Towards this end, the
first molecule which we synthesised was 1,3-phenylene bis[4-(4'-decyloxyphe-
nylazo)benzoate] . But to our surprise, we found it to be non-mesomorphic.
Therefore, we thought of introducing an imino linkage in this molecule, as it has
been found that the -CH=N- linkage is more conducive to mesomorphism. As
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expected, we succeeded in obtaining banana phases in novel bent-shaped azo
compounds (Series $ shown in figure 1) and we have made a report of this obser-

vation in our previous communication ',

As a continuation of our investigation on bent-shaped azo compounds forming
banana phases, we have further synthesised two more series of compounds. The
molecular structures of these compounds are shown in figure 1. We have already
reponed15 the mesomorphic properties of the compounds of series $. In this
paper we are reporting the synthesis and liquid crystalline properties of the com-
pounds of series 1 and 2. As we can see from figure 1, the compounds of series $
and series 1 are composed of unsymmetrical molecules, whereas the compounds
of series 2 are composed of symmetrical molecules. All the compounds synthe-
sised in these series are found to be liquid crystalline, forming textures reminis-
cent of banana phases.

EXPERIMENTAL

Synthesis

Chemicals and solvents (AR quality) were obtained locally and used as such
without any purification. The synthesis of compounds of series $ has been
described previously's. The compounds of series 1 and 2 were synthesised fol-
lowing the routes shown in Scheme 1. Thus, the first four compounds of series |
are obtained by esterifying the intermediate A with the respective 4-alkyl / alky-
loxy — 4" — hydroxyazobenzenes. The last two compounds of this series are
obtained by the esterification of the intermediate C with 4- alkyloxy — 4' —
hydroxyazobenzenes. The compounds of series 2 are obtained by the esterifica-
tion of intermediates D and E with the respective 4-alkyl / alkyloxy — 4’ -
hydroxyazobenzenes. All the required 4-alkyl / alkyloxy — 4’ — hydroxyazoben-
zenes were prepared following the procedure already reportedl(’. All the interme-
diates and final compounds were purified either by column chromatography or
recrystallisation, as per the requirement, using the appropriate solvents. The puri-
ties as well as the chemical structures of all the compounds synthesised were
confirmed by spectral data. IR spectra were recorded on a Perkin-Elmer spec-
trum 1000 spectrometer. 'H NMR spectra were recorded in CDCl; on a
200 MHz Bruker Aveance Series DPX-200 NMR spectrometer, using Me,Si as
an internal standard. The elemental analysis were obtained from Atlantic Micro-
lab, Inc., P.O. Box 2288, Norcross, GA 30091. The transition temperatures were
determined using a Mettler FP82HT hot stage and central processor in conjunc-
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tion with Leitz DMRXP polarising microscope. The enthalpies of transitions
were determined from thermograms obtained with a differential scanning calo-
rimeter (DSC Perkin-Elmer). The heating and cooling rates were 10°C/min.

T ’
<) ) Ry = Ry = CgHy7, CioHay, OCaHy7, OC40H24

Series 1

D/IE *+ (5 S ‘x ’
s o2 B 0,

R =CqHyz, c1o“:1 8nd OCqoH
Series 2

SCHEME 1
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The analytical data obtained for all the intermediates and the final compounds
were satisfactory. The intermediates B and C are also found to be liquid crystal-
line, which will be communicated elsewhere'”. The analytical data obtained for
the representative compounds of both the series are given below.

R1 = R2 = 'C10H21 (Series 1)

IR viax cm™! (nujol mull): 2920, 2852, 1744, 1594, 1462, 1377, 1286, 1233,
1097, 1081, 920, 884, 864; '"H NMR Oy: 0.88 (t, ] = 6.6 Hz, 6H, -CH3), 1.20-
1.80 (m, 32H, -CH,-), 2.69 (t, ] = 7.4 Hz, 4H, Ar-CH,-), 7.33 (d, ] = 8.4 Hz, 4H,
ArH), 7.42 (d, J = 8.4 Hz, 4H, ArH), 7.58 (m, 2H, ArH), 7.83 (d, ] = 8.4 Hz, 4H,
ArH), 8.03 (d, J = 8.4 Hz, 4H, ArH), 8.17 (m, 4H, ArH), 8.35 (d, J=8.4 Hz, 2H,
ArH), 8.65 (s, 1H, -CH=N-). Elemental Analysis: Found, C, 78.11 %, H, 7.45 %,
N, 7.74 %.

(C59Hg704N5 requires, C, 77.89 %, H, 7.37 %, N, 7.70 %).

R1 = Rz = 'OC10H21 (Series 1)

IR vihax cm™! (nujol mull): 2922, 2854, 1744, 1603, 1462, 1377, 128S, 1252,
1150, 1027, 920, 884, 842; 'H NMR 6g: 0.89 (m, 6H, -CHj), 1.25-1.84 (m, 32H,
-CH,-), 4.05 (t, ] = 6.6 Hz, 4H, Ar-OCH,-), 7.03 (d, J = 8.8 Hz, 4H, ArH), 7.39
(d, J =8.8 Hz, 4H, ArH), 7.57 (m, 2H, ArH), 7.92 (d, ] =9.0 Hz, 4H, ArH), 7.98
(d, J=9.0 Hz, 4H, ArH), 8.12 (m, 4H, ArH), 8.35 (d, J = 8.4 Hz, 2H, ArH), 8.65
(s, I|H, -CH=N-). Elemental Analysis: Found, C, 75.28 %, H, 7.21 %, N,
7.41 %.

(CsoHg04Ns requires, C, 75.24 %, H, 7.12 %, N, 7.44 %).

R1 = 'C10H21 and R2 = 'OC10H21 (series 1)
IR Vpax cm™! (nujol mull): 2928, 2854, 1744, 1604, 1462, 1377, 1286, 1254,
1151, 1076, 1025, 920, 884, 843; 'H NMR Sy: 0.88 (m, 6H, -CH3), 1.28-1.82
(m, 32H, -CH,-), 2.69 (t, J =72 Hz, 2H, Ar-CH,-), 4.05 (t, J = 6.6 Hz, 2H,
Ar-OCH,-), 7.02 (d, 9.0 Hz, 2H, ArH), 7.29-7.42 (m, 8H, ArH), 7.54 (m, 2H,
ArH), 7.81-8.12 (m, 10H, ArH), 8.33 (d, J =8.4 Hz, 2H, ArH), 8.64 (s, 1H,
-CH =N-).

Elemental Analysis: Found: C, 76.14 %, H, 7.16 %, N, 7.59 %.

(C59Hg705N< requires, C, 76.54 %, H, 7.24 %, N, 7.57 %)

R = -CoH»; and -X=Y- = -N=CH- (Series 2)

IR vax cm™! (nujol mull): 2920, 2852, 1744, 1594, 1462, 1377, 1280, 1230,
1076, 914, 876, 852; '"H NMR dy: 0.88 (m, 6H, -CH3), 1.28-1.82 (m, 32H,
-CH,-), 2.69 (t, J = 8.0Hz, 4H, Ar-OCH,-), 7.14-7.45 (m, 12H, ArH), 7.83 (d,
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J=8.4Hz, 4H, ArH), 7.98 (d, J= 8.4 Hz, 4H, ArH), 8.07 (d, J = 8.4 Hz, 4H,
ArH), 8.32(d, ] = 8.4 Hz, 4H, ArH), 8.62 (s, 2H, -CH=N-).

Elemental Analysis: Found, C, 78.50 %, H, 7.20 %, N, 8.37 %.

(C¢gH7,04Ng requires, C, 78.26 %, H, 7.12 %, N, 8.30 %).

RESULTS AND DISCUSSION

The transition temperatures and the associated enthalpies for the compounds of
series 1 and 2 are given in the table I and Il respectively. The mesomorphic prop-
erties of the compounds of series $ are discussed previous]ylS. They mainly
exhibit the B phase. The lower homologues with n =4 and 6, exhibit a high
temperature phase (X,) as well above the B phase. They show focal conic tex-
ture for the X phase. Since the X, phase appears above B phase and it exhibits
focal conic texture with the features of B phasez, we opined that the phase X
may be either B¢ or a new banana phase.

TABLE I Trasition temperatures (°C) and the enthalpies of trasitions (kJ mol"), in italics for the
compounds of series |

R, R, cr - X X,? B, 1

-CgHy7 -CgHy4 e 1520 - - o 2200
43.76 18.03

-CyoHy, -CoHa; . 1465 - e 2160 o
45.1 17.12

-OCgH 5 -OCgH5 2005 - o (I855) s 2295
59.74 19.6

-OCjgHy,  -OCigHy, = 1890 - . 2060 o 2325 e
50.25 17.02

-CioHy, OCgH;; ¢ 1695 o (1520) o  (167.0) ¢ 2320
54.98 26.0 19.26

-CygHa, OC|gHyy » 1725 o (1595 1870 ¢ 2300

58.42 29.6 21.23

a. Cr- Cr transitions are observed before melting for all the compounds.
b. This transition is seen only under the microscope and in DSC thermogram there is no peak corre-
sponding to this transition.

Table I gives the transition temperatures for the compounds of series 1. Now
let us discuss the mesomorphic properties of these homologues. The compounds
with R; =R, =CgH,7 and C|gH,; show only the B, phase. The mesophase
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ranges for these two compounds are 68°C and 69.5°C respectively. The com-
pounds with Ry = Ry = OCgH 7 and OC,gH,; show two mesophases. The high
temperature mesophase is a B phase and the optical texture observed for the low
temperature phase (X,) did not resemble any of the known banana phases. The
compounds with R; = C,¢H,; and R, = OCgH 7 and OCyH,, exhibit three dif-
ferent types of smectic phases. The mesophase sequence for these two com-
pounds is I - B} — X, — X3. While the X3 phase is monotropic for both the
compounds, the X, phase is monotropic for the compound with Ry = OCgH 5
and enantiotropic for the compound with R, = OCyH,;.

TABLE II Transition temperatures (°C) and the enthalpies of transitions (kJ mol ™Y in italics. for the
compounds of series 2

R X=Y- X, B, 1
-CyH 5 -N=CH- . 171.5 - . 271.0° .
34.23
-CgHa, -N=CH- . 166.5 - . 27157 .
458
-OCgHy;,  -N=CH- . 210.5 - . 280.0° .
42.38
-C4H; -CH=N- 173.0 . 244.0 - .
3532 14.04
-CyoHa -CH=N-  « 168.5 . 245.0 - .
36.25 14.32
-OCygHy  -CH=N- o 180.0 . 226.0 - .
35.08 13.02

a. Cr - Cr transitions are observed for all the compounds before melting.
b. Partial decomposition is there at this temperature.

The DSC thermogram for the compound with R} = C|yH,; and R, = OCgH,
which exhibits all the three types of mesophases (B, X; and X3) is shown in
figure 2. In heating cycle (a), we see a strong peak at 169.5°C which corresponds
to the melting of crystal to mesophase (B) as observed under the optical polaris-
ing microscope and the second peak at 232°C is for the transition of B| mes-
ophase to isotropic liquid. In cooling cycle (b) we see three peaks. The first peak
corresponds to I — B and the second peak to X, — X transitions. Note that there
is no peak at 167°C corresponding to B| — X, transition. The last broad peak cor-
responds to X3 — Cr transition. Now let us discuss the microscopic textural
observations of this compound in connection with the cooling cycle of DSC the-
mogram obtained. On cooling from the isotropic liquid it forms a texture shown
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T Sy
wﬁ A Series $ ( ref.15) "

R = OC4Hp, OCqHy3, OCgH17, OC1oH24

Yol
O,
RD/ &NO i Series 1 NORZ

i
Ry = Ry = CgHy7, CqgH2y, OCgH17, OC4gH2
Ry = CygH2; Ry = OCgHy7, OCyoHy

i~ O\ <
MQ O\SOA" " Y\Qﬁ’
N o ) N
RO Series 2 N \©\R

-X=Y- : -N=CH- or -CH=N-
R = CgHy7, C1oH21 and OCygHp,

FIGURE 1 Molecular structures of different series of compounds synthesised

in figure 3(a). The preliminary x-ray measurements indicated that the phase is of
the B, type. On further cooling, around 167°C coloured wrinkles start appearing
on this texture (shown in figure 3(b)) and it looks as if the texture is broken (X,
phase). We do not see any peak for this transition in the DSC thermogram in the
cooling cycle. When we tried to disturb the coverslip, it moved easily. Further
cooling of this mesophase, showed a pattern (X3 phase, shown in figure 3(c))
which is reminiscent of the texture of a B, / B3 mesophase (since both the B, and
B phases have similar textural features, only eletrooptical switching studies can
differentiate between the two phases). To understand the exact nature of these
mesophases (X, and X3), physical studies are required for structural characteri-
sation, which is proposed to be undertaken in the future.
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50 - 1
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75 100 125 150 175 200 225
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FIGURE 2 DSC thermograms for the compound with R = C gH;; and R, = OCgH (series 1). The
heating and cooling rate was 10°C/min. The scan (a) represents the heating cycle. The first three
small peaks represent Cr-Cr transitions. The strong peaks at 169.5°C and 232.0°C represent the Cr -
B, and B, - I transitions respectively. The scan (b) represents the cooling cycle. The three peaks seen
here corresponds to 1 — B}, X5 — X3 and X3 — Cr transitions respectively. Notice that no peak is
observed for B| — X, transition

We made a comparison of the molecular structure and mesomorphic properties
of compounds of series $ and 1. We have done very minor changes in the molec-
ular structures of series 1 with respect to those of series $. We find that, even a
small structural change can give rise to a considerable effect on the mesomorphic
properties in such banana shaped molecules. In series $, we observe the highest
temperature mesophase X, above the B phase. But in series 1, we observe B, as
the highest temperature phase. In series $, we observe only one phase i.e., By
below the B; phase. But in series 1, we observe two mesophases (X, and X3)
below the B; phase, for some of the homologues. Though the mesomorphic
properties are affected even by small structural changes for the compounds of
series 1, the transition temperatures are not much affected, compared to the com-
pounds of series $.

Table II gives the transition temperatures for the compounds of series 2. As can
be seen, all the compounds in this series are mesomorphic. Each compound show
only one type of mesophase enantiotropically. The first three compounds in this
series, i.e., with — X =Y - linkage being — N = CH - show only B; mesophase.
The mesophase range is found wider for the alkyl substituted compounds (100
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(d)

FIGURE 3 Photomicrographs showing the three different mesophases and the crystalline phase
exhibited by the compound with Ry = CgH5; and Ry = OCgH 5 (series 1). (a) By phase at 225°C,
(b) X, phase at 164°C (observe the wrinkles developed on B phase), (¢) X5 phase at 150.5°C
(reminds the texture of B, / B3 phases) and (d) the crystalline phase obtained on cooling the phase X4
{See Color Plate IV at the back of this issue)
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FIGURE 4 Photomicrographs showing the two different mesophases shown by the two different
compounds of series 2. (a) By phase shown by the compound R = CgH,; and (-X=Y-) = (-N=CH-) at
265.5°C and (b) X, phase shown by the compound R = C;3H;, and (-X=Y-) = (-CH=N-) at 238.0°C
(See Color Plate V at the back of this issue)

—105°C) than the alkyloxy substituted ones (69.5°C). The last three compounds,
with — X =Y — linkage being — CH = N — (notice that, the imino linkages have
been reversed in these compounds with respect to the previous three com-
pounds), show only one mesophase X, enantiotropically. In this case mesophase
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range is being 71 — 76.5 °C for alkyl substituted compounds and 46°C for alky-
loxy substituted compound. Once again, the mesophase range has been found
wider for the alkyl substituted compounds than for the alkyloxy substituted com-
pounds.

Now, we discuss the microscopic textural observations for the above com-
pounds. On cooling from isotropic liquid, the first three compounds of this series
wherein — X = Y — linkage is — N = CH — showed the characteristic texture!1+18
of B; mesophase (shown in figure 4(a) for the compound with R = C;gHj,,).
Along with some unspecified texture there start forming elongated thread-like
germs. In some regions, we also see the growth of helical ribbons. All these tex-
tural features are expected for the mesophase B;. When we cooled the isotropic
liquid of the last three compounds wherein — X = Y — linkage is -CH = N-, they
form a mesophase (X,), the texture of which is shown in figure 4(b) for the com-
pound with R = C,oH;,. The texture is more reminiscent of a banana mesophase.
Here, one should notice that, even a small change such as, reversing the direction
of imino linkage, has caused a drastic change, not only in the mesomorphic prop-
erties of these compounds but also in the transition temperatures.

CONCLUSIONS

We have synthesised two novel series of bent — shaped compounds consisting of
azo linkages. All the compounds synthesised in both the series are found to be
liquid crystalline. They exhibit different types of smectic phases. Among these,
two of the phases are assigned unambiguously, viz., B; (by preliminary x-ray
studies) and B (by the optical microscopic observation of its typical textural fea-
tures). The remaining phases X,, X3 and X, exhibit textures reminiscent of
banana mesophases. To understand and assign the exact nature of these mes-
ophases, we propose to carry out physical studies. From the studies carried out
here, it has been found that, even the small structural modifications, such as the
reversal of the direction of linkage groups in such molecules can lead to a drastic
change in the mesomorphic properties, though the transition temperatures are
less affected. Efforts to bring down the transition temperatures of these
bent-shaped azo compounds by modifying their molecular structures, so that they
are better suited for physical studies, are presently under progress.
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