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Mesogenic homologous series with a naphthalene moiety
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(Received 7 January 1998; accepted 9 March 1998 )

Interest in the naphthalene unit is increasing considerably. Recently, low and high molecular
mass mesogens of naphthalene derivatives exhibiting attractive properties have been reported
in the literature. In the present study, three mesogenic homologous series containing a
naphthalene moiety have been synthesized. All the homologous series were characterized by
elemental analysis and spectroscopic techniques. The behaviour of all three series and their
mesophase thermal stabilities are compared with each other and with other structurally
related series.

1. Introduction 2. Experimental

2.1. CharacterizationDave et al. [1, 2], have studied a number of Schi� ’s
base homologous series containing a naphthalene Microanalysis of the compounds was performed on

a Coleman carbon± hydrogen analyser, and IR spectramoiety; Wiegand [3] also reported a few Schi� ’s base
compounds containing a naphthalene nucleus. Interest were recorded on a Shimadzu IR-408. NMR spectra

were recorded on a Perkin-Elmer R-32 spectrometer.in the naphthalene unit is increasing considerably and
recent work on low [4± 11] and high [12] molecular Liquid crystalline properties were investigated on a Leitz

Labourlux 12 POL microscope provided with a heatingmass liquid crystal materials incorporating naphthalene
has shown very attractive properties for some of these stage. DSC was investigated on a Mettler TA-4000

system.structures. In the present study three mesogenic homo-
logous series (I, II, III) containing the naphthalene
moiety have been synthesized. 2.2. Synthesis

Mesomorphic compounds incorporating a phenolic The synthetic route to series I± III is illustrated in
or a primary amino end group are rare [13± 16]; ® gure 1.
Schroeder and Schroeder [17] reported a few such meso- 4-n-Alkoxybenzaldehydes were prepared by the
genic compounds. Mesogenic compounds with terminal method of Gray and Jones [22]. 4-n-Alkoxybenzoic
alcoholic [18] or amino groups [19] are of recent acids and 4-n-alkoxybenzoyl chlorides were synthesized
interest. Vora and Gupta [20] for the ® rst time reported by the modi® ed method of Dave and Vora [23].
two extensive homologous series containing terminal 4-n-Alkoxybenzoyloxy-4 ¾ -benzaldehydes were synthesized
and lateral phenolic groups. The laterally substituted by the method of Dave and Kurian [24]. 2-Amino-
thiol mesogens are yet to be reported. Gray [21] has naphthalene-1-thiol was synthesized by an improved
explained that the rarity of such mesogenic compounds method reported by Valeria et al. [25]. The 12 Schi� ’s
may be due to intermolecular hydrogen bonding and bases of series I were synthesized by condensing equimolar
the broadening of the molecules. In order to investigate quantities of 4-n-alkoxybenzaldehydes and 2-amino-
the in¯ uence of the lateral thiol group on mesomorphism naphthalene in boiling ethanol. The 24 Schi� ’s bases
we have synthesized a ® rst extensive mesogenic homo- of series II and series III were prepared by con-
logous series of Schi� ’s base esters with a lateral thiol densing equimolar quantities of 4-n-alkoxybenzoyloxy-4 ¾ -
group (series III). benzaldehydes with 2-aminonaphthalene and 2-amino-

naphthalene-1-thiol, respectively in boiling ethanol. All
the Schi� ’s bases of series I were crystallized from
ethanol, those of series II and series III from DMF,*Author for correspondence.
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568 R. A. Vora and A. K. Prajapati

Figure 1. Synthetic route to series
I± III.

until constant transition temperatures were obtained. 2.4. NMR spectra (solvent CDCl3 , standard T MS)
Series I: (n-Dodecyl derivative, 90 MHz) d 0 9́0The melting points and transition temperatures are

(t, 3H of terminal methyl group in therecorded in table 1. The elemental analysis of all the
alkoxy chain at C-4), 1 0́ ± 1 8́ (BS, 20H ofcompounds was found to be satisfactory. IR and NMR
10 methylene protons in the alkoxy chainspectral data are given below.
at C-4), 3 9́5 (t, 2H of ArOCH2 at C-4 ),
6 8́ ± 7 0́ (d, J =9 Hz 2H at C-3 and C-5),

2.3. IR (KBr) spectra 7 2́± 7 4́5 (m, 2H at C-2 and C-6), 7 5́5± 7 8́
Series I: 2900, 1610 (S, ± CH 5 N ± ) , 1590, 1520, 1475, (m, 7H of naphthalene ring system), 8 3́5

1420, 1265, 1180, 850, 760 cm Õ
1. (s, 1H of ± CH 5 N ± ).

Series II: 2900, 1730 (S, ± COO ± ), 1605 (S, ± CH 5 N ± ), Series III: (n-Dodecyl derivative, 60 MHz) d 0 9́0
1510, 1470, 1420, 1275, 1205, 1160, 1070, (t, 3H of terminal methyl group in the
1010, 840, 755 cm Õ

1. alkoxy chain at C-4 ¾ ), 1 1́ ± 1 6́ (BS, 20H of
Series III: 2900, 2345 (W, ± SH ± ), 1730 (S, ± COO ± ), 10 methylene protons in the alkoxy chain

1610 (S, ± CH 5 N ± ), 1510, 1470, 1420, 1275, at C-4 ¾ ) , 3 7́ ± 4 2́ (m, 3H, 2H of ArOCH2 at
C-4 and 1H of ± SH ± in naphthalene ring),1205, 1210, 1170, 1075, 1010, 845, 760 cm Õ

1.
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569Mesogenic naphthyl derivatives

Table 2. DSC data for n-dodecyl members of series II andTable 1. Transition temperatures for series I, II and III
compounds. III. All enthalpies are measured on heating only.

n Transition temperatures/ ß C Heating rate
Series / ß C min Õ

1 Transition H/J g Õ
1

S/J g Õ
1 K Õ

1

Series I SmA N I
II 10 Cr ± SmC 20 1́050 0 0́5340

1 Ð Ð 104 0́ SmC± N 0 2́251 0 0́0053
N± I 0 6́531 0 0́01402 Ð Ð 117 0́

3 Ð Ð 122 0́ III 5 Cr ± N 37 8́440 0 0́9280
N± I 0 4́083 0 0́00844 Ð Ð 90 0́

5 Ð Ð 79 0́
6 Ð (70 0́)a 81 0́
7 Ð (70 0́) 88 5́ 3. Results
8 Ð (76 0́) 85 0́

3.1. Series I: 4-n-alkoxybe nzylidene-2 ¾ -10 Ð (78 0́) 88 0́
aminonaphthal enes12 (76 0́) (79 0́) 92 0́

14 Ð Ð 97 0́ The n-hexyloxy to n-decyloxy derivatives exhibit a
16 Ð Ð 100 0́ monotropic nematic phase. The n-dodecyloxy derivative

exhibits a monotropic SmA phase as well as a mono-
Series II SmC N I

tropic nematic phase. The remaining members are
non-mesogenic.1 Ð 142 0́ 270 0́

2 Ð 137 0́ 267 0́ The plot of transition temperatures against the number
3 Ð 129 0́ 254 0́ of carbon atoms in the alkoxy chain ® gure 2 (a), exhibits
4 Ð 133 0́ 249 0́ a tendency for rising nematic± isotropic transition
5 Ð 128 0́ 239 0́

temperatures in the ascending series.6 Ð 116 0́ 235 0́
7 (85 0́) 120 0́ 225 0́
8 (94 0́) 115 0́ 220 0́ 3.2. Series II: 4(4 ¾ -n-alkoxybenz oyloxybenzylide ne)

10 109 0́ 141 0́ 209 0́ 2 ² -aminonaphtha lenes
12 106 0́ 157 0́ 198 0́ All the members exhibit an enantiotropic nematic
14 101 0́ 162 0́ 194 0́

phase. The SmC mesophase commences from the16 95 0́ 155 0́ 187 0́
n-heptyloxy derivative as a monotropic phase. n-Decyloxy

Series III SmC N I to n-hexadecyloxy members exhibit an enantiotropic
SmC phase.

1 Ð 188 0́ 284 0́ The plot of transition temperatures against the
2 Ð 187 0́ 281 0́

number of carbon atoms in the alkoxy chain ® gure 2 (b),3 Ð 191 0́ 264 0́
shows a steady fall in the temperature of nematic±4 Ð 184 0́ 263 0́

5 Ð 170 0́ 248 0́ isotropic transitions and exhibits a marked odd± even
6 Ð 163 0́ 249 0́ e� ect. It also exhibits a tendency for rising smectic±
7 Ð 150 0́ 235 0́ nematic transition temperatures in the ascending series,
8 Ð 145 0́ 236 0́

which levels o� slightly in the higher homologues.10 Ð 136 0́ 225 0́
12 (125 0́) 140 0́ 215 0́
14 134 0́ 143 0́ 204 0́ Series III: 4(4 ¾ -n-Alkoxybenzoyloxybenzylide ne)
16 129 0́ 148 0́ 196 0́ 2 ² -aminonaphtha lene-1 ² -thiols

All the members exhibit an enantiotropic nematic phase.a Values in parantheses indicate monotropy.
The SmC mesophase appears from the n-dodecyloxy
derivative as a monotropic phase, and the n-tetradecyloxy
and the n-hexadecyloxy homologues exhibit enantiotropic
SmC phases.6 7́ ± 7 1́ (m, 2H at C-3 ¾ and C-5 ¾ ), 7 1́ ± 7 6́

(m, 4H at C-3, C-5, C-2 and C-6), 7 6́ ± 8 3́ The plot of transition temperatures against the
number of carbon atoms in the alkoxy chain ® gure 2 (c),(m, 9H, 6H of naphthalene ring system; 2H

at C-2 ¾ , C-6 ¾ and 1H of ± CH 5 N ± ). shows a steady fall in the nematic± isotropic transition
temperature and exhibits a marked odd± even e� ect.
It also exhibits a tendency for rising smectic± nematic2.5. Calorimetry

The calorimetric study of series II and series III transition temperatures in the ascending series.
Smectic phases were characterized by textures as welln-dodecyl derivatives was carried out on the Mettler

TA-4000 DSC apparatus (table 2). as by the contact method.
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570 R. A. Vora and A. K. Prajapati

Figure 2. The phase behaviour for
the series I± III.

4. Discussion and more polarizable, but have increased breadth due
to the naphthalene moiety. Gray [21] has explainedTable 3 summarizes the average thermal stabilities

and comparative geometry of the present series I, II, III that the increase in the breadth of the molecules reduces
both nematic and smectic thermal stabilities. In theand the structurally related series A [26], B [27] and

C [26]. Series I exhibits monotropic phases whereas present series II, the e� ect of increase in breadth is not
so prominent, due to 2-substitution in the naphthaleneseries A is non-mesogenic even though its molecules

possess a similar structure except for the central linkage. nucleus of the molecules, making them linear. There-
fore, probably both the smectic and nematic thermalThis indicates that the azomethine linkage ± CH 5 N ± is

more conducive to mesomorphism than the azo ± N 5 N ± stabilities are higher in the present series II. The nematic
thermal stabilities of series II and series C are almostcentral linkage. The smectic as well as nematic thermal

stabilities of series I are much lower than those of series the same. This is understandable as there is little di� er-
ence in the geometry of the two series, the central linkageII. This can be attributed to the greater length and

higher polarizability of series II molecules. being changed from ± CH 5 N ± to ± N 5 N ± . However, the
smectic thermal stabilities of the present series II areReference to table 3 indicates that the smectic and

nematic thermal stabilities of series II compounds are higher compared with those of series C. In series II, due
to azomethine linkage the molecules become acoplanar.higher than those of series B. Compared with molecules

of series B the molecules of series II are a little longer Probably this acoplanarity gives such a packing to the
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571Mesogenic naphthyl derivatives

Table 3. Average thermal stabilities.

Series I II III A B C

N± I (C1 ± C14 ) 86 9́ (C6 Õ C12 ) 231 7́3 254 8́ 154 8́ 229 1́8

SmC± N or I (C12 ± C16 ) 79 0́ (C12 ) 156 7́ 138 7́ Non-mesogenic 134 2́ 133 0́

Commencement of smectic phase For only C12 C7 C12 C7 C10

molecules that the smectic thermal stabilities of series II type of lateral substituent also di� ers. Data for more of
such series would help in understanding such trends.become higher than for series C. This is also re¯ ected in

series I and series A where series I exhibits monotropic
mesophases and series A is non-mesogenic. The authors thank Prof. S. G. Shah and Prof. Uma

Chudasma, Department of Applied Chemistry, for theirTable 3 shows that the average smectic thermal
stabilities of series III are lower, and the average nematic help and keen interest in this work.
thermal stabilities are higher, in comparison with series
II. In series III the thiol group is present at the ortho References
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