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Preparation and mesomorphic properties of a homologous series

of N ,N ¾ -( 2-chloroterephthalylidene) bis( 4-n-alkylaniline) s

by GORO YASUDA*

Department of Applied Chemistry, Aichi Institute of Technology, Yachigusa,
Yakusa, Toyota 470-03, Japan

and HIROSHI KIMOTO

National Industrial Research Institute of Nagoya, Hirate-cho 1-1, Kita-ku,
Nagoya 462, Japan

(Received 10 July 1997; accepted 22 September 1997 )

A series of N ,N ¾ -(2-chloroterephthalylidene)bis( 4-n-alkylaniline) s (CTBAAs) were prepared
and their mesomorphic behaviour characterized. None of the homologues showed smectic
behaviour, but nematic behaviour with broad mesophases and rather low melting points
was seen. The mesomorphic behaviour was compared with that of N ,N ¾ -(terephthalylidene)-
bis( 4-n-alkylaniline) s (TBAAs) and 4,4 ¾ -bis-(n-alkylbenzal )-2-chloro-1,4-phenylenediamines
(BACPDs). An X-ray di� raction analysis of N ,N ¾ -(2-chloro-terephthal )bis( 4-n-butylaniline)
(CTBBA) showed that the molecules were packed in crystals forming a staggered arrangement
called an ìmbricated structure’ .

1. Introduction The introduction of a lateral substituent into the central
benzene ring of TBBAs is expected to a� ect their meso-N ,N ¾ -(Terephthalylidene)bis(4-n-butylaniline) (TBBA) is
morphic properties, not only because of the disruptivewell known to exhibit many phases, including three crystal-
e� ect but also because of the di� erence in the frameworkline phases [1± 5]; consequently the homologous series,
structures. Therefore in this paper, we wish to describeN ,N ¾ -(terephthalylidene)bis(4-n-alkylaniline)s (TBAAs),
the preparation and the properties of the N ,N ¾ -(2-chloro-are most extensively studied as typical liquid crystalline
terephthalylidene)bis(4-n-alkylaniline)s (CTBAAs), andcompounds. However, it seems surprising that no report
an X-ray structural analysis of the representative com-of the laterally substituted derivatives of TBAA can
pound, N ,N ¾ -(2-chloroterephthalylidene)bis(4-n-butyl-be found. This lack of literature may be partly due to
aniline) (CTBBA), since there is known to be the closestthe di� culty of obtaining the key starting materials,
similarity between the molecular structures in the crystalssubstituted terephthalaldehydes.
and the ¯ uid liquid crystals. This is our ® rst report of aIt has been reported that TBAA contrasts sharply
systematic investigation on the relationship betweenwith the isomeric compounds, 4,4 ¾ -bis-(n-alkylbenzal )-
stereo structure and properties of liquid crystalline1,4-phenylenediamines (BAPDs) in their mesomorphic
compounds.properties: thus TBAAs show a variety of smectic

properties, but BAPDs show only nematic character
2. Experimental[3]. The apparent structures of TBAAs are quite similar

2.1. Analytical methods and instrumentat ionto those of the corresponding BAPDs, di� ering only
Transition temperatures were determined on a Shimadzuin the reverse orientation of their azomethine linking

Thermal Analysis Instrument (Model DSC-41) at agroups. The di� erent mesomorphic behaviour between
heating rate of 5 ß C min Õ

1. The textures of the liquidthese series has not been explained clearly; a minor
crystals were observed with a microscope under crosseddi� erence in the framework structures of the molecules
nicols. IR spectra were recorded on a Jasc FTIR spectro-might a� ect the packing of the molecules in the liquid
meter via KBr pellet mixtures. NMR spectra werecrystal phases. In the case of TBBA, conformation between
recorded on a Varian spectrometer (Model UNITYthe azomethine group and the benzene rings may play
plus-300) at 300 MHz, with TMS as internal reference.an important role in the molecular structure.
Mass spectral data were obtained on a Hitachi spectro-
meter (Model M-80 B) by electron-impact ionization.
Melting points are uncorrected.*Author for correspondence.
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544 G. Yasuda and H. Kimoto

Scheme. R ; CN H2N+1 (N = 1 ± 8, 10 )

2.2. Preparation of materials 1395, 1355, 1180, 1045, 840; MS m /e (relative intensity)
431 (40) M+, 403 (100), 387 (38), 345 (29), 172 (62),2-Chloro-p-xylene and n-alkylanilines were obtained

from various commericial sources, and were used with- 90 (29); NMR d (in CDCl3 ) 0 9́4 (6H, t, J =7 4́ Hz,
CH3 ), 1 3́8 (4H, sextet, J =7 4́ Hz, CH2 ), 1 6́3 (4H,out further puri® cation. The synthesis of CTBAA is

illustrated in the scheme. quintet, J =7 4́ Hz, CH2 ), 2 6́4 (4H, t, J =7 4́ Hz, CH2 ) ,
7 1́~7 3́ (8H, m, Ar), 7 8́2 (1H, d, J =8 2́ Hz, Ar), 7 9́9
(1H, s), 8 3́4 (1H, d, J =8 2́ Hz, Ar), 8 4́6 (1H, s), 8 9́62.2.1. Preparation of 2-chloroterephthalaldehyde

To a solution of acetic anhydride (120 g, 1 1́8 mol ) (1H, s). Analysis: found C 78 1́1, H 7 2́7, N 6 4́3; calcd
C 78 0́3, H 7 2́5, N 6 5́0%. The transition temperaturesin acetic acid (56 ml ), was added conc. sulphuric acid

(10 ml), and then 2-chloro-p-xylene (5 3́ g, 37 7́ mmol). (melting and clearing points) were 50 7́ and 138 4́ß C.
This procedure is representative of the prepara-The suspension was cooled to 5 ß C, and chromium

trioxide (12 g, 0 1́2 mol ) was added in portions with tions of all the N ,N ¾ -(2-chloroterephthalylidene)bis-
(4-alkylaniline)s (CTBAAs). The following CTBAAsrapid stirring; each addition was made only after the

temperature had fallen to 10 ß C or lower. Stirring was were obtained from the corresponding 4-alkylanilines.
continued for 4 h at 10± 15 ß C, and the reaction mixture

N ,N ¾ -(2-chloroterephthalylidene)bis(4-methylaniline):was poured on to crushed ice. After standing overnight
yield 69 1́%, m.p. 139 9́, c.p. 177 5́ß C.at ambient temperature, the product was collected by

N ,N ¾ -( 2-chloroterephthalylidene) bis ( 4-ethylaniline):® ltration and was washed with water. Recrystallization
yield 56 3́%, m.p. 106 3́, c.p. 164 5́ß C.from ethanol gave 2-chloroterephthalaldehyde tetraacetate

N ,N ¾ -(2-chloroterephthalylidene)bis(4-n-propylaniline):(5 2́ g, 44 7́% yield, m.p. 110± 112ß C).
yield 62 4́%, m.p. 90 3́, c.p. 170 0́ß C.To a solution of the tetraacetate (3 0́9 g, 10 mmol) in

N ,N ¾ -(2-chloroterephthalylidene)bis(4-n-pentylaniline):ethanol (20 ml), was added 5N sulphuric acid (2 ml),
yield 58 4́%, m.p. 54 1́, c.p. 151 0́ß C.and the mixture was heated under re¯ ux for 30 min. After

N ,N ¾ -(2-chloroterephthalylidene)bis(4-n-hexylaniline):cooling to ambient temperature, a solid was collected by
yield 60 8́%, m.p. 68 6́, c.p. 129 9́ß C.® ltration and was washed with water. Recrystallization

N ,N ¾ -(2-chloroterephthalylidene)bis(4-n-heptylaniline):from aqueous ethanol gave 2-chloroterephthalaldehyde
yield 56 4́%, m.p. 52 8́, c.p. 132 0́ß C.as colourless plates (1 5́3 g, 90 7́% yield, m.p. 78± 80 ß C)

N ,N ¾ -(2-chloroterephthalylidene)bis(4-n-octylaniline):[6].
yield 59 8́%, m.p. 57 7́, c.p. 121 6́ß C.

N ,N ¾ -(2-chloroterephthalylidene)bis(4-n-decylaniline):2.2.2. Preparation of N,N ¾ -(2-chlorote rephthalylidene)-
yield 53 4́%, m.p. 70 9́, c.p. 115 6́ß C.bis(4-n-butyl aniline) (CT BBA)

To a solution of 2-chloroterephthalaldehyde (168 5́ mg,
1 mmol ) in absolute ethanol, n-butylaniline (298 mg, 2.3. X-ray analysis of N,N ¾ -(2-chlorote rephthalylidene)-

bis(4-n-buty laniline)2 mmol ) was added and the mixture was allowed to stir
for 4 h. The completion of the reaction was ascertained Crystals suitable for X-ray analysis were obtained by

slow recrystallization from an ethanol± THF solutionby TLC. The product was collected by ® ltration and
was recrystallized several times from absolute ethanol at ambient temperature. The data were collected at 23 ß C

using the v Õ 2h scan technique with a variable scanuntil a constant mesomorphic range was obtained,
giving CTBBA (290 mg, 67 3́% yield ) as yellow plates, speed to a maximum 2h value of 45 ß . The intensities

of three representative re¯ ections remained constantm.p. 50 7́ ß C. IR n (cm Õ
1 ) 2900, 2800, 1615, 1500,
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545Chlorine-substituted T BBA homologue L Cs

throughout the data collection, thus indicating crystal highest-peak in the ® nal di� erence-Fourier map was
0 2́3 e Õ AÊ Õ

3.stability under X-ray irradiation. Out of the total of
6469 re¯ ections measured, 6141 were unique. The crystal

3. Results and discussiondata and experimental details are listed in table 1.
The oxidation of 2-chloro-p-xylene with chromiumThe structure was solved by direct methods with

trioxide gave the key starting material, 2-chloro-MITHRIL [7]. The non-H atoms were re® ned with
terephthalaldehyde in high yield (41%) via the corres-anisotropic thermal parameters, and H atoms were
ponding tetraacetate intermediate using a modi® cation ofassigned based on the expected bonding geometry. The
a reported method [8]. N ,N ¾ -(2-chloroterephthalylidene)-
bis(4-n-butylaniline) (CTBBA) and its homologues,

Table 1. Crystallographic and experimental data for CTBBA. N ,N ¾ -( 2-chloroterephthalylidene) bis (4-n-alkylaniline) s
(CTBAAs), were obtained in moderate yields fromFormula C28H31N2Cl
the reactions of 2-chloroterephthalaldehyde with theFormula weight 431 0́2
corresponding 4-n-alkylanilines.Crystal system triclinic

Space groups P1, z =4 The structure of CTBBA was elucidated by means of
a 13 7́25(5) AÊ its IR, MS and NMR spectra. The MS spectrum showed
b 21 1́02(9) AÊ a relatively large molecular ion peak. The NMR spec-
c 9 1́58 (4 ) AÊ

trum was consistent with the proposed structure; thea 96 2́5 (4 ) ß
proton signals of the two terminal butyl groups appearedb 107 4́8(3) ß

c 95 7́9 (4 ) ß equivalent in 300 MHz spectrum. The structures of the
V 2490(2) AÊ 3

homologues (CTBAAs) were similarly assigned on the
Dcalc 1 1́50 g cm Õ

3

basis of the IR, MS and NMR spectra.
m (Mo K a ) 1 2́7 cm Õ

1

Although TBBA is known to exhibit a variety ofT 296 K
smectic phases, CTBAAs exhibit no smectic phases, butF( 0 0 0) 920

Crystal dimensions 0 5́ Ö 0 3́ Ö 0 1́ mm3 all show nematic phases with broad mesophases. Their
Radiation graphite monochromated Mo K a schlieren textures were observed through a polarizing
R 0 0́69 microscope. The transition temperatures of the CTBAAs
RW 0 0́80

are shown in ® gure 1 together with those of a seriesNo. of re¯ ections used 2087 [I>300s (I)]
of the mother compounds, N ,N ¾ -( terephthalylidene)bis-No. of parameters 559

Measurement Rigaku AFC5R (4-n-alkylaniline)s (TBAAs). CTBAAs have rather low
Program system TEXSAN melting temperatures and signi® cantly lower clearing
Structure determination direct method temperatures (c. 100ß C) compared with TBAAs. TheRe® nement full matrix least-squares

range of the LC phase becomes narrow as a result of

Figure 1. Transition temperatures
versus alkyl chain length for
CTBAA and TBAA.
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546 G. Yasuda and H. Kimoto

the substitution of chlorine on the central benzene ring; structures). The mesomorphic behaviour of CTBAAs is
compared with that of 4,4 ¾ -bis-(n-alkylbenzal )-2-chloro-an òdd± even e� ect’ is found in the clearing temperatures.

With regard to transition temperatures, the number of 1,4-phenylenediamines (BACPDs) in ® gure 3. Both series
of homologue exhibit almost the same transition temper-carbon atoms in the terminal alkyl chains has parallel

e� ects in both series of the homologues, CTBAA and atures except for the melting points of the compounds
having longer alkyl chains. The orientation of the azo-TBAA. The higher melting temperature of the TBBAs is

noteworthy. methine groups has only a small e� ect on the meso-
morphic properties: it seems that the disruptive e� ect ofThe reported crystal structure of TBBA [9] reveals

an arrangement of the molecules in layers similar to that the chlorine introduced onto the central benzene ring of
TBAA masks the e� ect of the stereo structure. In orderin smectic liquid crystalline phases. However, as shown

in ® gure 2, CTBBA molecules are packed in crystals
forming a staggered arrangement called an ìmbricated
structure’. The chlorine substitution on the central ben-
zene ring broadens the molecule and results in decreased
intermolecular attraction; this causes the lower melting
and clearing temperatures, and degradation of the layer
arrangement in the crystals and the liquid crystals.

A series of 4,4 ¾ -bis-(n-alkylbenzal )-1,4-phenylene-
diamines (BAPDs), the isomers having a reversed azo-
methine linking group to that of TBAA, are known to
show rather broad mesophases [3]. The introduction
of a chlorine atom onto the central benzene ring of
BAPD was e� ective in reducing the melting points while
maintaining a broad mesophase range [10] (see the

Figure 2. Schematic representation
of the packing of CTBBA.
(a) Projection along A and
slightly rotated around B and C;
(b) projection along B and
slightly rotated around C and A;
(c) projection along C and
slightly rotated around A and B.
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547Chlorine-substituted T BBA homologue L Cs

Figure 3. Transition temperatures
versus alkyl chain length for
CTBAA and BACPD.

to obtain information for the CTBAA, framework plane of the central benzene ring A with mean deviation
of 0 0́003, 0 0́099, Õ 0 1́483, Õ 0 0́348 and Õ 0 0́519 AÊ ,structure having the laterally substituted chlorine, we

carried out an X-ray single crystal analysis of CTBBA respectively. Therefore, the molecules are mainly twisted
at the single bonds, N(1)± C(8) and N(2)± C(19), joiningas a representative compound.

There are two crystallographically di� erent kinds of the azomethine group and the side aromatic ring. In the
other molecule, Cl (11), N(11), N(12), C(37) and C(48)CTBBA molecule in the unit cell; their conformations

are somewhat di� erent. Atom numbering and benzene are deviated Õ 0 0́271, 0 0́277, Õ 0 1́675, Õ 0 0́450 and
Õ 0 0́680 AÊ , respectively from the plane of the centralring naming schemes are shown in ® gure 4. The three

benzene rings, A, B and C, and D, E and F, are twisted ring D. Accordingly the laterally substituted chlorine
does not sterically a� ect the twisted angles to such anwith respect to each other. The angles of intersection

between the least-squares planes of the benzene rings, A extent. It has been reported indeed that the side benzene
rings of TBBA are twisted by 16 1́ ß and 52 9́ ß from theand B, and A and C, are 29 ß and 31 ß , respectively; those

between D and E, and D and F, are 47 ß and 31 ß , central ring [7].
The ® nal atomic parameters are given in table 2. Therespectively. The chlorine atom, Cl (1), the nitrogen

atoms, N(1) and N(2), and the carbon atoms, C (7 ) and carbon atoms of the butyl groups have large anisotropic
thermal parameters indicating their high ¯ exibility in theC(18), of the azomethine groups are on the least-squares

Figure 4. Molecular structures of CTBBA with numbering scheme.
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548 Chlorine-substituted T BBA homologue L Cs

Table 2. Continued.Table 2. Fractional atomic coordinates and equivalent
isotropic displacement parameters (AÊ 2 )

Atom X Y Z Beq
Beq = (4/3)S iS jbij (a i¯a j ) .

C (44) 1 4́61 (1 ) 0 2́179 (7) 0 4́64 (2 ) 8 0́ (9 )
Atom X Y Z Beq C(45) 1 3́74 (1 ) 0 2́267 (7) 0 5́30 (2 ) 7 8́ (9 )

C(46) 1 3́20 (1 ) 0 1́660 (8) 0 5́53 (2 ) 7 6́ (9 )
Cl(1 ) 1 2́684(3) 0 3́937(2) 0 3́569(4) 6 5́ (2 ) C(47) 1 2́36 (1 ) 0 1́771 (8) 0 6́23 (2 ) 10(1 )

C(48) 1 8́22 (1 ) 0 6́928 (7) 0 0́62 (2 ) 5 4́ (7 )Cl(11) 1 4́951(3) 0 6́000(2) 0 1́794(6) 9 1́ (2 )
N(1 ) 1 0́972(8) 0 5́511(6) 0 2́00 (1) 4 9́ (6 ) C(49) 1 8́32 (1 ) 0 7́831 (7) Õ 0 0́59(2 ) 4 6́ (7 )

C(50) 1 8́12 (1 ) 0 8́46 (1 ) Õ 0 0́51(2 ) 6 6́ (8 )N(2 ) 0 9́800(9) 0 2́572(6) 0 5́30 (1) 5 1́ (6 )
N(11) 1 6́650(8) 0 4́449(5) 0 3́35 (1) 4 5́ (5 ) C(51) 1 8́62 (1 ) 0 8́920 (7) Õ 0 1́11(2 ) 6 8́ (8 )

C(52) 1 9́30 (1 ) 0 8́773 (8) Õ 0 1́87(2 ) 6 6́ (9 )N(12) 1 7́780(8) 0 7́384(6) 0 0́05 (1) 4 8́ (5 )
C(1) 1 0́97 (1 ) 0 4́529(6) 0 3́10 (1) 4 1́ (7 ) C(53) 1 9́50 (1 ) 0 8́16 (1 ) Õ 0 1́97(2 ) 7 2́ (9 )

C(54) 1 9́03 (1 ) 0 7́681 (7) Õ 0 1́33(2 ) 6 0́ (8 )C(2) 1 1́44 (1 ) 0 3́992(7) 0 3́68 (2) 4 8́ (7 )
C(3) 1 0́96 (1 ) 0 3́532(6) 0 4́26 (2) 4 9́ (7 ) C(55) 1 9́79 (2 ) 0 9́256 (9) Õ 0 2́65(2 ) 10(1 )

C(56) 2 0́87 (1 ) 0 9́388 (8) Õ 0 2́19(2 ) 9 (1 )C(4) 0 9́96 (1 ) 0 3́573(7) 0 4́32 (2) 4 8́ (7 )
C(5) 0 9́51 (9 ) 0 4́112(8) 0 3́79 (2) 6 6́ (8 ) C(57) 2 1́29 (2 ) 0 9́88 (1 ) Õ 0 3́00(2 ) 12(1 )

C(58) 2 2́38 (2 ) 0 9́97 (1 ) Õ 0 2́57(3 ) 16(2 )C(6) 1 0́00 (1 ) 0 4́557(6) 0 3́20 (2) 6 0́ (7 )
C(7) 1 1́43 (1 ) 0 5́035(7) 0 2́42 (2) 4 7́ (7 )
C(8) 1 1́42 (1 ) 0 5́957(7) 0 1́31 (2) 4 2́ (7 )
C(9) 1 1́16 (1 ) 0 6́566(7) 0 1́38 (2) 5 5́ (7 )
C(10) 1 1́55 (1 ) 0 7́025(6) 0 0́66 (2) 5 4́ (7 )
C(11) 1 2́21 (1 ) 0 6́904(8) Õ 0 0́14(2) 5 1́ (8 ) crystal. The bond distances and angles are reasonable,
C(12) 1 2́48 (1 ) 0 6́300(9) Õ 0 0́22(2) 6 2́ (8 ) and all the butyl groups have the trans conformation.C(13) 1 2́10 (1 ) 0 5́831(6) 0 0́51 (2) 5 6́ (7 )
C(14) 1 2́65 (1 ) 0 7́412(7) Õ 0 0́93(2) 6 7́ (8 )

This work was partially supported by a grant forC(15) 1 3́78 (1 ) 0 7́680(7) Õ 0 0́09(2) 7 1́ (8 )
C(16) 1 4́20 (1 ) 0 8́180(8) Õ 0 0́92(2) 8 0́ (9 ) the publication from the Research Foundation for
C(17) 1 5́32 (1 ) 0 8́413(9) Õ 0 0́10(2) 12(1 ) Electrotechnology of Chubu.
C(18) 0 9́44 (1 ) 0 3́069(8) 0 4́91 (2) 5 2́ (7 )
C(19) 0 9́19 (1 ) 0 2́114(7) 0 5́77 (2) 5 2́ (7 )
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