This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 09:53

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

- Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Synthesis and Characterization
of Liquid Crystalline Molecules

Containing the Quinoline Unit

Long-Li Lai # , Chin-Hang Wang # , Wei-Pin Hsieh # & Hong-Cheu
Lin ®

# Institute of Chemistry, Academia Sinica, Nankang, Taipei,

Taiwan, 11529, Republic of China
Version of record first published: 24 Sep 2006.

To cite this article: Long-Li Lai , Chin-Hang Wang , Wei-Pin Hsieh & Hong-Cheu Lin (1996):
Synthesis and Characterization of Liquid Crystalline Molecules Containing the Quinoline Unit,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and
Liquid Crystals, 287:1, 177-181

To link to this article: http://dx.doi.org/10.1080/10587259608038754

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259608038754
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 09:53 18 February 2013

Mol. Cryst. Lig. Cryst., 1996, Vol. 287, pp. 177-181 (5 1996 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands under
Photocopying permitted by license only license by Gordon and Breach Science Publishers SA

Printed in Malaysia

Synthesis and Characterization
of Liquid Crystalline Molecules
Containing the Quinoline Unit
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A homologous series of heterocyclic liquid crystals containing the quinoline unit have been synthesized
and characterized. These compounds show a smectic phase at low temperatures. The quinoline unit
containing lone pair electrons introduces a significant dipole moment resulting in attractive forces to
form a smectic phase. The heterocyclic structure may also break the centrosymmetry of the core of the
molecule, which may be favored in the application of displays and nonlinear optics.

Keywords: heterocyclic liquid crystals, quinoline, nonlinear optics (NLO), second har-
monic generation (SHG),

As is well known, liquid crystals with high (positive or negative) dielectric anisotropy
(Ae),! and even better with wide mesomorphic range at low temperatures? are useful
for electro-optic devices. Therefore, in the case Ae <0, benzene-containing liquid
crystalline (LC) molecules often contain lateral substituents with strong dipoles,
such as a cyano group (see Fig. 1) to exhibit a large negative A¢ and consequently to
have low threshold voltages.!* However, to some extent, the lateral substituents may
cause the disadvantage of the system broadening!®® and in some cases depress the
range of liquid crystalline phases.'® On the basis of this point of view, pyridine'®3 or
pyridazine* derivatives are chosen as the rigid part of the target liquid crystalline
molecules, because the lone pair electrons of the nitrogen atom in the core of the
molecule generate a significant dipole moment to introduce attractive forces and
thus to aid the formation of smectic phases.'®> Nonetheless not many results have
been reported on the preparation of the liquid crystalline molecules consisting of the
quinoline unit® which also possesses lone pair electrons of nitrogen in the system.
Accordingly, the lone pair electrons can introduce a dipole moment in the molecules
and may also possess a high negative dielectric anisotropy as the pyridine
derivatives behave. Moreover, heterocyclic compounds have also been noticed for

*Authors for correspondence.
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X orY=CN
= linking group, R'and R" = terminal groups

FIGURE 1 Liquid crystalline structure containing lateral substituents with strong dipoles.

POC,

CHO 2a R= 60%
R / DMF C.H, (60%)
2b R = C=(C-C-0 (40%)
NHCOCH; 2¢ R=CHys(42%)
1

SCHEME 1 The synthetic route for compounds 2a-2¢.

4a R=C.Hy, Z=1(52%)

o]
R :} R CHO 4y R = CiHy, Z = SON (60%)
—_— 4c R=CiHy, Z=F(12%)
N a N Z  4d R=CH,, Z=OEL(45%)

4e R=CyHys, Z=OEt1(54%)

SCHEME 2 The synthetic route for compounds 4a—4e.

the non-centrosymmetric chemical structure which may improve their liquid crystal-
line and nonlinear optical properties. For instance, the quinoline unit composed of
the nitrogen atom in the core of the molecule breaks the inversion center of the
symmetry, which may reduce LC phase transition temperatures and thus stabilize
the highly disordered LC phases (S,, Se etc.).” Herein, we wish to report our
preliminary results of successful synthesis of heterocyclic liquid crystalline molecules
containing the quinoline unit.

Compounds 2a-2c were prepared according to the literature method,® and a typical
procedure is shown as follows: The acetanilide 1(20 mmole) was added to a solution of
POCI, (140 mmole) and DMF (60 mmole) at 0°C, and the resulting mixture was sealed
and then stirred at 80—85°C for 6~7 hours. The desired products 2a—-2¢ were obtained
in moderate yields after normal work-up and recrystallization (see Scheme 1).8

Reaction of Nal with intermediate 3 which was prepared from compound 2a and
ethylene glycol in the presence of aqueous HCI produces compound 4a in 52%
overall yield (see Scheme 2).° Products 4b—4d were prepared similarly.

The transition temperatures and corresponding enthalpy changes of compounds
2a-2c and 4a—4e are shown in Table I. Compound 4a does not possess a liquid
crystalline phase which may result from the broadening of the rigid part caused by
iodide. Except for compounds 2b and 4b, compounds 2a, 2¢, 4d and 4e possess a
smectic phase at low temperatures which implies that these systems can be further
studied and compounds such as analogous compound 5 will be potential liquid
crystalline materials for polymerization in the practical uses. However, it is rather
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TABLEI

Phase transition temperatures (°C)§ and corresponding enthalpy changes (J/g)*

Compound Crystal Smectict liquid
2a** ° 41.3(3.7) ° 77.5(65.3) °
2b ° 118.0 ° 120.8 °
2¢t ° 32.0(22.5) ° 63.0(78.0) °
4a (no liquid crystalline phase)

4b ° 88.2 ° 96.6 °
4c (no liquid crystalline phase}

4d ° 233 ° 42.0 °
4e ) 385 . 43.2 .

§ Data obtained from the second DSC heating scan.

* Corresponding enthalpy changes are shown in the parentheses (blank for those
overlapped phase transitions).

+ Highly ordered smectic phases identified by polarizing microscope.

** The texture of 2a is shown in Figure 3.

1 The texture of 2¢ is shown in Figure 4.

o]
"
c

C-C—C-Cm ~HunF N
N FlllmH;iI >\C-C-C-C

(o]

FIGURE 2 Possible molecular configuration of compound 4c.

surprising that compound 4¢ does not show a smectic phase, which is quite abnor-
mal.'? Possibly an internal hydrogen bonding between the aldehyde proton H and F
arises, so the rigid part of the system is lengthened (see Fig. 2) and thus the liquid
crystalline phase is depressed.

Another similar system 6 is also being investigated and found to show better
liquid crystalline properties (broader range of S, and S.)’ than those of the corre-
sponding naphthalene system. As well as liquid crystalline properties, nonlinear
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optical (NLO) properties of system 6 has been investigated and it shows second
harmonic generation (SHG) intensity 7 times larger than that of quartz in powder
form. Further work of NLO experiments will give us more information in similar
systems. Completed details will be published in the near future.®

FIGURE 3 The highly ordered Smectic texture of 2a identified by optical microscope. See Color
Plate. XIL

FIGURE4 The highly ordered Smetic texture of 2¢ identified by optical microscope. See Color
Plate. XII1.
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. Products with liquid crystalline phase i.e. 2a-2¢, 4b, 4d and 4e were identified as the required materials
and judged to be pure by elementary 'H-and!*C-NMR spectroscopy as well as mass and high mass
spectroscopy. Elementary analytical results for C, N, and H agreed with the calculated values within 0.3
percent. Products 4a and 4c were characterized by '‘H-and !>C-NMR spectroscopy as well as mass
and high mass spectroscopy. Selected physical data are as follows:2a 'H-NMR: §(CDCl,) 0.96
(t,3H, Me),1.34 — 1.45(m, 2H, CH,), 1.66—1.74(m, 2H, CH,), 2.82(t,2H, CH,), 7.71-7.76(m, 2H, 2 x Ar-H),
7.98(d, 1H,J=9.2Hz Ar-H),8.69(s, 1H, Ar-H), 10.55(s, 1H,CHO). '*C-NMR: 3(CDCl,) 13.81(Me),
22.26,33.00,35.37(3 x CH,), 126.20, 126.45,127.65,128.18, 135.07, 139.44, 143.10, 148.20,149.07
(C of Ar),188.89(CHO). 2b'H-NMR: §(CDCl;) 4.65-4.69(m,2H,CH,),5.34-5.53(m,2H,2 x =CH),
6.04-6.17(m,H,=CH),7.17(d,1H,J = 2.7 Hz, Ar-H), 7.51(2d, 1H,J = 2.8 and 6.8 Hz, Ar-H), 7.94
(d,1H,J = 9.3 Hz, Ar-H), 8.58(s, 1H, Ar-H), 10.51 (s, 1H, CHO). ' *C-NMR: §(CDCl,)69.39(CH,),
107.82,118.53,126.54,126.76,127.73,130.02, 132.39, 138.66, 145.80, 147.74, 157.80(C of Ar), 189.31
(CHO). 2¢ 'H-NMR: 6(CDCI;) 0.88(t, 3H, Me),1.26-1.35(m,8H,4 x CH,), 1.69—1.74(m, 2H,CH,), 2.81
(t,2H,CH,),7.71-7.74(m,2H, 2 x Ar-H),7.98(d, 1H,J = 9.2 Hz, Ar-H), 8.68(s, | H, Ar-H), 10.55
(s, 1H, CHO). 1*C-NMR: 6(CDCl,) 13.98(Me), 22.56, 29.04, 29.12,30.93,31.69, 35.73(6 x CH,),126.28,
126.56,127.72,128.26,135.20,139.61, 143.26, 148.37, 149.19(C of Ar), 189.16(CHO). 4a 'H-NMR: §
(CDCly) 0.96(t,3H, Me),1.36-1.43(m,2H, CH,), 1.65-1.72(m,2H, CH,), 2.80(t,2H,CH,),7.68-7.71(m,
2H,2 x Ar-H),7.99(d, |H, J = 6.2 Hz, Ar-H), 8.45(s, |H, ArH), 10.25(s, 1H, CHO). '3C-NMR: §(CDCl,)
13.95(Me), 22.34,33.02,35.54(3 x CH,), 119.31,126.50, 127.73, 128.57, 134.98, 138.08, 143.42, 150.43
(CofAr),194.49(CHO).4b'H-NMR: 6(CDCl,) 0.97(¢,3H, Me), 1.36-1.47(m, 2H,
CH,),1.69-1.76(m,2H,CH,),2.85(¢t,2H,CH,), 7.75-7.82(m, 2H, 2 x ArH),8.10(d, 1H,J = 8.4 Hz,
Ar-H),8.59 (s, 1H, Ar-H), 10.12(s, IlH, CHO). }*C-NMR: §(CDCl,) 13.89(Me), 22.34, 33.05, 35.46
(3 x CH,),108.97(CN), 125.80, 127.28,128.62,135.96,143.72,145.09,147.11,148.12,(C of Ar),
190.29 (CHO). 4c 'H-NMR: §(CDCl;)0.96 (z,3H, Me), 1.37-1.44(m,2H, CH,), 1.67-1.73(m,2H,CH,),
2.82(t,2H, CH,), 7.70-7.74(m, 2H, 2 x ArH),7.90(d, |H,J = 5.7 Hz, Ar-H),8.74(d, I1H,J = 6.3 Hz,
Ar-H), 10.38(s, 1H,CHO).}3C-NMR: 8(CDCl;)13.75 (Me),22.17,33.0835.25 (3 x CH,), 117.96,118.83,
126.47,127.78, 135.21,141.81, 141.90,142.26,146.35, 146.61, 157.82, 161.08 (C of Ar), 186.23(CHO).
4d 'HN MR: 8(CDCl,) 0.95(r, 3H, Me), 1.26-1.53(m, 5H, CH, + Me), 1.62-1.90 (m,2H,CH,),
2.75(t,2H, CH,),4.63(¢q,2H, OCH,), 7.54-7.58(m, 2H x Ar-H),7.75(d, 1H, J = 8.4 Hz, Ar-H), 8.51(s, 1H,
Ar-H), 10.49(s, 1H, CHO). 1*C-NMR: (CDCl;) 13.89, 14.48(2 x Me), 22.26, 33.36, 35.22(3 x CH,),
62.20(0-C), 119.85,124.23, 126.98,127.99, 133.97, 139.14,139.55, 147.67, 160.67(C of Ar), 189.59(CHO).
d4e 'H-NMR: 6(CDCl;) 0.74(¢,3H, Me), 108-1.33(m,9H, 3 x CH, + Me), 1.49(¢, 3H, Me),
1.63-1.77(m,2H,CH,),2.73(t,2H,CH,),4.65(q,2H,OCH,), 7.53~7.56(m,2H, 2 x Ar-
H),7.74(d, 1H,J = 8.6 Hz, Ar-H), 8.49(s, 1H, Ar-H), 10.47(s, I1H, CHO). '3C-NMR: §(CDCl,)14.01,
14.45(2 x Me), 22.60,29.12,29.67,31.20,31.76,35.53(6 x CH,),62.17(0-C), 119.87,124.24,126.99,
127.95,133.91,139.09,139.57,147.67, 160.66(C of Ar), 189.48(CHO).
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