This article was downloaded by: [University of California, San Diego]

On: 20 August 2012, At: 22:06

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

Present and Future of the Liquid Crystals
Chemistry

V. Bezborodov ? ¢ & R. Dabrowski °
% Institute of Applied Physical Problems, 220064, Minsk, Belarus
b Military University of Technology, 01-489, Warsaw, Poland

¢ Samsung Display Devices Co.Ltd., R&D Center, 575, Shin-Dong, Paldal-
Gu, Suwon City, Kyungki-Do, Korea, 442-390

Version of record first published: 04 Oct 2006

To cite this article: V. Bezborodov & R. Dabrowski (1997): Present and Future of the Liquid Crystals
Chemistry, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals
and Liquid Crystals, 299:1, 1-18

To link to this article: http://dx.doi.org/10.1080/10587259708041967

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/10.1080/10587259708041967
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 22:06 20 August 2012

Mol. Cryst. Lig. Cryst., 1997, Vol. 299, pp. 1-18 © 1997 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers

Printed in India
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Abstract  This paper presents a review of well-known synthetic methods and
technological aspects of the preparation of liquid crystals and describes new

strategies and tactics in the liquid crystals chemistry

INTRODUCTION

The exploration of liquid crystals is still a challenge since the rapid development of
liquid crystal display technology demands new liquid crystal materials which possess as
wide of range of properties as possible.
Most methods for the synthesis of new liquid crystals that have been developed during
the past decades are usually tactical devices that are created for the improvement of a
particular strategy. Seldom are methods devised that lead to new general strategic
solutions for the synthesis of complicated molecules. Even more rarely do new methods
provide entirely new types of molecules. It is the intention of this discussion to review
well-known methods for the synthesis of liquid crystals and to develop new strategies

and tactics in liquid crystal chemistry.

DISCUSSION
The structures of liquid crystalline compounds can be expressed by the following general

formula:
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ane 10X 21 22 (2

Y1 Y2 Y3Ys4 Y5V

where for :
a) nonchiral nematic and smectic LC compounds
n=1-10;, X =0, single bond, S, NH, etc;
K| _4 = benzene, cyclohexane, cyclohexene, heterocyclic fragments
(N, O, S, B and Si containing cycles);
21_3 = CO()1 Single bond, CH:CH, CHzCHz, OCHz, CEC, etc;
Yl—6 =H, CI, F, CN, etc;
Y = alkyl, alkoxy radicals, F, CI, CN, NCS, CFj, OCF3, OCHFZ,
OCF,CL
b) Chiral nematic and smectic (FLC and AFLC) compounds
n = 6-12, X=0, single bond,
Kig4= benzene, cyclohexane, cyclohexene, heterocyclic fragments
(N, O, S and B containing cycles);
Z] 3= COO, single bond, CH=CH, CHzCHf,, OCH2, etc;
Y =H CLF CN, et CH GHq
Y = chiral fragment ( (CH2) CHC mHom+1: -COO(CHZ) CHC H2m+1’
CHq F(Cl, CN, CFy)

-COO(CHy),CHOCHom 1. “OOC(CH)RCHC [ Hom .11,

(A
-COO(CHy),CHCHC  Ho 1. _[*O]rcmH2m+1 and etc.)

¢) Lyotropic LC compounds

n=6-12; X=0, single bond;

K_4 = benzene, cyclohexane, cyclohexene, heterocyclic fragments;
Z, 5= COO, single bond, CH=CH, N=N, CH,CH,, etc;

Y1-6 =H, CI, F, CN, etc. .

Y = (CH,), COOH, (CH,),COONa(K), (CH,) NH(CH;),Cl
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d) monomers for L.C polymers
n=0; X=CH=CHCOO, CH=C(CH;)COO, BrCH(CH,),
HOCH(CH,),, CH=CH(CH,), ;
K_4 = benzene, cyclohexane, cyclohexene, heterocyclic fragments;
Zl-3 = COO, single bond, CHZCHZ, OCHZ, etc;
Yy 6= H, CI, F, CN, etc;
Y = alkyl, alkoxy radicals, F, CI, CN, NCS, CF3, OCF3, etc.
In the general formula, the cyclic fragments can be five- or seven-membered rings,
naphthalene or decalene rings and the bridge fragments can be azomethine, azoxy or
other groups.

From these compounds, the esters of trans-4-alkylcyclohexancarboxylic acids (1, p =
0, Y1, Y2 =H) [1-3] are very simple to prepare since the starting acids may be prepared
in one step by catalytic reduction of the corresponding 4-alkylbenzoic acids. However,
these esters, as well as the aryl or trans-4-substituted cyclohexyl esters of trans-4-
arylcyclohexancarboxylic (1, p = 1, K;= benzene, Yy, Y2 = H) [4,5], trans-4-(trans-4-
alkylcyclohexyl)cyclohexancarboxylic (1, p = 1, K= cyclohexane, Yy, Y, = H) [6,7],
trans-4-alkyl-2-methyl(2,6-dimethyl)cyclohexancarboxylic (1, p = 0, Yy, Y, = H, CH;)
[8,9], 4-alkylcyclohex-2-(3)enecarboxylic (2,3) [10,11] or other substituted cyclohexane
or cyclohexenecarboxylic acids {12,13] are usually characterized by higher viscosity in
the nematic phase making them less useful as components in liquid crystal mixtures than
the corresponding derivatives of phenyleyclohexane or biphenylcyclohexane [14-18]

without COQO bridge fragment.
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n=2-7, Kl,Kz,K3 = benzene or cyclohexane;
Y = alkyl, alkoxy radicals, F, CI, CN, NCS, CF3 ,
OCF3’ OCHEF,, OCF,(CT,
Y,.Y,=H, CH;3; p,q=0,1; Z, = single bond or
bridge fragment.
It has been shown that the most useful liquid crystalline (LC) compounds for display
applications [14,15] - derivatives of phenylcyclohexane can be prepared by using the
Nenitzescu method, Grignard reaction or cross-coupling reaction between alkyichlorides
and 1-chloro-4-benzene-1-cyclohexene [16-18]. According to the Nenitzescu method,
the reaction of aliphatic acid chlorides with cyclohexene or methylcyclohexene and
benzene in the presence of anhydrous aluminum chloride gives a mixture of cis- and
trans-1-alkanoyl-4-phenylcyclohexanes or cis- and trans-1-alkanoyl-2-methyl-4-phenyl-
cyclohexanes in yields of 60 - 70%. The pure trans-isomers in the form of 4-
alkanoylcyclohexylacetophenones or alkylcyclohexyl acetophenones can be easily
separated. These ketones are very promising intermediates for the preparation of
different kinds of LC compounds, such as trans-1-alkyl-4-(4-isothiocyanatophenyl)-
cyclohexanes and trans-1-alkyl-(4-cyanophenyl)cyclohexanes which are the most useful
components of liquid crystal mixtures.

It has been found that the Nenitzescu and Grignard reactions are not so effective for
the preparation of the three- and more ring liquid crystals and for those containing lateral
substitutents other than a methyl group on cyclohexane, or benzene rings, or with the
CH,CH, bridge between cyclohexane and benzene rings. Three- and four-ring liquid
crystals, which are very important components of wide temperature liquid crystal
materials can be prepared using a Grignard [19,20], a cross-coupling [21-23], or
Friedel-Crafts reactions [24]. However, a number of problems with these methods
make it difficult to prepare derivatives of cyclohexylbiphenyl (4) and 4,4'-
dicyclohexylbiphenyl (5) in high yield and without formation of by-products than can be
difficult to remove from the product. Grignard reagents are difficult to prepare from 4-
bromo-1-(trans-4-alkylcyclohexyl)benzenes and 4-bromo-4-substituted biphenyls. The

synthesis of 4-(4-substituted phenyl)cyclohexanones and 4-(trans-4-substituted
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cyclohexyl)cyclohexanones from the corresponding 4-substituted benzylmethylketones
[26], 4-substituted benzylcyanides [25], ethylene ketal of 1,4-cyclohexanedione [27,28],
or from the adducts of the condensation of 2-chloro(ethoxy, formyloxy,
trimethylsily]dxy)—1,3-butadienes with 4-substituted styrenes [29,30] all are long and
produce low yields.

1t should be noted that the nonselective reduction of phenylene fragments of different
derivatives of biphenyl and bibenzyl using the Berch method has shown that this method
can not be used for the preparation of the liquid crystalline derivatives of cyclohexe-
nylbenzene, cyclohexylbenzene, 1-cyclohexenyl-2-phenylethane or 1-cyclohe>{yl-2-phe-
nylethane [31]. Usually, the liquid crystalline derivatives of 1-cyclohexyl-2-phenyl-
ethane, or 1-cyclohexyl-2-biphenylethane (6) are synthesized using a not so simple
Friedel-Crafts acylation of the corresponding aromatic compounds by trans-4-
alkylcyclohexylacetyl chlorides and than conversion of the ketones in several steps to the

product [32].
Y4
H2n+1Cn“®@'Z1'(@)dY (4)
\f: Y3
Han Co{ LI D Cntomer ©

Yo Y3

Yy

H2n+1Cn-D-CHZCH2@-Z1-(@)q-Y (6)
Y2

Ya

n,m = 2-7; K, K5 = benzene or cyclohexane;
Yl‘_‘ H, CH3, Yz,Y3 = H, F,CI,CHB, q= 0,1,
Y = alkyl, alkoxy radicals, F, CI, CN, NCS,

CF3, OCF3, OCHFZ,OCFZCI, or additionally

some cyclic fragments with alkyl or alkoxy
radicals, or the polar groups;
Z, = single bond or bridge fragment.
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The same problems (difficulty in preparing the starting materials) are also characteristics
of the preparation of the following hiquid crystals: tolanes (7) [33,34]; derivatives of
alkenylcyclohexane (8) containing a double bond in different positions of an alkenyl tail
[35-37]; compounds containing a ring silicon atom (9) [38-40] having a lower crystal to
nematic transition temperature than the corresponding liquid crystalline derivatives of
cyclohexane;, and some heterocyclic compounds, having a very high positive dielectric

anisotropy, such as the derivatives of 1,3,2-dioxaborinane (10) [41-43].

Homa1Cr @-CHECH@—Z1-(@) Y ()
Hop41Cp-(CH= CH)b(CH2)® CHZCHZ)@ Zy- (@) ®)
Hons+1Cp _SD CH2CH2>p@ Z4- (@ & ©

n= 0-10; Kl,Kz,K3 = benzene or cyclohexane;
R=H, CH3; Y5, Y3 =H, F,CI,CHs; b=1, ¢,p,q=00r1,

Y =alkyl, alkoxy radicals, F, CI, CN, NCS,

Z, = single bond or a bridge fragment.

Taking into account that the cyclohexenones can be used as intermediates for the
preparation of the corresponding LC derivatives of cyclohexane [44-47] and other liquid
crystals [48], we proposed to use non-mesomorphic or mesomorphic 3,6-(2,5)-
disustituted cyclohex-2-enones (11) and other analogous cyclic ketones as the main
intermediates for the preparation of different types of liquid crystalline compounds {48].
Using these ketones, it is possible, in a few steps to synthesize the following

compounds:
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1. Different benzene derivatives without lateral substituents (12, Rs = H) or containing
lateral fluoro (14) or chloro (13) atoms, alkyl (12, R;= alkyl radical) or alkoxy (16)
tails, hydroxy (15) or alkanoyloxy (17) fragments (see Scheme 1) .

2. Different cyclohexanones (12), and after their modification, different LC derivatives
of cyclohexene or cyclohexane without lateral substituents (19, Rs = H) or containing
lateral gem-difluoro (30), fluoro (31,32,33) or chloro (20, 21,23) atoms, alkyl (19, R3 =
alkyl radical) or alkoxy (24,25) tails, cyano (27, 28, 29) group or alkanoyloxy fragment
(24) (see Scheme 2) .

R a
3 $
Ri-Ar( A Zp-AgRy Ri-A1<’_) Az Zp A3 R,

Q

R1-A1O -Ap- Zp-Ag-Ry

1. NH40H (11) 10%, PdIC
2. ACZO, AcClI 200C
3. HBF,
F. OH
Ri-As @ Az ZyAaRy Ry-Aq @ Ag-Zy-AgRy
(14) (15)
QR N
R 1 ‘A1 @ ‘A2' 22 ‘A3'R2 QOCR4
(16) Ri-A_Y Az Zp A3 R,
(17)

Scheme 1
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Ry-Aq @ Ay Zy-AyRy
(21) Ho, PA/C ,
5 R1-A1 -Ay-Zy-Aq-Ry
C! 23)
R1-A1%:> AyZy-Az-Ry R,-A1 -Az-ZZ-A3 Ry
(19) T POCIy
R,Mgx PCI
3 5 R1 A -AZ—ZZ—A3'R2
2 (24)
H
(f > R1’A1%3 Ay ZyhyRy R1'A1 'A2'22' Ay Ry
RrAr@'AZ'ZZ‘Aa Ry (18)
HO_CN F
Ry-Aq 6 -AyZy-Aq-Ro Ri-Aj_)-P22yAyRy  RyA O -AyZy-Ag-Ry
(26) (30) (33)

POCI, X?ase
Py H2, PA/C
CN

Ri-Ay @ olrAyRy Rihy @ Arly Ay RZT
(27)
Hp, PAIC

F
R1'A1<%> PaZrhyRe R;-A @-A Z,-Ag-R
(28) 1A 272- A3 Ry
(32)
N
Ry -A1b AyZy-Aq-R,

(29)

Scheme 2
2
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The liquid crystalline 3,6-disubstituted cyclohex-2-enones (11) can be expressed by the
following formula:

Q
A
Ri-AK_YAzZyAgRy (1)

wherein R, is alkyl radical or alkylalkoxy radical; the terminal group R:is hydrogen or a
alkyl, alkoxy radicals, or halogen atoms, other group without or with additional cyclic
fragment, Ai, A,, As are single bond or benzene, or cyclohexane rings without or with

bridge fragment.

It is known that these substituted cyclohex-2-enones can be prepared by the
condensation of aromatic aldehydes with acetoacetic ester or acetylacetone, by the
interaction of some derivatives of cinnamic aldehyde or benzilidene acetone with
acetoacetic ester, malonic ester or with acetyl acetone [49-52] or by the Michael's
connection of vinylalkyl(aryl)ketones to some derivatives of benzylmethyl ketone or
acetoacetyc ester to acetylacetone, and followed by cyclization in the presence of a base
[54-58]. Other methods are the condensation of the derivatives of acetophenone and
vinylalkylketones in the presence of the strong bases (Bu' OK), or with the replacment of
the nitro group on the ring by a ketogroup using the Nef's method [59]. These methods
allow for the preparation of the different cyclohexenones in high yield from the simple
starting materials and in only a few steps.

We found that the 3-arylcyclohex-2-enones, 3-aryl-6-alkylcyclohex-2-enones, 3-aryl-
6-(2-phenylethyl)cyclohex-2-enones (34) are formed in yields of 70-80% by the
condensation of the hydrochlorides of the 4-substituted 3-N-dimethylaminopropiopheno-
nes (Mannich's salts) (35) with acetoacetic, 2-alkylacetoacetic or 2-(2-phenylethyl)-
acetoacetic esters (36) in the presence of potassium carbonate, alkali hydroxide and
benzyl trimethylammonium chloride or other phase catalysts in boiling solvents

(isopropyl aicohol, diglyme, dioxane) [48, 60-62].
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COCH3 HCI
R4 -(@)- p(CHCHy) 4-CH + (CH3)2NCH20H20C-(© )Ry
(36)  COOCoHs (35)
COCH,

R4~ pCHyCHy) - € CHyCHR0C-((_ DR,
(37)  COOC,Hg
N2

Q
Ry-({ - pCityCiiy @b—(@)-r Ry

H5C200C ™ 3¢,
Q
R ooy - KreRa
(34)

R, = alkyl, alkoxy radicals, R, = alkyl, alkoxy radicals
F, CIL, Br, CN, OCF3; p,qr=0orl
The interaction of the hydrochlorides of 4,1-bis-(4-substituted B-N-dimethylaminopro-
pionyl)benzene, 4,4-bis-(4-substituted B-N-dimethylaminopropionyl)biphenyl and di-
benzyl (38), or the hydrochlorides of 4-substituted styryl-B-N-dimethyaminoethylketones
(39), the Mannich salts prepared from methylalkylketones, methyl trans-4-alkylcyclo-
hexylketones, methyl(trans-4-phenylcyclohexyl)ketones, methyl-2-arylethylketones (40),
or 2-chloro(bromo)ethylaryi(alkyl)ketones (41) with the 2-substituted acetoacetic esters
(36), 4-substituted benzylmethylketones (42), esters of a-acetyloxalic, a-glutaric acids
and 2-(2-cyanoethyl)acetoacetic ester (43) gives 1,4-bis-(6-alkylcyclohex-2-enonoyl-3)-
benzenes,  4,4-bis-(6-alkylcyclohex-2-enonoyl-3)biphenyls ~and  bibenzyls  (44),
corresponding 3-(4-substituted styryl)-6-alkylcyclohex-2-enones (45), 3-(trans-4-substi-
tuted cyclohexyl-1)-6-[2-(4-substituted phenyl)ethyl]cyclohex-2-enones (46), 3-[2-(4-
substituted phenyl)ethyl]-6-alkylcyclohex-2-enones (47), 3-(trans-4-substituted cyclo-
hexyl-1)-6-alkylcyclohex-2-enones (48), 3-(trans-4-alkylcyclohexyl-1)-6-(4-substituted
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phenyl)cyclohex-2-enones (49), 3-(4-substituted phenyl)-6-(4-substituted phenyl)cyclo-
hex-2-enones (50), 3-(4-substituted phenyl)-6-(2-cyanoethyl)cyclohex-2-enones (51), 3-
(4-substituted phenyl)-6-carbalkoxymethylcyclohex-2-enones, 3-(4-substituted phenyl)-
6-(2-carbalkoxyethyl)cyclohex-2-enones (52) in a yield between 50-80% [48, 60-62].

Q
H2n+1Cn--(©)5(CH2CH2)q<:‘§'CnH2n+1 (44)
O\

Hyny € (_YCH=CH-(_)-X  (49)

Q
A
Hyp 4 lcn'Q_CH2CH2 @ (47)
Q
Hop+1Cw CmHom+1 (48)

n,m= 1-5; X= H, CI, OCHops1.

.\ .\
LA D it XXX A o

(49) (50)
X= H, CI, OCnH2n+]’ OCnH o+l N, M= 1-5;

Q Q

NC-(CHz)p- -X ROOC-(CH2 )p- -X
(51) (52)

X= H, C|, Cm H 2m+1 OCmH2m+1_ p= 1, 2; R= H, CH3
Similar products are also formed from the reaction of hydrochlorides of 4-substituted -
N-dimethylaminopropiophenones (35) with acetylacetone resulting in:  6-aryl-3-

acetylcyclohex-2-enones  (53), 3-(4-substituted phenyl)-6-[1-(4-substituted phenyl)-
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propanoyl-3] cyclohex-2-enones (54) and spirobi-3-(4-substituted phenyl)-6-cyclohex-2-
enones (55) [63].

"-COCH3 X-“-CHchZOC-@
(53) b (54)

\\

XKD

\Y
0 (s5)
X=H,C‘,CmH2m+1 OCmHzmn,CsHmCmHzmn R m=3-6;

Thus, the obtained results show that the condensation of the Mannich salts (35) or 2-
chloro(bromo)ethylaryl(alkyl)ketones (41) with 2-substituted acetoacetic esters (36), 4-
substituted methylbenzylketones (42), or with other analogous ketones and B-
dicarbonylic compounds leads in a short and simple way to the formation of different
mesomorphic cyclohexenones, which can be expressed, for example, by the following

general formulas (56-61) [62]:

e 6o D)
0]

H2n+ lcn'x'
Hans1Ca_)

€ H2m+ 1 (56)

S ‘
O o

CmHom+r  O7)

) L
%o

Cotlom+1 (58)

SN

~o

Hop41CnX- O ' O CmHom+1 (59)
Haa s Cr X X )

O
4
Hon+ lcn'x‘(CHZCHZ )p '@'CmH2m +1(67)

CL
~o

‘Cm H2m +1 (60)
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n,m= 1-10; A;, A, =benzene, cyclohexane,p =0 or l;

X =single bond, O; Y =H, CL, F, CH;.

These cyclohexenones can be transformed into both well-known and new liquid
crystalline compounds.

Our preliminary investigations have shown that :

1. Catalytic reduction of the cyclohexenones (11) in the presence of palladium on
carbon or other catalysts in basic or acid media leads to the formation in one step to the
corresponding LC cyclohexane (62), cyclohexanone (18), or cyclohexanol (22)

derivatives of the following formulas {64]:

Q
Ri-A1{ )A2ZaAgRy Ry-AK )AgZyAzR,
(62) QH (18)
Ri-AK_ )-AxZy-AzRy
(22)
2. The interaction of the cyclohexanones (18) with different reagents results in the LC
gem-difluorccyclohexane (30), cyclohexene (19), halogenocyclohexene (21,22,31,32),
cyanocyclohexene (27,28) derivatives of the following formulas {48,22] :

CHF.CHop+1:0CHap+1.CN)
Ry-ARK )-AgZyAgRy Ri-AK )-AyZy-AgRy

on (19.20,25,27,32) g (19)
R1-A1®‘A2‘22'A3-R2 RiAr{ A ZaAgRy
(28) (30)

3. The Wolf - Kishner reaction [65] makes possible the synthesis of the cyclohexene
derivatives (63) with various double bond ring positions from the cyclohexenones (11)
and the preparation of the styrylcyclohexenes (64) from the styrylcyclohexenones (45).
These ketones (45) can be used as the starting compounds for the synthesis of the LC

Diels-Alder adducts or LC polymer materials [65].
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Ry-Ap-( HApZyAgRy Ry-A{ H-CH=CH-Zy-AsR,
(63) (64)

4. The interaction of the cyclohexanoles (22) with different reagents leads to the
formation of the corresponding LC halogencyclohexanes (23,33) or esters (24) [66].
The LC derivatives of cyclohexane contaiming a laterai cyano group (29) or alky! tail
(19) can be prepared by the catalytic reduction of the corresponding unsaturated

compounds (19,27,28).

CI(F, OOCCHop 1) N( CrHopn41)
R1-Ay -Ax-Z3-A3-Ry Ry ‘A13 >‘A2'ZZ'A3°R2
(23,24,33) (29)

5. The aromatization of the cyclohexenones (11) and their further modification results in
polycyclic LC compounds (different derivatives of biphenyl, terphenyl, quaterphenyl and
other) containing lateral hydroxy group (15) or alkyl (12), or alkoxy (16), or
alkanoyloxy (17}, or chloro (13) and fluoro (14) atoms [67,68].
OH (H, CI, F, CnH2n+1 ,OCnH2n+1)
Ry -A1©—A2-22-A3-R2
(12-17)

It should be noted that using this process and some additional chemical reactions, it is
possible to prepare compounds containing more than one hydroxy group which can be
used for the synthesis of the LC polyesters.

4-Substituted 2-hydroxyacetophenones (65) can be used for the preparation of the LC

H
CH3OCb-A2-ZZ-A3-R2 (65)

azomethines which can form different metal complexes or heterocyclic LC dyes [69].
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6. Nonchiral and chiral, nematic and smectic LC compounds with low viscosity,
positive or negative dielectric anisotropy, wide mesomorphic ranges can be synthesized
from the cyclohexenones (34,59-61) depending on the chemical structure of the
starting Mannich salts (35, 38-40) and 2-substituted acetoacetic esters (36) or other
analogous (42) compounds. Our last results have shown that this technology makes
possible the preparation of the LC chiral cyclohexenones with modifications having wide
temperature range smectic C phase, for example from 10 to 60-80°C.

7. The Mannich salts containing one and more cyclic fragments can be used for the
preparation lyotropic LC materials and Langmuir-Blodgett films [70]. Also it is
possible to use the policyclic cyclohexenones containing hydroxy or carboxy fragments
for the same purpose.

8. The vinyl ketones, which can be prepared from the corresponding Mannich salts,
some cyclohexenones (45) and the products of their transformations (64) containing
double bonds in the end fragments or other parts of the molecule can be used for the
preparation of the LC polymer materials.

Thus, as investigations have shown [48, 60-69, 71-74] that the cyclohexenones are
very promiging intermediates for the preparation of different types of liquid crystals.

And additionally, our investigations have shown that the following compounds can be
used as starting materials for the preparation of the above mentioned liquid crystals [60-

65, 67-69].

R-A{(CH,CH,) @) §(CH=CH) - COCH,CH,N(CHg) . COCH,
R-A4(CH,CHy), (A ))4(CH,CHy),-COCY,=CY, YOC-CH, COOC,H,

R-A T(CHZCH?P ‘(@ )q-(F:CHZ
COCHj

R = alkyl radical, halogen atoms; A, A, = benzene, cyclohexene,
cyclohexane; p, q, s=0,1; Y Y,=H, CH;; Y = alkyl radical.
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CONCLUSION
In this work, both well-known and new synthetic methods for the preparation of liquid
crystals have been discussed. These new synthetic methods contribute greatly to the

enlargement of our knowledge of the liquid crystal synthesis chemistry.
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