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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: 

1 
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- 7 V. BEZBORODOV AND R. DABROWSKI 

a) nonchiral nematic and smectic LC compounds 

n = 1 - 10; X = 0, single bond, S, NH, etc; 
K , -4 = benzene, cyclohexane, cyclohexene, heterocyclic fragments 

Z l - j  = COO, single bond, CH=CH, CH2CH2, OCH2, C K ,  etc; 
Y -6 = H, CI, F, CK, etc; 
Y = alkyl, alkoxy radicals, F, CI, CN, NCS, CF3, OCF3, OCHF2, 

(h, 0, S, €3 and Si containing cycles); 

OCF7CI I 

b) Chiral nematic and smectic (FLC and AFLC) compounds 

n = 6 - 12; X = 0, single bond, 
K 1-4 = benzene, cyclohexane, cyclohexene, heterocyclic fragments 

Z1-3 = COO, single bond, CHKH,  CH2CH,, A. OCH2, etc; 

Y = chiral fragment ( 

(N, 0, S and B containing cycles); 

Y ,  -G = H, CI, F. CN, etc: CH3 SH3 
-(CH2)nCHCmH2m+j - C O O ( C H ~ ) " ~ H C ~ H ~ ~ + I  

9 4 3  F(CL CN, CF3) 
-C 00( C H2)nC HO CmH2m+ 1 

.Q 
-0OC (C H2)n5 HC m H2m+ 1 i 

-C 0 O( CH2 )n 5 H C,H C mH2 m + 1 , -I *C, H2 + 1 and e tc. ) 
0 

c) Lyotropic LC compounds 

n = 6 - 12; X = 0, single bond; 
K, -4 = benzene, cyclohexane, cyclohexene, heterocyclic fragments; 
Z1-3 = COO, single bond, CHzCH, N-N, CH2CH2, etc; 

Y1-6 = H, CI, F, CN, etc. 
Y = (CH2),,COOH, (CH2),,COONa(K), (CH,)nNH(CH3)2Cr 

+ 
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PRESENT AND FUTURE OF THE LIQUID CRYSTAL CHEMISTRY 3 

d) monomers for LC polymers 

n = 0; X = CH=CHCOO, CH=C(CH3)CO0, BrCH(CH2), 

K, -4 = benzene, cyclohexane, cyclohexene, heterocyclic fragments; 
Z1-3 = COO, single bond, CH2CH2, OCH2, etc; 
Y,  -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 

HOCH(CH2),, CH=CH(CH2),, 

From these compounds, the esters of trans-4-alkylcyclohexancarboxylic acids ( 1, p = 

0, Y Y2 = H) [ 1-31 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, KI= benzene, Y1, Y2 = H) [4,5], trans-4-(trans-4- 

alkylcyclohexy1)cyclohexancarboxylic (1, p = 1, KI= cyclohexane, YI, Y2 = H) [6,7], 

trans-4-alkyl-2-methy1(2,6-dimethyl)cyclohexancarboxylic (1, p = 0, Y Y2 = H, CH3) 

[8,9], 4-alkylcyclohex-2-(3)enecarboxylic ( 2 , 3 )  [ 10,111 or other substituted cyclohexane 

or cyclohexenecarboxylic acids [ 12,131 are usually characterized by higher viscosity in 

the nematic phase making them less usefbl as components in liquid crystal mixtures than 

the corresponding derivatives of phenylcyclohexane or biphenylcyclohexane [ 14- 181 

without COO bridge fragment 

y2 
Y" 

*2n+1 c n - ( Q ) p ~ - ~ O O @ - z l - ( @ ) q Y  (3) 
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4 V. BEZBORODOV A N D  R. DABROWSKI 

n = 2-7, 
Y = alkyl, alkoxy radicals, F, CI, CN, NCS, CF3, 

Y I ,  Y2 = H, CH3; p,q = 0,1, Z l  = single bond or 

K1,K2,K3 = benzene or cyclohexane; 

OCF3 OCHF2,OCF2CI; 

bridge fragment 

It has been shown that the most usehl liquid crystalline (LC) compounds for display 

applications [ 14,151 - derivatives of phenylcyclohexane can be prepared by using the 

Nenitzescu method, Grignard reaction or cross-coupling reaction between alkylchlorides 

and 1 -chloro-4-benzene- 1 -cyclohexene [ 16-1 81. 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-~yanophenyl)cyclohexanes which are the most usehl 

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 

CHzCHz 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 [21-231, 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 fi-om the product. Grignard reagents are difficult to prepare from 4- 

bromo- I -(trans-4-alkylcyclohexyl)benzenes and 4-bromo-4-substituted biphenyls. The 

synthesis of 4-(4-substituted pheny1)cyclohexanones and 4-(trans-4-substituted 
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PRESENT AND FUTURE OF THE LIQUID CRYSTAL CHEMISTRY 5 

cyclohexyl)cyclohexanones from the corresponding 4-substituted benzylmethylketones 

[26], 4-substituted benzylcyanides [25], ethylene ketal of 1,4-~yclohexanedione [27,28], 

or from the adducts of the condensation of 2-chloro(ethoxy, formyloxy, 

trimethylsilyloxy)-1,3-butadienes with 4-substituted styrenes [29,30] all are long and 

produce low yields. 

It 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-cyclohexyl-2-phe- 

nylethane [ 3 11. 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]. 

y.1 

y2 y3 

n,m = 2-7; K2,K3 = benzene or cyclohexane; 

Y = alkyl, alkoxy radicals, F, CI, CN, NCS, 
Yl=H,CH3;Y2,Y3=H,F,CI,CH3; q = O , l ;  

CF3, OCF3, OCHF2,0CF2CI, or additionally 
some cyclic fragments with alkyl or alkoxy 
radicals, or the polar groups; 

Z = single bond or bridge fragment. 
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6 V. BEZBORODOV A N D  R. DABROWSKI 

The same problems (difficulty in preparing the starting materials) are also characteristics 

of the preparation of the following liquid crystals: tolanes (7) [33,34]; derivatives of 

alkenylcyclohexane (8) containing a double bond in different positions of an alkenyl tail 

[35-371; compounds containing a ring silicon atom (9) [38-401 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,Zdioxaborinane (1  0) [4 1 -431. 

y2 y3 
H2n+1 c n Rs~-(CH*CH2)p@-z1 -@qY (9) 

n = 0-10; K,,K2,K3 = benzene or cyclohexane; 
R = H, CH3; Y2,Y3 = H, F,CI,CH3; b = 1 ;  c, p, q = 0 or 1; 
Y = alkyl, alkoxy radicals, F, CI, CN, NCS, 

CF3, OCF3, OCHF2, OCF2CI; 
Z1 = 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 [44-471 and other liquid 

crystals [48], we proposed to use non-mesomorphic or mesomorphic 3,6-(2,s)- 

disustituted cyclohex-2-enones (1  1) 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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PRESENT AND FUTURE OF THE LIQUID CRYSTAL CHEMISTRY I 

1 .  Different benzene derivatives without lateral substituents (12, R3 = H) or containing 

lateral fluoro (14) or chloro (1 3) atoms, alkyl (1 2, R3 = alkyl radical) or alkoxy (1 6 )  

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, R3 = H) or containing 

lateral gem-difluoro (30), fluoro (3 1,32,33) 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 ) .  

Scheme 1 
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8 V. BEZBORODOV AND R. DABROWSKI 

Scheme 2 
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PRESENT AND FUTURE OF THE LIQUID CRYSTAL CHEMISTRY 9 

The liquid crystalline 3,6-disubstituted cyclohex-2-enones (1 1) can be expressed by the 

following formula: 

wherein R1 is alkyl radical or alkylalkoxy radical; the terminal group R2 is hydrogen or a 

alkyl, alkoxy radicals, or halogen atoms, other group without or with additional cyclic 

fragment; A,, A*, A3 are single bond or benzene, or cyclohexane rings without or with 

bridge fragment. 

It is known that these substituted cyclohex-Zenones can be prepared by the 

condensation of aromatic aldehydes with acetoacetic ester or acetylacetone, by the 

interaction of some derivatives of cinnarnic aldehyde or benzilidene acetone with 

acetoacetic ester, malonic ester or with acetyl acetone [49-521 or by the Michael's 

connection of vinylalkyl(ary1)ketones to some derivatives of benzylmethyl ketone or 

acetoacetyc ester to acetylacetone, and followed by cyclization in the presence of a base 

[54-581. Other methods are the condensation of the derivatives of acetophenone and 

vinylalkylketones in the presence of the strong bases (But OK), or with the replacment of 

the nitro group on the ring by a ketogroup using the Nefs 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 P-N-dimethylaminopropiopheno- 

nes (Mannichs 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 alcohol, diglyme, dioxane) [48, 60-621. 
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10 V. BEZBORODOV AND R. DABROWSKI 

J. 0. 

R, = alkyl, alkoxy radicals; R2 = alkyl, alkoxy radicals 
F, CI, Br, CN, OCF3. p, q, r = 0 or 1 .  

? 

The interaction of the hydrochlorides of 4,1 -bis-(4-substituted p-N-dimethylaminopro- 

pionyl)benzene, 4,4-bis-(4-substituted J3-N-dimethylaminopropiony1)biphenyl and di- 

benzyI(38), or the hydrochlorides of 4-substituted styryl-P-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)ethylaryl(alkyl)ketones (4 1) with the 2-substituted acetoacetic esters 

(36), 4-substituted benzylmethylketones (42), esters of a-acetyloxalic, a-glutaric acids 

and 2-(2-~yanoethyl)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 (4S), 3-(trans-4-substi- 

tuted cyclohexyl-l)-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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PRESENT AND FUTURE OF THE LIQUID CRYSTAL CHEMISTRY 11 

phenyl)cyclohex-2-enones (49), 3-(4-substituted phenyl)-6-(4-substituted pheny1)cyclo- 

hex-2-enones (50), 3-(4-substituted phenyl)-6-(2-cyanoethyl)cyclohex-2-enones (5 l), 3- 

(4-substituted phenyl)-6-carbalkoxymethylcyclohex-2-enones, 3-(4-substituted pheny1)- 

6-(2-carbalkoxyethyl)cyclohex-2-enones (52) in a yield between 5040% [48,60-621. 

?\ 
H2n+1Cn-@H=CH-Q-X (45) 

n, m = 1-5; X = H, CI, OCmH2m+l 

X = H, CI, OCnHzntl, OC,Hzn+l n, m = 1-5; 

Similar products are also formed from the reaction of hydrochlorides of 4-substituted p- 
N-dimethylaminopropiophenones (35) with acetylacetone resulting in: 6-aryl-3- 

acetylcyclohex-2-enones (53), 3-(4-substituted pheny1)-6-[ 1 -(4-substituted pheny1)- 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
2:

06
 2

0 
A

ug
us

t 2
01

2 



12 V. BEZBORODOV A N D  R .  DABROWSKI 

propanoyl-31 cyclohex-2-enones (54) and spirobi-3 -(4-substituted phenyl)-6-cyclohex-2- 

enones (55) [63] .  

'b (55) 

Thus, the obtained results show that the condensation of the Mannich salts (35) or 2- 

chloro(bromo)ethylaryl(alkyl)ketones (4 1) with 2-substituted acetoacetic esters (36), 4- 

substituted methylbenzylketones (42), or with other analogous ketones and p- 
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]: 

+ 1  

+ I  
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PRESENT AND FUTURE OF THE LIQUID CRYSTAL CHEMISTRY 13 

n, m = 1 -10; A,, A2 = benzene, cyclohexane; p = 0 or 1; 

X = single bond, 0; Y = H, CI, F, CHj. 

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 (1 8), or cyclohexanol (22) 

derivatives of the following formulas [64]: 

?\ 
R1 -A1-C)-A2-Z2-A3-R2 R1 -Alo-A2-Z2-A3-R2 

OH (18) (62) ? 

R1 -A10-A2-Z2-A3-R2 
(22) 

2 .  The interaction of the cyclohexanones (18) with different reagents results in the LC 

gem-difluorocyclohexane (30), cyclohexene (19), halogenocyclohexene (2 1,22,3 1,32), 

cyanocyclohexene (27,28) derivatives of the following formulas [48,22] : 

3 .  The Wolf - Kishner reaction [65] makes possible the synthesis of,  the cyclohexene 

derivatives (63) with various double bond ring positions from the cyclohexenones (1 1) 

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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14 V. BEZBORODOV A N D  R. DABROWSKI 

R1 -A1-o-A2-Z2-A3-R2 R1 -AlO-CH=CH-Z2-A3-R2 
(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 containing a lateral cyano group (29) or alkyl tail 

(19) can be prepared by the catalytic reduction of the corresponding unsaturated 

compounds (19,27,28). 

(23,24,33) (29) 

5 .  The aromatization of the cyclohexenones (1 1) and their hrther 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 (1 7), or chioro (13) and fluoro (14) atoms [67,68]. 

(1 2-1 7) 

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 

azomethines which can form different metal complexes or heterocyclic LC dyes [69] 
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PRESENT AND FUTURE O F  THE LIQUID CRYSTAL CHEMISTRY 15 

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 promising 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 $CH2 CH24 -( @ ) 4CH2 CH2),-C0 CY = CY2 YOC-CH2 COOC2H5 

R = alkyl radical, halogen atoms; A, A1 = benzene, cyclohexene, 
cyclohexane; p, q, s = 0,l; Y1 Y2= H, CH,; Y = alkyl radical. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
2:

06
 2

0 
A

ug
us

t 2
01

2 
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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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