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New Heterocyclic Analogs of BCH- and CBC- 
Compounds 

LUDMILA A. KARAMYSHEVA, IRINA F. AGAFONOVA 
and SOFIA I. TORGOVA 

SSC RF “NIOPIK” (Organic Intermediates & Dyes Institute), 
B. Sadovaya 1/4, Moscow 103787, Russia 

A series of new liquid crystalline compounds with BCH- and CBC- structures was synthe- 
sized. They differ from the known carbocyclic analogs by the 1,2,4-oxadiazole fragment 
placed in various positions of the long mesomorphic molecule. The cross-coupling reaction 
of the aromatic boric acids and bromides is a new way for mesogenic heterocycles design. 
The transition temperatures of these new liquid crystals are lower as compared with carbocy- 
clic BCH- and CBC- analogs and significantly depend on the position of the nonlinear hete- 
rocyclic unit in the molecular chain. 

Kevwords: 1,2,4-oxadiazole; cross-coupling; biphenylcyclohexane (BCH); dicyclohexylbi- 
phenyl (CBC) 

INTRODUCTION 

The cross-coupling reaction of aromatic halogenides, arylmagnesiurn 
halogenides and arylboric acids with Pd complexes as catalists is widely used 
in organic synthesis for designing different types of molecules containing 
biphenyl fragment. 

In the present time this method is also applied to the synthesis of a large 
number of mono- and bi-cyclohexylbiphenyl liquid crystalline compounds[ 11. 

However, there are few examples of application of the cross-coupling reaction 
to the synthesis of heterocyclic mesogend21. In the present work the cross- 
coupling reaction is used for obtaining the mesomorphic 1,2,4-0xadiazoles. 

[29 1711407 
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The last ones contain biphenyl- and cyclohexane- fragments and differ from the 
known BCH- and CBC- compounds by the asymmetric heterocyclic unit, 
placed in different parts of the long mesomorphic molecule. 

EXPERIMENT 

The synthesis of cyclohexyl containing oxadiazoles was fulfilled starting from 
arylbromides and arylboric acids, according to the common Scheme 1. The 
palladium complex PdC12.(PPh3)2 was used as a catalist. 

SCHEME 1 

where R, X = Alk, Cyclohexyl (Cy), Ar and X = F. 
3,s-Disubstituted 1,2,4-0xadiazoles, containing cyclohexyl fragment 

(UI), correspondent with respect to the structures (I, II) given in the Scheme 1 
were synthesized by the method of direct heterocyclic formation described in 
our previous workP1. Here we report the cross-coupling reaction €or obtaining 
the compounds I-IV. 

General Drocedure of cross-coupline reaction 

The mixture of arylboric acid (0.095 mol) in 90 ml of DMF and 50 ml of 2M 
water solution of Nap203 was stirred with further addition of water till 
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complete solubilization of arylboric acid. 1% of the catalist PdC12(PPh3)2 
was added. A solution of corresponding arylbromide (0.095 mol) in 30 ml 
DMF was added at room temperature and the mixture was refluxed 3-4 hours, 
then it was extracted by benzene or chlorophorm, followed by chromatography 
on Si02 and crystallization. 

The transition temperatures of liquid crystals (LC) I-N were measured 
using a Mettler FP-5 1 apparatus: they are reported in Table 1. 

RESULTS AND DISCUSSION 

The introduction of a supplementary heterocyclic unit into the BCH- or CBC- 
structures leads to the following consequences: 

i. In the series of BCH-analogs: the increase of the clearing points and the 
enlargement of the mesomorphic interval, as compared with the corresponding 
carbocycles IV a-d (compare substances Ia, ma-b with N a  and Ib, IIa, IIIc-h 
with Nb-d). In the more symmetric structures (m) the tendency to rising of 
clearing points is less defined. It is necessary to note that some of new 
heterocyclic mesogens exhibit the thermal destruction before reaching the 
isotropic transition. As a rule, the series of CBC- heteroanalogs (Ig, h, Ub, Mi, 
j) are characterized by lower mesophase themostability as well as by lower 
chemical stability with respect to the correspondent carboxylic compounds 
Ne-g. 

ii. The change of the type of mesophase, depending on the heterocycle position 
with respect to the biphenyl system. The more symmetrical shape of the 
molecule (when the oxadiazole fragment is in the centre of the molecular 
chain) results in the appearance of the nematic phase more likely than in the 
case when the heterocyclic unit has the ended position (compare in the BCH 
series the compounds I a-c, II a and III d-f with I d,e and also I g,h III i with I[ b 
- in the series of CBC analogs). 
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TABLE 1 Phase transition temperatures of oxadiazoles with BCH- and CBC-structures (I-IV) 
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iii. As it was indicated also in the refs.[3.5] the phenylcyclohexane fragment in 
the diazolic part of the molecule leads to the predominancy of the nematic 
phase. On the contrary, the phenylcyclohexane system in the oxazolic part 
plays a smectogenic role (compare ILI d-f and III g. This tendency is more 
pronounced in the case of biphenyl substituent in the oxazolic part (compouids 
III h and I d-f as compared with II a, and I g,h as compared with II b). 

It is interesting the fact that, as a rule, in the homologous series of the 
new 1,2,4-oxadiazoles there is an essential depression of the melting poiiits, 
when Alk=C3H7. 

As a conclusion, the use of the asymmetrical 1,2,4-oxadiazolic cycle 
results in a wide variety of the mesomorphic behavior, according to the 
different position of the heterocyclic unit in the molecule. 

It is known, that in the cross-coupling reactions also dimers of the type IV 
are obtained, together with the usual products of the classic cross-interaction. 
This is due to the self-interaction of the arylboric acid radicals[*]. By obtaining 
new oxadiazoles of the types I, II according to the present method, the amount 
.of these products IV considerably increases, especially when the arylbromide 
contains a Hal-substituent in o-position (to 50% weight). For example, by the 
cross-coupling reaction of thiadiazolic bromide (V) with amylcyclohe cyl 
phenylboric acid, the carbonic compound IV g was obtained, and purified by 
chromatography on Si02 (see Scheme 2). 

SCHEME 2 

I"' 
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Accordingly to NMR data, the heterocyclic mesomorphic product of this 
reaction really is a mixture which could contain as a classic cross-coupling 
products both products of coupling of starting bromide (V) by the type of Vurtz 
reaction. Some nonlinear products with 2,2'-disubstituted biphenyl system 
could be formed hereby[gl, This interesting fact will be a subject of our further 
investigations, devoted to the applications of cross-coupling reaction to the 
new oxa(thia)diazolic synthesis. 
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