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MESOGENIC BEHAVTORS OF 4-CAFBOXY- AND 4-PROPENYLOXY- 
BENZO- 15-CROWN-5 STILBh70LYL ESTERS 

J. J. Tsaih and L J. Yu, 
Department of Chemistry, Tamkang University, 
Tamsui, Taiwan 25137, Republic of China 

Abstract Mesogens without terminal chain were obtained by connecting benzo- 
15-crown-5 and stilbazole with carboxy and propenoic acids. A nematic phase 
was observed for the later on cooling from 145 to 129°C. Hydrogen bond 
induced nematic and smectic A phases with wide temperature ranges were 
observed for mixtures containing para- and meta-atkyloxybenzoic acids as 
proton donors. 

INTRODUCTION 

There has been a great deal of studies about crown ethers since the first report by 
Pedersen in 1967l. Macrocyclic polyamine crownethers exhibited disclike mesogenic 
behaviors were reported by Lehn et al. in 1985.’ Rodlike molecules consisted of crown 
ethers as the central cores and connected with two mesogenic terminal chains were 
reported by Xie et aL3 and TuSn et aL4, enantiotropic mesophases were observed in 
some cases. Rodlike molecules containing benzocrown ether as the terminal group were 
reported by He et al..’ and Percec et aL6, nomesogenic or monotropic behaviors were 
observed. 

Incorporation of photoactivity with the functions of crown ether has attracted atten- 
tions and interesting behaviors were reported.’” Stilbazole and 4-alkyloxy-4’-stilbaole 
were known to undergo photoisomerization and photodimerization.’ When the alkyloxy 
chain were replaced by 4-aky~oxy-benzoyloxy group, much wider and higher mesophase 
temperatures were observed.” These single terminal chain mesogens behaved as proton 
acceptors due to the pyridine ring at the other end. Various mesophases could be induced 
with suitable proton donors.” 

In the present study, the stilbazole was connected to benzo-15-crown-5 by an ester 
and an acrylate, SPBCE and SPCCE, respectively. These molecules possessed no 
terminal group and exhibited mesophases. With the presence of 4-alkyloxy benzoic acid 
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(CnOBA) and  3 -  a lkyloxy benzoic  ac id(m-CnOBA),  w i d e  nematic  a n d  
smectic .4 phases were induced due to the formation of hydrogen bond. 

The synthetic proceduces of SPBCE were shown in Scheme 1. The proceduces for 
SPCCE were the same except that caf€eic acid was the starting reagent. The results of 
elemental analysis and proton mIR spectra for all the intermediates and final products 
agreed with those of desired structures." 

The mixtures contained 1: 1 mole ratio of proton donor and acceptor were prepared 
by weighing adequate amounts of components into vials and heated to isotropic for 
mixing. The textures displayed between microscopic slide and coverslip were 
characterized with an optically polarized microscope (MKON, OPTIPHOT-POL) 
equipped with a heating stage (Mettler FP800 and FP82). The transition enthalpy was 
measured by a differential scanning calorimeter (Mettler FP800 and €3'85). The-NMR 
spectra were recorded by a Btuker AC 300 NpvlR spectrometer. The elemental analysis 
was carried out by a Heraeus CHN-0-RAPID elemental analyzer and molecular mass 
was determined by a VG BIOTHECH Trio-2000 GC Mass spectrometer. 

The crystals of SPBCE melted into isotropic liquid at 147-150°C. Upon quench cooling a 
nematic texture immediately followed by crystallization was observed. However, when 
the cooling rate was programmed(<lO"C/min) no mesophase was observed. The crystals 
of SPCCE became isotropic at 180-182°c. The isotropic liquid changed to Schlieren 
texture of nematic phase with 2- and 4-brush at 146°C on cooling (rate 5"C/min), which 
crystallized at 128°C. 

The mesophase behaviors for mixtures of SPBCE and CnOBA and m-CnOBA were 
shown in Table I and II, respectively. Enantiotropic nematic phases were observed for 
CnOBNSPBCE with 1116 for the alkyloxy chain. Monotropic nematic and smectic A 
phases were observed for n=7, and nearly so for n=8. Enantiotropic nematic and smectic 
A for n=9 and 10. Only enmtiotropic srnectic A was observed for n l l 2 ,  For the 
mixtures of m-CnOBNSPBCE, monotropic nematic phase was observed for nG5, and 
enantiotropic smectic A for n 2  7.The temperature ranges of these hydrogen bond induced 
mesophases were apparently narrower than those of CnOBNSPBCE mixtures. 

When compound SPCCE was empioyed as the proton acceptor, much wider 
mesophase temperature ranges with higher isotropic temperatures were observed, Fig.1 
and 2. For mixtures of CnOBAISPCCE, enantiotropic nematic for n=4 and 5 ,  and 
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enantiotropic nematic and smectic A for n=6 up to 12 were observed. For mixtures of m- 
CnOBNSPCCE, enantiotropic nematic and smectic A for n=4 up to 7, and enantiotropic 
smectic A for n 2 8  were observed. The mixtures of rn-CnOBNSPCCE remained as 
smectic A at room temperature for days. 

DISCUSSION 

The molecules SPBCE and SPCCE consisted of a stilbazole at one end and a benzo-15- 
crown-5 at the other. These molecules possessed no terminal groups, unlike the typical 
rod-like mesogens. Forthermore, the diameter of the 15CS moiety is about 2 times that of 
a benzene or pyridine ring. Therefore the formation of mesophase wouid be less likely as 
compared to the typical rod-like molecules of the same molecular weight. As a matter of  
fact, 4-alkyloxy-Q'-stilbaole homologues exhibited smectic B phases(-10°C) and 4-[4'- 
alkyloxy benzoyio~]-4"stiIbazole homologues exhibited nematic and smectic A phases 
(60-100°C). These were also stilbazole containing molecules but with one terminal chain. 
Apparently, it was due to the bulky factor of the crown moiety the stability of the meso- 
phase was reduced. 

The formation of rnesophases were expected when proton donors were mixed with 
these two proton acceptors. For the hydrogen bonded complexes, the molecular length 
was increased and a flexible chain was attached. These factors strongly stabilized the 
mesophases although the complexes still consisted of a benzocrown moiety. 

The mixtures consisted of m-CnOBA as the proton donor exhibited narrower 
mesophase temperature ranges and lower isotropic temperatures. These effects were 
attributed to the meta-position substitution of the alkyloxy chains. A lateral substitution 
would reduce the mesophase temperarure range. 

AcknowledgmentThis work was supported by the National Science Council under 
contract numbers: NSC84-2113-M032-004 and NSC85-2113-M032-002. 
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Scheme 1 

SPBCE i O d 0 ’  

a : bis-~2-(2-~hIoroethoxy)-ethyl]-ether, NaOH , Nal , iMeOH 
b : 4-bromophenol , DCC , DMAP , CH2C12 

c : 4VP, Pd(OAc), , PPh , Et,N, CH,CN 
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