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Synthesis of Novel Discotic Mesogen Containing 
Electron-Transportable Oxadiazole Moiety 

BONG GI KIM, SEHOON KIM and SO0 YOUNG PARK* 

School of ,bfoterrcils Scicwte and Eiigineerirzg, Seoul Nulional Unwcrsitj, 
San Sh-l,Shilim-nor~g, Kwunak-Ku, Seoul 151-742 (Koreu) 

We synth&ml and characted a novel dimtic liquid crystalline material 
(THOB) composed of 1,3,.5-tri-substituted benzene cox and 244- 
kxyloxyphenyl>-oxadiazol-S-yl arms. Chemical Sbucture of THOB was 
c- . ushg 'H-Nh4R and mass spectroscopy and its thermal behavior was 
determined using DSC and polarized optical microscopy. THOB showed narrow 
mesophase region at around 128 "C and exhibited nematic-like texture. 

Kewords Dimtic liquid crystal; Ckadimle; Star moleculc. 

INTRODUCTION 

Discotic liquid crystals (LCs) are well know materials in the supramolecular 
chermshy due to their self-assembly characteristics such as columnar architectures. 
Since these unique structures nonnally enhance Canier mobility along column axis, 
dimtic LCs have been ap~lied to organiccondwtor,"l photo-conduckdZ1 and 
o m c  light emitting diode. x 4 1   here are two different classes ofinteractions acting 
as a driving force for forming a columnar shctue in discotic LCs. One is a cox-to- 
core intemction of molecules with bulky aromatic core, as exapMed by 
triphenylene- and phthaocyanine~red discogew~!s~q The other is an arm-to-am 
interaction between molecules that have small core and polar arms such as tri- or 
hexa-sx&itutcd benzene derivacive~."'~~ In the latter case, if the polarity of arm is 
not enough, such as multivne, the inesogens form a discotic n d c  LC rather than 
a co~umnar architect~re.'~l  hat is, the polarity of arm is essentid in tht: ~nallcore 
mesogens for the formation of columnar phase. Mer or amide group has usually 
been adopted for this pur~ose?~*~ However, these polar groups (esters, amides, etc.) 
inevitably break the conjugation of am and result in @ally non-conjugated 
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molecules. in this work, we aimed at the synth& offidly conjugatd dimtic LC' 
that might combine the photo-functionality and columrlar xchitectwc. From the 
semi-empirical molecular orbital calculatioix it was found that thc transverse dipolc 
tnonicnt ofoxadimle moiety (3.60 U) is higher than ester (2.85 D) or amide (3.35 
D). Thus. we designed and synthesized a novel ciiscutic I,C composed of small 
benzene core and three identical coniugated arms containing o.uadimle moiety. 
diich could provide a h-ansversc polarity as well as c l ~ ~ r c m  trm.sportabiIity. 

'l'he cheniical stnlcturc and synthetic route ofthe now1 disu)lic LC. I .3.5-tris[2-(4- 
he?ryloxyphenyl)-oxadiazol-5-yl]benzene (THOB, 3), is depicted in FKil .RE 1 
MI the -en& were used as received h m  Aldrich C'hernical Co. Structures of 1.2. 
and 3 were idcntifiad with 300 M H z  'H-NMR (Jml JNM-LA300) spectra ~lsuig 
Clx'l-, solution. The molar mas  of THOB was m e a d  with GCMS (JMS 
Ax505WA) in FAB mode 

FIGUIW 1 Synthetic xhane of ox&azolect)nfaming & m t i c  I x' 

4Hexyloxv etliylbenzuate (11 
33.24 g (0.2 mol) of 4-hydroxy ethylbenzoate was rlissolved in I00 in1 , ethanol a d  
1 1.22 g (0.2 mol) of KOH and d $ c  amount of KI were added to the solution. 
Ihe ~ l u t i o n  tms heated to 60 "C with magnetic stiming and 27.48 mL (0.2 mol) of 
1 -chlornhexane \.rj;ts then added dropwise. 'The reaction wa? conducted uider ~ C ~ ~ L L Y  
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SYNTHESIS OF DISCOTIC MESOGEN WIT11 OXADIAZOLE MOIETY 390 

until completion in about 6 h. Ihe reaction mixture was then p o d  into cold water 
and extracted with ethylacetate. Nier removal of solvent, the crude pduc t  was 
reprecipitated into n-hexane wield 82%)). ' 1 3 - m  7.99 (4 2H), 6.89 (4 2H), 4.31 
(9,2H), 4.00 (C 2H). 

4-Hexvloxv-benzoic acid hvdrazide (2). 
25.0 g (0.1 mol) of 1 was suspended in 150 mL of ethanoVH20 (7/3 volume ratio) 
solution and two equivalent of KOH was added This mixtUn: was refluxed for 3 h 
and p o d  into excess cold water Solution was neutralized and the precipitate was 
collected by amion. The thomughly dried white solid was suspended in 
dichloromethane (10 mt.) solution containing 7.3 mL of thionyl chloride. After 
addhg catalytrc amounts of NJ-dimethyl formamide (DMF), the solution was 
hated to 70 "C with magnebc stirring for 2 h. The reaction mixture was cooled to 0 
"C and diluted v&h 15 mL of Xadried tetmhydmfixan WF). And then, this 
solution was added dmpwise to a vigorously stirred mixture composed of 24 mL 
(0.5mol) of hydrazit= monohydrate and 20 mL of biethylamine ('TEA). The 
d o n  mixture was stirred for 20 min and then diluted with excess THF. The 
yellowish salt was eliminated by ~tmtion and solvmt was moved  with rotaty 
vacuum evaporator. After imp~t ies  were eliminated through flash column of silica 
gel (Merck 60, 70-230 mesh) using ethyl acetate, white solid was obtained by 
elution with THF (yield 70 %). IH-Nh@ 7.72 (d, 2H), 6.90 (4 2H), 5.99 (t, 2H). 

1 , ~ , ~ - T I ~ s [ ~ - ( ~ ~ x v ~ o x Y D ~ I ~  I h x a d i m l - 5 - y l l b e  ITHOBl(3). 
2.6 g (0.01 mol) of 1,3,5-benzene tricarboxylc acid chloride was prepared h m  
hiicarboxylic acid and 5mL of thionyl chloride and subsequently reacted with THF 
solution containing 9.5 g (0.04 mol) of 2 a d  20 mL of TEA to give acid hydrazide. 
After stirring for 20 min, the mction mixturr: was diluted with excess THF and 
yellowish salt was eliminated by a t d o n .  Obtained yellow solid was dissolved and 
reflmed in 20 mL of POCl3 for 2 h to e f f d  ring closure. The solution was then 
p o d  into cold water and neutdmi. Afier extraction with dichlomrnethane, the 
crude prcduct was m l l l y  purified by column chromatography on silica gel using 
dichloromethme:ethyl acetate:mhexane (1 : 1 : 1) as eluent weld 45%). ' H - M  
9.02(t,3H),8.15(d,6H),7.08(d,6H),4.07(t,611);m/7.;811 (calcd.810). 

RESULTS AND DISCUSSION 

Novel dimtic mesogq THOB was synthesmxl in good yield and its structure 
was swcessfully identified. Phase bansition tempahms and enthalpy changes of 

(DSC) and are listed in TABLE 1. It was observed in heating trace that THOB 
THOB W= investigated Perkin-Elmer 7 differential scanning calorimeter 
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394 B.G. KIM et al. 

showed q s t a l  to liquid crystal k t i o n  at 123.4 "C with enthalpy change of 22.3 1 
Jg' and liquid crystal to isotmpic transition at 128.2 "C with very small entbalpy 
change (0.21 Jg'). In the subsequent mhng cycle, only isotropic to crystal 
&tion was detected by DSC. However, we could detect very namlw mesophase 
range (a. 1-2 "C) even in the mhg process by polarized optical miemcopy 
(POW. Memphase t e r n  of THOB was not common, and we could not clanfy 
the lattioe structure of THOB by small angle X-ray difbction, owing to the 
expmmtal difficulty related to the extreanely namlw mesophase mge. It is 
spedakd that the larger polarity and shoaer hexyloxytail imtaxd-ty of 
THOB, a& resulted in a d u c d  kndency of mesophase formation. Fu~ther 
.skudud modifications includmg the change of the tail group are currently 
urdemay in our labomtoIyto obtainwid~mesophase mge. 

TI "C (AH/ Jg') 
compound 

Heati% ~ h 2  

WOB] K 123.4 (22.31) D 1282 (0.21) I I101.6D loOK' 

TABLE 1 Phase behavior of THOB. Transition temperatures and 
enthalpy changes were detexmhed by DSC (scan rate 10 "C min-'). 
a T d t i o n  was observed only in pohmg microscopy and enthalpy change 
couldnot be detectedincoohghace. 

A- 
T ~ ~ ~ w o I ~ c ~ ~ I ~ ~ ~ ~ C R M - C O S E F ~ ~ ~ B K - ~ ~  m 

w- 
[l]N.Boden,R Bissell, J. CIements,B.Mo~,Li~.CrystToday,6,1(1996). 
[2] D. Adam, P. Schuhmacher, J. S i ,  L. HAushg, K. Siemmeya, K. H. 

[3] I. S m  V Stiipflen, J. H. WimbrK, D. B. Spohn, D. MO biw, LiQ. C M ,  4, 

[4] T. CEniSt, B. Gluxq A. Ckher ,  A. Kettna, R Sandex, V. Stumpflen, V. 

[5] N. Boden, R C. Bomer, R J. Bushby, A. N. Cammidge, M. V. Jesudason, 

[6] M. Harmk Svnthesis, 703 (1 987). 
[A J. YCbang,J.H.Batk,C.B. Lee,M. J.Han,J.Am.Chem. Scc, 119,3197 

[8]S.Chanchasekbar,BB.K.Sadashiva,K.A.S~,7,471 (1979) 
[9] K. Pmekke, B. Kobne, D. S ~ K ,  hgew . chem Int Ed Erg!., 29,177 (1990). 

E@h& H. D. Haam, N m  371,141 ( l a ) .  

613 (1997) 

Tsulauk, J. H. Wendor& A&. e., 9,48 (1997). 

crvst, 15,85 1 (1993). 

(1997. 

D
ow

nl
oa

de
d 

by
 [

A
na

do
lu

 U
ni

ve
rs

ity
] 

at
 0

4:
24

 2
7 

D
ec

em
be

r 
20

14
 




