
This article was downloaded by: [University of California, San Diego]
On: 21 August 2012, At: 11:55
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

Syntheses and Mesomorphic Properties of
New Laterally Attached Mesogenic Dimers
V. Surendranath a & D. L. Johnson a
a Department of Physics, Kent State University, Kent, OH, 44242

Version of record first published: 04 Oct 2006

To cite this article: V. Surendranath & D. L. Johnson (1997): Syntheses and Mesomorphic Properties of
New Laterally Attached Mesogenic Dimers, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 303:1, 305-311

To link to this article:  http://dx.doi.org/10.1080/10587259708039439

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/10.1080/10587259708039439
http://www.tandfonline.com/page/terms-and-conditions


M d .  Crysf. Liq. Cryst.. 1997. Vol. 303. pp. 305-31 I 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in  The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in India 

SYNTHESES AND MESOMORPHIC PROPERTIES OF NEW 
LATERALLY ATTACHED MESOGENIC DIMERS 

V. SURENDRANATH and D.L. JOHNSON 
Department of Physics, Kent State University, Kent, OH 44242 

Abstract The syntheses and mesomorphic properties of novel laterally attached 
non-chiral and chiral dimers have been reported. The reported non-chiral dimers 
showed monotropic nematic phase and the chiral dimers showed monotropic 
cholesteric phase. 

INTRODUCTION 

Liquid crystalline dimers, trimers and oligomers are intermediates between low 
molecular mass liquid crystal materials and liquid crystalline polymers. The interest 
in dimeric mesogens, in particular, stems not only from their ability to act as model 
compounds for liquid crystalline polymers but also from their quite different 
properties to conventional low mass liquid crystals]. For instance, the transitional 
properties of dimers are known to be dependent on the length and the panty of the 
flexible spacer, i.e. the members of the series with an even number of atoms in the 
spacer have significantly higher nematic-isotropic transition temperatures than those 
members with an odd number of atoms. Several terminally attached liquid 
crystalline dimers have been inve~tigated~.~ extensively in recent years. Very few 
laterally attached dimers have been reported in literature as compared to terminally 
attached dimers. We report here the syntheses and mesomorphic properties of new 
laterally attached liquid crystalline dimers incorporating a 2,7-disubstituted fluorine 
as the monomer unit. 

SYNTHESIS 

The synthesis of monomers and the laterally attached dimers was accomplished 
following the reaction sequence shown in scheme1 .The reactive intermediatel 
required for the preparation of the monomers was synthesized starting from readily 
available fluorene. Synthesis of this material has been reported by Hornor et.a15 and 
it involves several steps. We describe here an alternative synthesis involving a fewer 
number of steps. Fluorene was diacetylated using acetyl chloride and aluminum 
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chloride and the resulting 2,7-diacetylfluorene was subjected to Bayer-Villiger 

1 

yc-c-0 0-C-CH,  

3 2 

4 0 

5 

0 -c ,x,c-o 

a) CH, COCl / AlCl, b) MCPB / CHC1, C) Na2Cr,0, / CH,COOH 

d )  PYRIDINE e )  NaBH, / EnSH f )  DCCI / DMAP 

SCHEME- 1 
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SYNTHESIS OF DIMERS [1745]1307 

oxidation to give 2,7-diacetoxy fluorene. Oxidation of the diacetoxy compound 
using sodium dichromate and subsequent alkaline hydrolysis provided the desired 
intermediate &. 2,7-Dhydroxyfluorenone 4 was esterified with 4-n-alkylbenzoyl 
chloride in pyridine and the resulting keto diester was reduced with sodium 
borohydride. The liquid crystalline dimers were prepared by reacting the hydroxy 
compound4 with aliphatic dicarboxylic acids in the presence of dicyclohexyl 
cabodiimide and dimethylaminopyridine. All the compounds were purified by 
crystallization and flash chromatography until they showed a single spot on TLC and 
the NMR indicated the absence of impurities. As a typical example the synthesis of 
Bis [9 (2,7-di-n-hexylphenylcarbonyloxy) fluorenyl] glutarate is described in detail. 

PROPERTIES 

The phase transition temperatures of the monomers and the dimers are given in 
tables 1 and 2 respectively. The monomers with lateral hydroxyl substituent showed 
nematic phase. The acetyl derivative is nonmesomorphic. The non-chiral dimers 
showed monotropic nematic phase and the chiral dimers showed monotropic 
cholesteric phase. The isotropic to nematic phase transition enthalpy (0.3-0.6cal/g) 
is consistent with N-I transition. The transition enthalpy of nematic to cholesteric 
transition is also small (0.3-0.45 cal/g). The transition temperature of the terminally 
attached dimers are known to depend on the length and parity of the spacer. The 
change in the spacer length gave only the monotropic nematic phase. The 
appearance of the nematic phase for the dimer (x=(CH,), ) a few degrees below the 
melting temperature indicates that longer spacers could induce enantiotropic 
mesophase. The melting temperatures are also appreciably affected by the spacer 
length. The melting temperature of the dimer decreases with an increase in the chain 

Table I 
Transition temperahime) for 

length at the terminal ends of the monomer unit. In the case of terminally attached 
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dimers it has been observed that the compounds become smectogenic when the alkyl 
chain length is increased. Studies are underway to understand similar effects in the 
case of laterally attached dimers reported here. 

Table2 

Transition ternperatures(')for 

CONCLUSIONS 

The synthesis and mesomorphic properties of new laterally attached dimers have 
been reported. The non-chiral dimers showed a monotropic nematic phase and the 
chiral dimers showed a monotropic cholesteric phase. 
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SYNTHESIS OF DIMERS [ 1747]/309 

EXPERI- 

The n-alkylbenzoyl chloride and (R)-(+)-3-methyladipic acid were purchased from 
Aldrich Chemical Co. TLC data were collected from Anal-Tech silica gel GHLF 
Uniplates and UV light as detector. Flash chromatography6 was done on E Merck 
silica gel(230-400 mesh) under nitrogen (10-1 5 psi). IR spectra were obtained using 
a Pye Unicam 3-200 instrument and NMR spectra were run in CDCl, with TMS as 
the internal standard using Varian Gemini 200 MHz instrument. Transition 
temperatures and mesophase identification were determined using Leitz polarizing 
microscope fitted with a modified FP-2 heating stage. DSC scans were run using a 
Perkin Elmer DSC4 at a heating rate of 5' per minute. 

2.7-Dacetvlfluo re= 1 
To a stirred suspension of fluorene (8.3g, 0.05mol) and AICI, (14.6g, 0.1 Imol) in 
anhyd carbon disulfide at 0' was added dropwise a solution of acetyl chloride (8.668, 
0.1 lmol) in carbon disulfide (20ml). The reaction mixture was stirred at ambient 
temperature for 24hr, and heated under reflux for Ihr. The solvent was removed 
under reduced pressure and poured into a mixture of conc HCl(50ml) and ice-water 
(1 00ml) and stirred for 4hr. The precipitated solid was filtered washed with water 
repeatedly , dried and purified by crystallization from EtOH to give the diacetyl 
compound 1: 8.5g (68%), mp. 180-2 , TLC (CH2Cl2) &=0.16, IR (nujol) ,1680, 
1660, (ketone) , 1600, 1250, 870 and 810cm-' and 'H NMR (CDCl,) 6 2.65 (s. 6, 
COCH,), 3.95 ( s ,  2, -CHI) ,7.8(d,2, J=8.1Hz, ArH), 8.05 (m, 2, ArH), and 8.15(s, 
2, ArH). 

2.7-Diace&xyfluorene, 2 
To a stirred solution of diacetyl fluorene 1, (2.5g, O.Olmo1) in CHCl, (50ml) at 0" 
and protected from light was added in small portions m-chloroperbenzoic acid 
(4.52g ,0.026mol) and the mixture was stirred at ambient temperature for three days. 
The resulting suspension was washed repeatedly with 5% aq NaHCO,, water, dried 
over anhyd NazSOl and filtered and the filtrate was rotovaped to give the crude 
product. Recrystallization of the material gave diacetoxy fluorene 2: 1.9g (68- 
70%)mp. 165-6, TLC (CH,Cl,) e 0 . 4 2  and IR (nujol) 1740 (s, ester C=O), 1460, 
1210,1110,1010,900 and 830 cm-'and 'H NMR (CDC1,) 6 2.34 (s ,6 ,  OCOCHJ, 
3.84 (s , 2  -CH2) ,7.1 (m ,2 ,  ArH), 7.3 (s ,2 ,  ArH) 7.7 (d , 2  , j=8Hz, ArH). 

3 2.7-Diacetoxvfluoren - -  9 One, 
Finely powdered sodium dichromate (2.5g) was added in small portions to a boiling 
solution of diacetoxy compound 2 (OSg , 1.8mmol) in glacial acetic acid (25ml) and 
the reaction mixture was heated under reflux for lhr after the addition was complete. 
The cooled reaction mixture was added to ice-cold water (200ml), stirred for lhr , 
filtered, and the solid was washed with water. Recrystallization of the dried yellow 
solid from EtOWCHCI, gave the ketone 3: 0.25g (48-50%) mp. 228-30, TLC 
(CH,Cl,) 0.16 and IR (nujol) 1750 (s ,ketone), 1730 (s , ester), 1450, 1200, 1010, 
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930,900, and 840 cm". The solubility of compound 3 in CHCl, ,acetone, and DMSO 
was very poor for obtaining NMR data. 

2.7-Dih vdroxyfluor en-9-one ~ 4 
A mixture of diactoxyfluorenone 3 (OSg, 1.69mmol), KOH (0.2g ,3.5mmol) in 
EtOH (20ml) and water (4ml) was heated under reflux for 2hr. The cooled reaction 
mixture was added to water (50ml) and acidified with dil HCI and the precipitated 
solid was washed with water repeatedly to give the crude phenolic compound. 
Recrystallization from aq EtOH gave the ketone 4: 0.28g (78%), mp.235-7(dec) IR 
(nujol) ,3400( ArOH ),and 1740 (ketone) and 'H NMR (CDCIJ DMSO-D6) 6 6.8- 
7.2( m ,6 ,  ArH) and 9.45 ( b , ArOH). 

2.7-Di- (4-n-hexvl~hen~lcarbonvloxy) fluoren-9-one , 5  
4-n-Hexylbenzoyl chloride (0.67g ,3mmol) was added to a stirred solution of 
fluorenone 4 (0.3g ,1.4mmol) in pyridine at Oo and the stirring was continued for 
24hr at ambient temperature. The reaction mixture was poured into ice-cold water 
(200ml) , stirred for lhr and the precipitated yellow material was washed with water 
repeatedly and dried to give the crude ester. Recrystallization of the crude product 
from EtOWCHCI, gave the pure diester 5: mp. 191-2 , TLC (CHCI,) , Rp0.48 and 
IR(nujo1) 1750 (s, ketone), 1730 (s ,ester C=O) ,1460, 1270, 1060,850 and 800cm- 
'and 'HNMR(CDC1,) 6 0.9(t,6,-CH&HJ, 1.3 (m,12,methyleneH) 1.5-1.7(m 
,6 ,  methylene H), 2.7 (t, 4 ,  j=S.OHz ,ArCH2), 7.5-7.7 (m , 3 ,ArH,Fluorine ring), 
8.15 (d , 4  , j=S.OHz , ArH). 

2.7-Di(4-n-hexv1~henvkarbonvloxv) fluoren-9-01 , 6  
Sodium borohydride (0.25g ,0.68 mmol) was added to a stirred solution of 
fluorenone 5 (0.4g ,0.68 mmol) in EtOH (1 Oml) and CH,CL, (1 Oml) and the stirring 
continued until the yellow color of the solution disappeared. The reaction mixture 
was diluted with water (50ml), and extracted with CH,CI, (3x25ml). The CH,Cl, 
extract was washed with water, dried over anhyd Na2S04, filtered, and rotovaped to 
give the crude product. Recrystallization from EtOW CHCI, gave the pure 
compound 6:  mp. 181-2, TLC (CH,C1,) Ri0.23 and IR (nujol) 3480 (ArOH) , 
1635 (s , ester C=O) , 1610,1380,1290,1210, and 1180 cm" and 'H NMR (CDCI,) 
6 0.86-0.9 ( t, 6 , -CH,CH,) , 1.2- 1.7 (m , 16 , methylene H) 2.68 ( d, 1 , j=1 OHz , 
0-H) ,2.7 ( t ,  4 , J=7.9Hz), 5.55 (d, I ,  J=IOHz, 9H in the fluorine ring), 7.15-7.35 
( m, 6 , ArH) ,7.45 (s , 1 , 1H in fluorine ring), 7.65 (d, 2 , J=8Hz ArH , ortho to 
alkyl chain) and 8.15 ( d, 4 , J=S.OHz, ArH , ortho to ester in fluorine ring). 

Bis[9( 2.7-dihexvlphenvlcarbonvloxy )fluorenylj elutarate , 7  
To a solution of fluoreno16 (0.2g, 0.29mmol), glutaric acid (O.l3g, 0.08mmol) and 
DMAP (0.13,O.lmmol) in CH,Cl, (10ml) was added DCC (0.041g ,O.lmmol). The 
resulting solution was stirred for three days. After removal of solvent by 
evaporation, the residue was washed with EtOH and the product was purified by 
flash chromatography on silica gel with 1% EtOAc in CH,Cl, as the eluent. 
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SYNTHESIS OF DIMERS [ 1749113 1 1 

Crystallization from EtOWCHCI, gave the pure dimer 7: 0.1 g (47%), TLC (CH Q1) 
v 0 . 2 7 ,  IR (nujol) 1730 (s, ester), 1460, 1250, 1200, 1080, and 1010 cm" and 'H 
NMR (CDCI,) 6 0.88 (t, 6 ,Cy CIJ ) , 1.2-1.4 (m, methylene H) , 1.52-1.62 (m 
,methylene H) 2.1 (m, 2 ,CH,CH,COO), 2.55 (4 2 , U , C O O ) ,  2.7 (t, 8 , J=S.OHz 
, ArCH,) , 6.75 ( s ,  1, 9H in fluorene ring) , 7.15-7.3 (m, 12, ArH) , 7.65 (d, 2 ,  
J=S.OHz, ArH ortho to alkyl chain) and 8.15 (d, 8 , ArH in phenyl ring ortho to 
ester). 
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