
This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:40
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

Mesogenic Biphenyl Derivatives
with Azo and Ester Central
Linkage
A. K. Prajapati a
a Applied Chemistry Department, Faculty of
Technology and Engineering, M.S. University of
Baroda, P.B. No. 51, Kalabhavan, Vadodara, 390001,
INDIA

Version of record first published: 24 Sep 2006

To cite this article: A. K. Prajapati (2001): Mesogenic Biphenyl Derivatives with
Azo and Ester Central Linkage, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 364:1, 769-777

To link to this article:  http://dx.doi.org/10.1080/10587250108025047

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,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108025047
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

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

 0
2:

40
 1

6 
A

ug
us

t 2
01

2 



Mol. Cryr  und Liq. Cryst.. 2001. Vol. 364. pp. 769-777 
Reprints available directly from the publisher 
Photocopying permitted by license only 

B 2001 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
a member of the Taylor & Francis Group. 

Printed in the USA 

Mesogenic Biphenyl Derivatives with Azo and 
Ester Central Linkage 

A. K. PRAJAPATI* 

Applied Chemistry Departmenr, Faculty of Technology and Engineering, 
M.S. University of Baroda, PB. No. 51, Kalabhavan, Vadodara-390 001. INDIA 

Biphenyl nucleus comprises one of the most interesting research areas in the study of rela- 
tions between chemical constitution and mesomorphic properties. Few biphenyl derivatives 
with azo and ester central linkage having following general formula have been synthesized 
and their mesomorphic properties were evaluated. 

x 

Where R=-H, -OCH3, R’=-CH3, -OCH3, -0C2H5. -0CdH9; X=-H, -Br. All the synthesized 
compounds were characterized by elemental analysis and spectroscopic methods. 

Keywords: Nematic; Biphenyl Derivatives 

INTRODUCTION 
A vast number of liquid crystals showing nematic or other mesophases are 
obtained using benzene, biphenyl or terphenyl units as core systems. Gray at. 
al.1’-3t reported fi?w mesogenic homologous series comprising of bipbenyl 
moiety. Goodby ‘‘I carried out sys&cmatic study of the variation in transition 
temperature with phase type for the 4-halogenophenyl 4’-n-octyIoxybiphenyI 
4carboxylates. This particular family or materials have smectic A phases that 

exist over very long temperature ranges. Smectic B phases are f d  to occur 
but they are all monotropic. Goodbye ‘‘I also carried out comparative study of 
some phenylbiphenyl carboxylates where a methyl substituent has been 

* Corresponding author: E-mail: akprajapatim yahoo.co.uk. 
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770 A. K. PRAJAPATI 

positioned in the phenyl ring and noted that the methyl substituted systems tend 
to e i b i t  more disordered phases but at lower temperatures, then their 
unsubstituted analogues. Systematic comparable study for the alkyl en- 
octyloxy biphenyl4-carboxylates where the alkyl chain either carries a methyl 
substiturn at the fust position or does nos "I indicated that the clearing points 
are substantially reduced, conversely the melting points are not reduced as 
much. &chi et. al.I6' synthesized series of compounds where the branching 
chain is increased in length until it matches the length of the terminal aliphatic 

chain. Goodby reported tow closely related biphenyl derivatives that only 
differ in the structure of the linking group : one is an ester whereas the other is 
thioester. Sadashiva and Subba Rao and Sadashiva r91 also reported esters 
containing a biphenyl moiety. Interew in the biphenyl unit is increasing 
considerably and recent work on non-chiral r10-141, chiral r lssl l ,  dimesogens r22- 

*'I, trimemgens p.nl and high W'I molecular mass liquid crystal materials 
incorporating biphenyl has shown very attractive properties for some of these 

structures. Recently we have reported two mesogenic homologous series 

with biphenyl nucleus countaining less studied central linkage like amide and 
a-methylazine. In continuation of our work on biphenyl nucleus, in the present 

study few compounds containing the biphenyl m o i w  have been synthesized 
and their mesomorphic properties are evaluated. 

EXPERIMENTAL 

Paracetamol. n-butylbromide, anhydrous potassium carbonate, sodium nitrite, 
p-toluidine, p-phenitidene, phenol, biphenyl, clhydroxybihenyl, acetyl 
chloride, anhydrous aluminium chloride, liquid bromine, dimethyl sulfate and 
d u m  acstate were used as received. Solvents were dried and distilled prior to 
use. Microanalysis of the compounds was performed on a Coleman carbon- 

hydrogen analyzer. IR spectra were recorded on a Shimadzu IR-408. NMR 
spectra were measured on a Perkin-Elmer R-32 spectrometer. Liquid 
crystalline properties were investigated on a Leitz Labolux 12 POL microscope 
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MESOGENIC BIPHENYL DERIVATIVES 77 I 

provided with a heating stage. DSC was performed on a Mettler TA-4000 

system by adopting a heating rate of 10 OC /min. 
Synthetic route for the preparation of all the present compounds is 

shown in the scheme 1. 4-n-Butoxy aniline was prepared by known method‘321 

as it gves  over all better yields. All the dyes having general stnrchval formula 

A were synthesized by the convenient method ”3’ of dimtitation of respective 

4-substituted aniline and coupling it with phenol. Diphenyl-ecarboxylic acid, 

4’-methoxydiphenyl-4-carboxylic acid ‘‘I and 3’-bromo-4’-methoxy-diphenyl- 
4-carboxylic acid 13’ were synthesized following the method described in the 

literature. Their acid chlorides (B, C and D) were prepared in the usual way 
from the appropriate acid and thionly chloride. 

The eleven compounds listed below were prepared following the 

general procedure. 
1. 4(4-phenyl) benzoate4’-rnethylazobenzene. 
2. 4(4-phenyl) benzoate4’-methoxyazobenzene. 
3. 4(4-phenyl) benzoate4-ehoxyazobenzene. 

4. 4(4-phenyl) beruoate4’-n-butyloxyambenzene. 
5.  4(4-methoxyphenyl) b e n z o a t d ’ - m e t h y l m W e .  

6. 4(4-methoxyphenyl) benzoate4’-rnethoxymbenzene. 
7. 4(4methoxphenyl) benzoatd’ethoxyazobenzene. 

8. 4(4methoxyphenyI) benzoate4’-n-butyloxyazobenzene. 

9. 4(3-broW-methoxyphenyl) benzoate4-methxyazobenzene. 
10. 4(3-bromo-4-methoxyphenyl) benzoate4’-ethoxymbenzene. 

1 1,4(3-bromo-4-methoxyphenyl) benzoate-4’-n-butyloxymbenzene. 

&nerd Drocedurc for the rvntbw b of commu nds 1 to 11 

Appropriate dye A (10 mmol) was dissolved in dry pyridine (15 ml) and added 
slowly into acid chloride B, C or D (10 mmol) in dry pyridine (15 ml) below 

IS OC. The mixture was then heated on water bath for an hour and was allowed 

to stand overnight at mom temperature. It was acidified with cold 1: 1 aqueous 

hydrochloric acid. The solid was separated, dried and triturated by stirring 30 
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772 A. K .  PRAJAPATI 

H X O  b O O H  H3C0 -COOH 

1 R=H, R%H3, X=H 7 RLOCH3 R'LOCzHs XI-H 
2 RaH, R'=-OCH3 X=-H 8 R-oCH3 R'=-OC& X-H 
3 R=H R'LOCzH, X d  9 RLOCH3 RLOCH3 XCBr 
4 R=-HR--OCSI,X=H 10 RLOCH3 RLOC2H3 X=Br 
5 RLOCH3 R%H3 X=H 11 R=-OCH3 X=-Br 
6 R=-OCH3 R=-OCH3 X-H 

Scheme 1 Reagents 8nd conditions: (i) CSJ9Br. Ahyd. KzCG, dry acetone, 
reflux (ii) HCI, 100 OC, NaOH (iii) HCI. NaNa, 0-5 C (iv) Phenol in NaOH, 
HCI. 0-5 OC (v) Anhyd. AICII, CHjCOCI, C% (vi) NaOH, Bra (vii) SOch 
(viii) (CHIhSO,, NaOH (ix) Sodiumacetate, acetic acid, Brl, 100 'C, reflux 
(x) Pyridine, HCI. 
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MESOGENIC BIPHENYL DERIVATIVES 113 

min. with 10% equeous sodium hydroxide and washed with water. The 
insoluble product was thus separated from the reactants. Finally all the 

products crystallized h m  dimethylformamide till constant transition 

temperatures were obtained. The elemental analysis (Table I) of all the 

compounds was found to be satisfactory. 

TABLE4 Elemental data 

Compound Found( %) Formula Reauited(o/r) 
No. C H N  C H N  

I .  7942 5.23 7.32 C&I2oN207 79.59 5.10 7.14 
2. 76.56 4.83 6.94 
3. 76.72 5.40 6.58 
4. 77.51 5.48 6.20 
5. 76.66 5.28 6.49 
6. 73.82 4.86 6.44 
7. 74.55 5.16 6.38 
8. 74.68 5.78 5.89 
9. 62.60 4.25 5.38 
10. 63.43 4.52 5.10 
11. 64.58 4.73 5.22 

C&Id20) 76.47 4.90 6.86 
CnHa203  76.78 5.21 6.64 
C&sN203 77.33 5.78 6.22 
CnHmN20, 76.78 5.21 6.64 
C,+ld,04 73.97 5.02 6.39 
C2&&O4 74.34 5.31 6.19 
C&mN204 75.00 5.83 5.83 
CnH21N2O&r 62.67 4.06 5.42 
C&mN,O&r 63.28 4.33 5.27 
C&nN20& 64.40 4.83 5.01 

IR and 'H NMR spectral data of few compounds are given below. 
(v- Cm") 

Compound 1: 3040,1720(-COO-),1600,1500,1455,840. 
Compound 5:  3030,1730 (-COO-),1600,1510,1455,1210 and 1040(-0-), 835. 

Compound 6: 3030.1725 (C00-),1600.1500,1450,1200 and 1045(4-), 835. 

Compound 11: 3035,1730(-C00-),1600,1500,1450,1220 and lOSq-O-), 840, 

600(-Br). 
1 

Compound 1 : 6 2.30(~, 3H, -CHI), 7.05(d, w), 7.20(d, w), 7.30-7.50(m, 
nr),7.60(d,w),7.74(d,2H),8.05(d,w). 

Compound 5 : S 2.3qq 3 8  CHs), 3.8qq 3% -ocHs), 6.85(4 2H). 7.l(d, 

w), 7.24 (d, w), 7.32-7.55(~ 4H), 7.65(d, w). 7.83(d, 

m, 8.Wd w). 
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774 A. K. PRAJAPATI 

Compound 6 6 3.85(~, 6H, 2 x -OCH]), 6.85-7.05(111, 4H). 7.20(d, 2H), 

7.35-7.55 (m 4H). 7.70(4 2H) 7.85(d, w), 8.25(d, 2H). 

6 0.9qt. 3H. -CHI). 1.40-1.95(m, 4H. 2 x <:H3-), 3.80(~, C O m p O ~  11 : 

3H, -3) 4.3(t, 2H, -OCHr), 6.85-7.00(111, 3H), 7.25(d, 

2H). 7.3l(dd, 1H). 7.40-7.55(m, 3H), 7.70(4 2H). 7.88(m, 

2H). 8.30(4 2H). 

RESULTS AND DISCUSSION 

The transition temperatures of the new synthesized compounds 1-11 are 
summarized in the table 11. 

TABLE II : Transition temperatures eC) for compounds 1-1 1. 

X 

Compound R R X Transition tempaatures eC)  

1 -H -C)4 -H 154 262 
No N 1 

2 
3 

4 

5 

6 

7 

8 
9 
10 

11 

-H 
-H 
-H 

-H 
-H 

-H 

-H 
-Br 
-Br 
-Br 

173 

171 

159 

157 

189 

184 

169 
223 
197 
176 

273 

287 

276 

298 

334 
347 

338 
308 
328 
316 

DSC data of few of these compounds are given in table III. All the synthesized 
compounds exhibit enantiotropic nematic mesophase with very high thermal 
stability. This may be due to the greater length of the molecules because of the 
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MESOGENIC BIPHENYL DERIVATIVES 

presence of ester and aimmethine central linlcages'along with fwr phenyl rings 
in the core. 

TABLE III : DSC data of few present biphenyl derivatives. 

Sr. Compound Transition Peak AH AS 
No. No Sta!e Temperahu es JIG J/g.% 

1 1 K-N 153.4 34.32 0.0805 
N-I 260.8 0.984 0.0018 

2 2 K-N 174.2 38.86 0.0869 
N-I 273.5 0.873 0.0016 

3 5 K-N 155.9 32.54 0.0757 
N-I 297.3 0.935 0.0016 

4 11 K-N 176.3 41.38 0.0921 
N-I 314.6 1.052 0,0018 

Compound 1 exhibits an N-I transition tempemture higher by 32 'C and 
compound 2 by 43 OC than the structurally related compound bearing no 
terminal substituent '341. This suggests that the presence of terminal group 
promote the nematic t h d  stability. The comparison of the two compounds 
1 and 2, i.e. methyl versus methoxy reveals that methoxy substitution favours 
the thermal stabilization fivon the thamal stabilization of nematic phase. This 
is possibly due to the oxygen atom adjacent to the phenyl ring undergoing an 

electronic interaction with it, which in turn stabilizes the mesophase. This is 
fisther confirmed by the comparison of the compounds 5 and 6, where the 

compound 6 with 4 C H p  terminal group has higher nematic thermal stability 

by 36 Oc than the compound 5 with -CHJ terminal group. 
It is observed that the lower n-alkoxy derivatives viz. methoxy, ethoxy 

end n-butyloxy members (compounds 2-4, 6-8 and 9-11) exhibit odd-even 
effect in their N-I transition temperature as explained by Gray p51; the nematic 

mesophase range being least for the compound having -OC& group at the 
terminal position and the same being maximum when the -0CH3 group is 

replaced by -0C2H5 group 
The average nematic thermal stabilities of the compounds 9, 10 and 11 

are lower than those of the compounds 6,7 and 8 respectively. Compared with 
the molecules of compounds 6-8, molecules of compounds 9-1 1 have increased 
breadth due to the lateral bromo group on the biphenyl nucleus at 3'-position. 
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776 A. K. PRAJAPATl 

Gny”’I hrs explained that the herease in the h-edth of the molecules reduces 
the mesophase thermal stabilities, which is the cw. 

The average nematic t h d  stability of the present biphenyl 

derivatives 6-8 is 339.66 OC w b  tbnt of their phenyl ~6~ d o g u e s  is 
298.33 OC. This is undastmdable, as the molearles of the biphenyl derivative 
is longer due to second aromatic ring, which, as a m h  of polarisability, 
increases the intennolearlar cohesive forces. Hence the average nematic 
thermal stability of the present biphenyl derivatives 6-8 is greater by 41.33 OC 

then their phenyl analogues. 

On the basis of above discussion the terminal group efficiency order, 
which haa been compiled for nematic phase is: 

Ph > > n-W& > -OC& >- Br >- C& > N 

It agrees well with the nematic group efficiency order obtained by 
for pure mosogmic systems and also m c d y  obtained by Dave and 

for pyridine system instead of biphenyl nucleus of the present 
Gray 
Menon 
system. 

CONCLUSION 
Eleven new mesogenic biphenyl derivatives have been synShesiZcd. 

Compounds having taminal group at both the ends of the molecules exhibited 
nematic mesophases with h i g k  thermal stability compared to thow of the 
compounds having terminal group at only one end of the molecule. 
Incorporation of lateral bromo substiitumt in the system dcpnsscd the 

mesophase thermal stability. The mssophasc t h d  stability of the present 
biphenyl derivatives is found to be higher than those of thair bcnmm 
analogues. 
AduOWkdpWb 
Authon thank Lhn,  ROE S. G. Shah and Head, prof. Uma Chudasunq 
Depprtmsnt of Applied Chemistry for providing rtscarch facilities. 
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