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ABSTRACT

 
 
     where, R = - CnH2n+1, n = 1 to 8,10,12,14,16 

Terminal butoxy ethyl functional groups present in a molecule have their own significance because of their 
polarity. It has been known that terminally ethyl substituted compounds shows more steady mesophases than do non-
substituted mesogenic compounds. Any ethylterminal  functionalgroup, which increases the molecular polarizability, 
without significantly increasing the molecular breadth, increases the thermal stability of the resulting phase transition. 
Newsynthesized  mesogenic homologous series of alkoxy cinnamaldehyde with aminobutoxy ester terminal tail: [2-
butoxyethyl -4-3-4 –alkoxy phenyl) acryloyl) oxy) benziledene) amino) benzoate]has been synthesized by condensing an 
appropriate 4-n-alkoxycinnamaldehydewith butoxyethyl 4-aminobenzoate. The synthesized compounds were 
characterized by combination of elemental analysis and standard different spectroscopic methods like IR, NMR and 
DSCThe Phase transition were showed using a optical polarizing microscope. Thin films derivatives were obtained by 
sandwiching them between a glass slide and cover slip. 

Twelve members ofthe series were synthesized. All the members Exhibit mesomorphism. Methoxy to 
tetradecyloxyderiivativeis  nematogenic. Butoxy to n- tetradecyloxy derivatives exhibit enantiotropicsmectic Aas well 
as nematicmesophases. Only hexadecyloxy derivatives exhibit Smectic A phase. The mesomorphic properties of the 
present series were compared with different structurally related mesogenic homologous series to evaluate the effect of 
aminobutoxy ethyl tail and alkoxycinnamoyloxy central linkage as well as Schiff’s base unit on phase transition. 
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Introduction: 
 Liquidcrystallinematerialshavemanycriticalpractical applications in technical areas, specific as 
in-plane switching, light-emitting diode, in plane switching mode liquid crystal display, as well as 
biomaterials due to their interesting optical and L.C. properties [1–4]. The molecular 
architecture of liquid crystalline [L.C.]compounds highly affects the phase behavior stability, 
where the change in molecular shape provides a significant proper change in their mesomorphic 
characteristics and phase behavior.   [5,6]. Most thermo- tropic liquid crystals have rod-like 
molecular shape holding a rigid core containing two ormore phenyl rings linked to groups that 
increase polarizability of the whole molecule and flexible terminal alkyl chains [-R]. Schiff’s base 
(-CH = N-), is used as a linking group in many liquid crystalline[L.C.]  materials since the 
discovery of 4-methoxybenzylidene-4ʹ-butylaniline (MBBA), which exhibits a room temperature 
nematic phase [7]. However, it provides a stepped core molecular structure yet maintains the 
molecular linearity by providing higher stability and allowing the formation of mesophase 
behavior. [8]. Lateral substitution plays a vital role in the mesogenic characteristics as it 
broadens the molecule. Introducing a lateral group in a rigid core could inhibit close packing of 
the liquid crystalline molecule and reduces the melting temperature [9–16]. 

Key words: 
Aminobutoxy
ethyl tail, 
cinnamoylox
y central 
linkage, 
enantiotropic
, phase 
transition. 
 
 

 
 
 
In the present study, to obtain further 
understanding of the effect of alkoxy chain [-OR] 
length and the butoxy ethyl(-C2H4OC4H9) terminal 
substitution on mesogenic properties, a new series 
of liquid crystalline[L.C.]  compounds having 
Schiff’s base with cinnamoyl and ester with central 
linkages have been prepared and compared with 
shape related liquid crystalline compound. 
  
Preparation of [2-butoxyethyl -4-3-4 –alkoxy 
phenyl) acryloyl) oxy) benziledene) amino) 
benzoate] [Final] 
 
[1] 4-n-Alkoxybenzaldehydes: 
 4-n-Alkoxybenzaldehydeswere 
synthesized by alkylation of 4-hydroxybenzaldehyde 
using the conventional method of Vyas and Shah 
[17].0.1 Mole 4-Hydroxybenzaldehyde, 0.15 moleof 
anhydrous K2CO3and0.15 mole of corresponding 1-
bromoalkane were added to 60 ml dry acetone. The 
mixture was refluxed on water bath for 6 to 8 hours. 
In the case of higher member, the refluxing period 
was extended up to 10 to 12 hours. Completion of 
the reaction was checked by TLC (70% Ethylacetate-
hexane). The whole mass was added to cold water 
this separated was extracted with ethers. Ether 
extract washed with 5% solution of NaOH(aq) (25ml x 
3), water (25mlx3), brine and was then dried over 
anhydrous Na2SO4. Reaction mass was purified by 
column chromatography using silica (60-120 mesh 
size) and 10% ethylacetate-hexane as eluent 
furnished the product. Yield: 58-65%. 
[2]trans-4-n-Alkoxycinnamic acids: 
 trans-4-n-Alkoxycinnamic acids  were 
prepared by the method of Gray and Jones [18].  
0.02 Mole of appropriate 4-n-alkoxybenzaldehyde, 
0.04 moleof malonic acid, pyridine and piperidine 
were mixed and heated at 100cCon a steam bath for 
three to four hours. In the case of higher members 
refluxing period was extended to six to eight hours. 
The mass was poured into cold aqueous 1:1 HCl, 

stirred it for sometime, filtered and washed with 
water. The insoluble mass separated was crystallized 
several times from acetic acid till constant transition 
temperatures were obtained. Yield: 85 to 90%.  
 
[3]trans-4-n-Alkoxycinnamoyloxybenzaldehydes 
[A]: 
  0.1 Mole of trans-4-n-
Alkoxycinnamic acids , 0.1 mole of      4- hydroxyl 
benzaldehyde0.1 mole of DCC [19] and 0.1 mole of 
DMAP were dissolved in dryTHF and stirred at room 
temperature for over night. The insoluble solid was 
removed through filtration.The crude product was 
repeatedly crystallized from the ethanol. All the 
compounds of the present series were synthesized 
with the same method. Yield in general is 60-65%. 
The elemental analysis of all the compounds was 
found to be satisfactory and all are listed in table 1. 
The IR (figure1 and 2) and 1H NMR (figure 4 and 5) 
spectral data of representative compounds were 
found to be consistent with the proposed structure. 
[4]Butoxy ethyl 4-aminobenzoate (B) was 
synthesized as per the method describedbelow [20]. 
Dry hydrochloric acid gas was passed in mole) butoxy 
ethanol till it wassaturated (approximately for 
about3 hours). To this saturated solution 12g 
(0.088mole) 4-aminobenzoic acid was added and the 
mixturewas refluxed for about 8 to 10hours. The hot 
solution wasthen poured intoexcess of ice-cold water 
and sodium carbonate wasadded tothe solutionuntil 
it was neutral tolitmus. The precipitatedester 
wasfiltered and dried. The product crystallized 
fromaqueous methanolM.P. 52 0C (75-80%)The 
synthetic route to compounds of series I is illustrated 
in the scheme 2.  
[5] [2-butoxyethyl -4-3-4 –alkoxy phenyl) acryloyl) 
oxy) benziledene) amino) benzoate] [Final] 
  The corresponding 0.1 Mole of 
trans-4-n-Alkoxycinnamoyloxy benzaldehydes[A] was 
dissolved in ethanol. The solution was added drop 
wise to the round bottom flask containing 0.1 mole 
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of Butoxy ethyl 4-aminobenzoate[B], which was 
previously dissolved in ethanol and few drops of 
acetic acid. After mixing them the content of the 
flask heated under reflux for four-five  hours .The 
crude product was repeatedly crystallized from the 

ethanol. All the compounds of the present series 
were synthesized with the same method. Yield in 
general is 80-85%. The transition temperatures agree 
well with the reported value [21]. 

 
 
 
 
     where, R = - CnH2n+1, n = 1 to 8,10,12,14,16 
 
 
 
Synthetic Route : 
 
 
STEP : 1 

 
STEP : 2  
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STEP : 3 

R=CnH2n+1 Cr SmA  N  I  

        

1 ●   197 ● 280 ● 

2 ●   199 ● 272 ● 

3 ●   203 ● 264 ● 

4 ● 171 ● 207 ● 256 ● 

5 ● 156 ● 211 ● 248 ● 

6 ● 140 ● 219 ● 239 ● 

7 ● 124 ● 191 ● 215 ● 

8 ● 106 ● 163 ● 196 ● 

10 ● 91 ● 134 ● 171 ● 

12 ● 86 ● 99 ● 147 ● 

14 ● 68 ● 87 ● 142 ● 

16 ● 62 ●   130 ● 
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     where, R = - CnH2n+1, n = 1 to 8,10,12,14,16 
 
Table 1:  Transition temperatures (ºC) of the series I compound 
 
 
 
 
.  

Cr=crystalline solid; SmA=smectic A phase; N=nematic phase; I=isotropic, liquid phase; •=phase exists 
 
 
 
 
 
 
Table-2 :Elemental analysis for series compounds 
 

 
 

Compound 
No. 

R= -CnH2n+1 

n= 
Formula 

% Required (% found) 

CHN 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
10 
12 
14 
16 

C30H31O6N 
C31H33O6N 
C32H35O6N 
C33H37O6N 
C34H39O6N 
C35H41O6N 
C36H43O6N 
C37H45O6N 
C39H49O6N 
C41H53O6N 
C43H57O6N 
C45H61O6N 

71.85 (71.81)  6.13(6.18) 2.79 (2.75) 
72.23 (72.21)  6.64 (6.67) 2.71 (2.78) 
72.58 (72.62)  6.61 (6.66) 2.64 (2.61) 
72.92 (72.98)  6.81 (6.79) 2.57 (2.61) 
73.24 (73.25)  7.01 (6.99) 2.51 (2.53) 
73.55 (73.56)  7.81 (7.88) 2.45 (2.44) 
73.84 (73.85)  7.35 (7.32) 2.29 (2.31) 
74.12 (74.15)  7.51 (7.48) 2.33 (2.32) 
74.46 (74.51)  7.81 (7.83) 2.23 (2.25) 
75.11 (75.13)  8.09 (8.07) 2.13 (2.15) 
75.54 (75.58)  8.32 (8.34) 2.04 (2.07) 
75.94 (75.87)   8.57 (8.54) 1.96 (1.91) 

 
 
 
 

 
 

 
 

Figure 1: IR data of series I (n=1) 
 
 
 
IR spectrum (KBr) νmax/cm-1:2926, 2849, 1703 (-COO-), 1641, 1624 (-CH=CH-), 1602, 
1585(-CH=N-) 1515, 1433, 1282, 1138, 827. 
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Figure 2: NMR data of series I (n=6) 

 
 
 
IR spectrum (KBr) νmax/cm-1:2913, 2850, 1723 (-COO-),  1702, 1642, 1603 (-CH=CH-), 1602, 1584 (-CH=N-), 1435, 
1280, 1136,  
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Figure 3: NMR data of series I (n=12) 

 
 
 
IR spectrum (KBr) νmax/cm-1:2911, 2848, 1725 (-COO-),  1702, 1641, 1604 (-CH=CH-), 1602, 1582 (-CH=N-), 1436, 
1281, 1133 
 
 
 
 
 
 
 

 
 

Figure4.(on line) Schlierennematicphaseat225°Cof compound n=6 on heating. 
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Figure5.(on line) Smectic A phaseat112°Cof compound n=6 on heating. 
 
 
Calorimetric studies 

Filename: D:\Bhargav\KBIPE...\C1Ci + CHO Amino BE.d6d Operator ID: 
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Figure6.DSC thermograph of n=1 

 

Filename: D:\Bhargav\KBIPER\C12Ci+CHO AminoBE.d6d 
Operator ID: 

Sample ID: C1Ci + CHO Amino BE Sample Weight: 1.500 mg Comment:  
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Sample ID: C12Ci+CHO 
AminoBE Sample Weight: 1.500 mg 
Comment:  

 
 
 

Figure7.DSC thermograph of n=12 
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Figure 8: NMR data of series I (n=1) 

 
 
 
[2-butoxyethyl -4-3-4 –methoxy phenyl) acryloyl) oxy) benziledene) amino) benzoate] 
 
1H NMR spectrum(400 MHz):δ3.84 (t, 3H, -CH3), 0.90 (t, 3H, -CH3),1.44-1.51(m,4H, 2 x-CH2-), 3.37-3.83(m,4H,-
CH2-O-CH2) 4.37 (t, 2H of  -COOCH2), 6.31(d,1H, Ar–CH=),6.94(d, J=8.7Hz 2H,ArH),7.33-7.36(m,4H,ArH),7.48(d, 
1H,=CH–COO), 7.60-7.62(m,4H,ArH),8.05(d,J=8.5Hz,2H,ArH), 8.64(s,1H,CH=N) 
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Figure 9: NMR data of series I (n=6) 
 
 
 
[2-butoxyethyl -4-3-4 –hexyloxy phenyl) acryloyl) oxy) benziledene) amino) benzoate] 
 
1H NMR spectrum(400 MHz):δ0.88 (t, 3H, -CH3),1.29-1.76 (m, 6H, 9 x -CH2-), 1.74-1.76 (quant., 2H, Ar-O-C-CH2-), 
4.06 (t, 2H of Ar-O- CH2-), 0.90 (t, 3H, -CH3),1.45-1.51(m,4H, 2 x-CH2-), 3.37-3.83(m,4H,-CH2-O-CH2) 4.37 (t, 2H of  
-COOCH2), 6.31(d,1H, Ar–CH=),6.94(d, J=8.7Hz 2H,ArH),7.33-7.36(m,4H,ArH),7.48(d, 1H,=CH–COO), 7.60-
7.62(m,4H,ArH),8.05(d,J=8.5Hz,2H,ArH), 8.64(s,1H,CH=N) 
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Figure 10: NMR data of series I (n=12) 

 
 
[2-butoxyethyl -4-3-4 –dodecyloxy phenyl) acryloyl) oxy) benziledene) amino) benzoate] 
 
1H NMR spectrum(400 MHz):δ0.89 (t, 3H, -CH3),1.28-1.75 (m, 18H, 9 x -CH2-), 1.74-1.76 (quant., 2H, Ar-O-C-CH2-), 
4.05 (t, 2H of Ar-O- CH2-),0.89 (t, 3H, -CH3),1.44-1.50(m,4H, 2 x-CH2-), 3.36-3.81(m,4H,-CH2-O-CH2) 4.36 (t, 2H of  
-COOCH2), 6.30(d,1H, Ar–CH=),6.93(d, J=8.7Hz 2H,ArH),7.32-7.35(m,4H,ArH),7.46(d, 1H,=CH–COO), 7.59-
7.62(m,4H,ArH),8.04(d,J=8.5Hz,2H,ArH), 8.63(s,1H,CH=N) 
 

 
 
 

 
Figure 11: T.T. Graph  of series I 
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RESULTSAND DISCUSSION 
Series-I:  
[2-butoxyethyl -4-3-4 –alkoxy phenyl) acryloyl) 
oxy) benziledene) amino) benzoate] 
 

Twelve members ofthe Series-I were 
synthesized. All the members Exhibit 
mesomorphism. Methoxy to 
tetradecyloxyderiivativeis nematogenic. Butoxy to n- 
tetradecyloxy derivatives exhibit 
enantiotropicsmectic Aas well as 
nematicmesophases. Only hexadecyloxy derivatives 
exhibit Smectic A phase. It is clear fromtheplot 
oftransition temperatures against thenumber of 
carbon  atom chainin the alkoxychain (Figure-l) that 
thenematic-isotropictransitiontemperatures exhibit 
the usual alterations associated withnewseries of 
phasetransitionthecontainingalkylchain madeup 
ofodd and evennumberofcarbon atoms. Hence, 
thetransition points lie on twofalling curves. 
 
POM studies  

ThePolarizing optical microscopic study 
concluded that the mesophase exhibited by 
compounds of theseries as a primary investigation 
found consistent with the previous results. 
Microphotograph texture of Schlieren   nematic 
mesophase (Series I; n=6) at 170 ºC on cooling 
(Figure 4.)  
Table-4summarizesthermalstability, mesophase 
temperature range and comparative geometry of the 
present Series-Xand thestructurallyrelated Series 
I[22],A [23], B [24] and C [23]. 
 
Table 4 also indicates that the smectic A mesophase 
thermal stability of series X12is higher by 4°C than 
that of series I12, whereas the smectic A mesophase 
temperature range is higher by 10°C than that of 
series I12. As discussed earlier, the lower smectic A 
mesophase thermal stability is probably attributed to 
the increase in the length of the molecule of series 
X12has broken alkoxy chain  
(-C2H4OC4H9) at the terminusbecause of the extra 
two methylene groups which adversely affects the 

smectic A mesophase thermal stability as compared 
to series I12. 
 

Table 4 also indicates that the smectic A 
mesophase thermal stability of series X12is lower by 
6.5°C than that of series A, whereas the smectic A 
mesophase temperature range is lower by 11°C than 
that of series A. In addition, one should remember 
that the temperature range of the mesophase is 
determined partly by the Cr-SmA transition 
temperatures, and due to the very low Cr–SmA 
transition temperatures of series X12 as compared to 
series A, the smectic A mesophase temperature 
range is   also lower for series X12.Table 4 also 
indicates that the smectic   mesophase range of 
series B is higher by 56° C. It can also be noticed 
that the smectic transition temperatures of series   B 
are higher by 64° C, respectively, than those of   
Series-X. The molecules of series B and Series-X 
differ only at the terminus. series B has a chloro 
terminal group, whereas Series-X has an butoxy ethyl 
terminal group. The presence of polar terminal 
chloro group increases the overall polarizability of 
series B compared to Series X. which is responsible 
for the higher transition temperature and greater 
mesophase thermal range of seriesB. 

Table 4shows that the smectic mesophase 
range of series C is lower by 24° C. It can also be 
noticed that the smectic transition temperatures of 
series C are lower by 77° C, respectively, than those 
of Series-X to the molecular structure of both these 
compounds shows that the both the compounds 
differ in the number of benzene ring and central 
linkage. Series X have longer and more polarizable in 
comparison with series C due to the presence of 
additional azomethine central linkage and benzene 
moiety, which is responsible for the greater 
mesophase length and higher thermal stabilities of 
series X.Gray [25] has explained that the increase in 
the length of the molecules, as a result of its 
polarizability, increases theintramolecularcohesive 
forces which would beresponsible forinduction of 
nematicmesophaseandthehighersmecticthermal 
stabilities ofthe present series-X. 
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Table:4 Comparative study of the phase transition temperatures, smetic A mesophase range and comparative 
molecular structures of compoundsX, andI, A to C 

 
 
 

 
 
 
Series-X 

 
 
 
 
 
 
CONCLUSION 
 Broken alkoxyterminal butoxy ethyl(-
C2H4OC4H9) chain withthree phenyl rings having ester 
andazomethine [-CH=N-] central linkages exhibit 
nematic and smectic Amesophases. Thestudy 
indicated that broken alkoxy terminal chain affected 
more adversely onmesophase thermal stabilities as 
compared to branched chain terminus. 
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