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ABSTRACT 

Naphthalene containing ferrocene derivatives (4a-4e) were prepared and have been evaluated for their material chemistry property. 
These compounds were found to be non-mesomorphic. Electron delocalization and rigidity of molecule plays an important role in 
alteration of mesomorphic behavior. POM and DSC study revealed that apart from orientation of central ester linkage, 
structural and geometrical features, electrostatic interaction and rotational motion can be effectively used to alter the 
material chemistry properties especially mesomorphic properties. 
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INTRODUCTION 

rganometallic compounds are attracting greater 
attention since last three decades because of 
their uses in biology1, chemical2-3 and 

pharmaceutical industries4, catalytic processes5 along 
with their large dominance in the field of materials 
chemistry.6-7 The organometallic compounds have an 
ability to access the properties of both organic 
compounds as well as properties of the metals including 
optical, color, magnetic, electrical and polarizability.8 

Ferrocene represents the well-established family of the 
organometallic compounds, which exhibits remarkable 
thermal stability and aromaticity along with their high 
solubility in common organic solvents makes their 
characterization easy. Ferrocene derivatives play vital role 
in many fields of chemistry including materials chemistry9-

12, electro analytical chemistry13-14, hydrometallurgy15, 
biology12, medicine16-18 and catalysis.12 Because of the 
redox potential ability of the ferrocene they are used in 
several applications.19 Ferrocene derivatives are well 
known to exhibit the wide range liquid crystalline 
properties20-21 and these ferrocenomesogens have many 
more applications including in information storage 
devices and also in ferroelectric devices22-23 along with 
formation of ferrocene based sensors.24-25 

Naphthalene derivatives also play an important role in 
materials science26-27 and pharmaceutical industries.28-31 
Many naphthalene derivatives are known to exhibit liquid 
crystalline behavior.32-33 Ferrocene derivatives containing 
naphthalene unit are known to show many applications 
as in electro analytical techniques34-35, and can be used in 
electro chemical detection of aberrant methylated gene 
as well as in electro chemical detection of mRNA 
expression.34 These ferrocene derivatives with 
naphthalene unit also have an application in materials 
chemistry as potential liquid crystalline materials.36 

 

MATERIALS AND METHODS 

All reactions were carried out in oven-dried glassware 
under argon atmosphere unless otherwise stated. 1H 
NMR (300 MHz) and 13C NMR (75 MHz) spectra were 
recorded on Bruker AVANCE spectrometer (Bruker 
BioSpin AG, Fällanden, Switzerland; 300 MHz) using CDCl3 
(δ 7.26 for 1H) and (δ 77.5/77.4 for 13C) as solvent and 
TMS as an internal standard. Chemical shifts (δ) are given 
in ppm relative to TMS, coupling constants (J) in Hz. The 
peak multiplicities are given as follows s = singlet; d = 
doublet; dd = doublet of doublet; t = triplet; m = 
multiplet. Silica gel of commercial source (60–120 mesh) 
was used in column chromatography. UV spectra were 
scanned on Shimadzu 240 PC and Shimadzu 2450, Japan, 
Spectrophotometer. HRMS spectra were recorded on 
positive ion electrospray ionisation (ESI) mode. FT-
Infrared spectra were recorded on a Perkin Elmer (Model-
Frontier) spectrometer (Waltham, MA, USA). 
Mesomorphic nature was investigated by DSC analysis 
(Mettler- Toledo AG Analytical, Schwerzenbach, 
Switzerland) under a nitrogen atmosphere, with samples 
measured in closed-lid aluminium pans and POM using 
Mettler Toledo FP90 heating stage containing 
temperature control unit in conjunction with a Carl Zeiss 
polarizing optical microscope (Carl Zeiss MicroImaging 
GmbH, Koenigsallee, Goettingen, Germany). Unless 
otherwise stated, materials obtained from commercial 
suppliers were used without further purification. 
Dichloromethane (DCM) was dried using calcium hydride. 
All reactions involving N, N’-dicyclohexylcarbodiimide 
(DCC) and 4-dimethylaminopyridine (DMAP) were 
performed under dry atmosphere. 

Synthesis of compounds 2 and 3a–3e 

Compounds 2 and 3a–3e have been synthesized as per 
literature procedure37,32 respectively. 

 

Synthesis, Characterization and Properties of New Ferrocene Containing Compounds 
Bearing Naphthalene Unit

O

Research Article 



Int. J. Pharm. Sci. Rev. Res., 24(1), Jan – Feb 2014; nᵒ 25, 134-138                                                                       ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

135 

General procedure for the synthesis of compounds 4a–
4e. 

4-Ferrocenylbenzoic acid (2) (3.26 mmol) and n-alkyl- 6-
hydroxy-2-naphthoate (3a-3e) (3.26 mmol) and a catalytic 
amount of DMAP, was taken in 100 ml anhydrous CH2Cl2, 
and to this solution (3.92 mmol) DCC dissolved in 10 ml 
anhydrous CH2Cl2 was added. The reaction mixture was 
stirred at room temperature for 24 hrs. After the 
completion of reaction, dicyclohexylurea was filtered off 
and the solution was concentrated in vacuo at 300C. The 
dark orange residue thus obtained was purified by 
column chromatography using silica gel adsorbent. 
Elution with mixture of petroleum ether and chloroform 
(60:40) followed by distillation for recovery of solvent 
gave an orange solid of n-alkyl- 6-((4-ferrocenylbenzoyl) 
oxy)-2-naphthoate (4a-4e). 

Spectral data for products 

Octyl 6-((4-ferrocenylbenzoyl) oxy)-2-naphthoate (4a) 

Yield 1.81 g (85%) as orange solid; m.p.:1190C–1210C; UV 
(CHCl3): λmax (logε) 467.3 (3.38), 373.4 (3.75), 296.7 (4.59), 
251.2 (4.59); 1H-NMR (CDCl3): 8.652 (s, 1H, Ar-H), 8.183 
(d, J = 8.1 Hz, 1H, Ar-H), 8.137 (d, J = 8.7 Hz, 1H, Ar-H), 
8.058 (d, J = 9.0 Hz, 2H, Ar-H), 7.903 (d, J = 8.7 Hz, 1H, Ar-
H), 7.771 (s, 1H, Ar-H), 7.628 (d, J = 8.4 Hz, 2H, Ar-H), 
7.480-7.444 (m, 1H, Ar-H), 4.772 (s, 2H, C5H4 of 
ferrocene), 4.443 (s, 7H, C5H5 of ferrocene and -OCH2), 
4.079 (s, 2H, C5H4 of ferrocene), 1.866-1.322 (m, 12H, -
CH2 of aliphatic chain), 0.915 (t, J = 6.6 Hz, 3H, -CH3); 13C-
NMR (CDCl3): 166.6, 165.1, 150.5, 146.4, 136.1, 130.9, 
130.7, 130.5, 130.4, 127.8, 127.7, 126.2, 126.0, 125.8, 
122.2, 118.7, 82.9, 70.0, 69.9, 67.0, 65.3, 31.8, 29.2, 29.2, 
28.7, 26.1, 22.6, 14.1; IR (neat, cm−1):: 3084.55, 2919.95, 
1732.19, 1709.04, 1630.93, 1474.24, 1262.10, 1189.90, 
864.17, 476.38; HRMS: m/z cal. mass for C36H37O4Fe 
[M+H]+ = 589.1963, obs. mass [M+H]+ = 589.1920. 

Decyl 6-((4-ferrocenylbenzoyl) oxy)-2-naphthoate (4b) 

Yield 1.85 g (83%) as orange solid; m.p.: 950C–970C; UV 
(CHCl3): λmax (logε) 462.3(2.97), 371.8 (3.43), 297.9 (4.42), 
247.6 (4.53); 1H-NMR (CDCl3): 8.652 (s, 1H, Ar-H), 8.182 
(d, J = 8.4 Hz, 1H, Ar-H), 8.135 (d, J = 8.4 Hz, 1H, Ar-H), 
8.056 (d, J = 9.0 Hz, 2H, Ar-H), 7.901(d, J = 8.7 Hz, 1H, Ar-
H), 7.772 (d, J = 1.8 Hz, 1H, Ar-H), 7.627 (d, J = 8.4 Hz, 2H, 
Ar-H), 7.480-7.443 (m, 1H, Ar-H), 4.776 (s, 2H, C5H4 of 
ferrocene), 4.447- 4.382 (m, 7H, C5H5 of ferrocene and –
OCH2), 4.083 (s, 2H, C5H4 of ferrocene), 1.865-1.301 (m, 
16H, -CH2 of aliphatic chain), 0.924 (t, J = 6.6 Hz, 3H, -
CH3); 13C-NMR (CDCl3): 166.6, 165.1, 150.5, 146.4, 136.1, 
130.9, 130.7, 130.5, 130.4, 127.8, 127.7, 126.2, 126.0, 
125.8, 122.2, 118.7, 82.9, 70.0, 69.9, 67.0, 65.3, 31.9, 
29.5, 29.3, 28.7, 26.0, 22.6, 14.1; IR (neat, cm−1): 3088.84, 
2923.64, 1724.51, 1707.25, 1629.88, 1470.19, 1229.85, 
1189.89, 886.33, 477.08; HRMS: m/z cal. mass for 
C38H41O4Fe [M+H]+ = 617.2276, obs. mass [M+H]+ = 
617.2265. 

 

Dodecyl 6-((4-ferrocenylbenzoyl) oxy)-2-naphthoate (4c) 

Yield 1.86 g (80%) as orange solid; m.p.:1190C–1210C; UV 
(CHCl3): λmax (logε), 470.2(3.23), 374.4(3.62), 297.9 (4.53), 
246.4 (4.55); 1H-NMR (CDCl3): 8.650 (s, 1H, Ar-H), 8.183 
(d, J = 8.4 Hz, 1H, Ar-H), 8.138 (dd, J = 1.5 Hz & J = 1.5 Hz, 
1H, Ar-H), 8.056 (d, J = 9.0 Hz, 2H, Ar-H), 7.902 (d, J = 8.7 
Hz, 1H, Ar-H), 7.773 (d, J = 1.8 Hz, 1H, Ar-H), 7.627 (d, J = 
8.7 Hz, 2H, Ar-H), 7.481-7.444 (m, 1H, Ar-H), 4.776 (t, J = 
1.8 Hz, 2H, C5H4 of ferrocene), 4.447 (t, J = 1.8 Hz, 2H, 
C5H4 of ferrocene), 4.428-4.078 (m, 7H, C5H5 of ferrocene 
and –OCH2), 1.867-1.280 (m, 20H, -CH2 of aliphatic chain), 
0.939 (t, J = 6.6 Hz, 3H, -CH3); 13C-NMR (CDCl3): 166.6, 
165.0, 150.6, 146.4, 136.1, 130.9, 130.7, 130.5, 130.4, 
127.9, 127.7, 126.2, 126.0, 125.8, 122.3, 118.7, 82.9, 70.0, 
69.9, 67.0, 65.3, 31.8, 29.3, 29.2, 28.8, 26.1, 22.7, 14.1; IR 
(neat, cm−1): 3084.55, 2919.43, 1731.87, 1708.89, 
1630.64, 1474.12, 1261.88, 1189.48, 852.91, 476.23; 
HRMS: m/z cal. mass for C40H45O4Fe [M+H] + = 645.2589, 
obs. mass [M+H]+ = 645.2598. 

Tetradecyl 6-((4-ferrocenylbenzoyl) oxy)-2-naphthoate 
(4d) 

Yield 1.90 g (78%) as orange solid; m.p.:1010C–1030C; UV 
(CHCl3): λmax (logε) 467.8(3.28), 373.2(3.66), 297.9 (4.54), 
248.8 (4.55); 1H-NMR (CDCl3): 8.649 (s, 1H, Ar-H), 8.182 
(d, J = 8.4 Hz, 1H, Ar-H), 8.133 (dd, J = 1.5 Hz & J = 1.8 Hz 
1H, Ar-H), 8.058 (d, J = 9.0 Hz, 2H, Ar-H), 7.902 (d, J = 8.7 
Hz, 1H, Ar-H), 7.770 (d, J = 2.1 Hz, 1H, Ar-H), 7.630 (d, J = 
8.4 Hz, 2H, Ar-H), 7.478-7.441 (m, 1H, Ar-H), 4.781 (t, J = 
1.8 Hz, 2H, C5H4 of ferrocene), 4.451 (t, J = 1.8 Hz, 2H, 
C5H4 of ferrocene), 4.423-4.080 (m, 7H, C5H5 of ferrocene 
and –OCH2), 1.864-1.277 (m, 24H, -CH2 of aliphatic chain), 
0.916 (t, J = 6.3 Hz, 3H, -CH3); 13C-NMR (CDCl3): 166.6, 
165.1, 150.5, 146.4, 136.1, 130.9, 130.7, 130.5, 130.4, 
127.8, 127.7, 126.2, 126.0, 125.8, 122.2, 118.7, 82.9,70.0, 
69.9, 67.0, 65.3, 31.9, 29.6, 29.6, 29.6, 29.5, 29.3, 29.3, 
28.7, 26.0, 22.7, 14.1; IR (neat, cm−1): 3088.48, 2922.24, 
1724.69, 1707.32, 1629.45, 1470.40, 1259.87, 1189.65, 
886.41, 476.89; HRMS: m/z cal. mass for C42H49O4Fe 
[M+H]+ = 673.2903, obs. mass [M+H]+ = 673.2897. 

Hexadecyl 6-((4-ferrocenylbenzoyl) oxy)-2-naphthoate 
(4e) 

Yield 1.94 g (77%) as orange solid; m.p.:1000C–1020C; UV: 
λmax (logε) (CHCl3), 496.0 (3.28), 372.0 (3.67), 295.5 (4.58), 
251.4 (4.59); 1H-NMR (CDCl3): 8.649 (s, 1H, Ar-H), 8.182 
(d, J = 8.4 Hz, 1H, Ar-H), 8.134 (dd, J = 1.5 Hz & J = 1.5 Hz, 
1H, Ar-H), 8.058 (d, J = 9.0 Hz, 2H, Ar-H), 7.901 (d, J = 8.7 
Hz, 1H, Ar-H), 7.772 (d, J = 1.8 Hz, 1H, Ar-H), 7.630 (d, J = 
8.1 Hz, 2H, Ar-H), 7.479-7.442 (m, 1H, Ar-H), 4.780 (t, J = 
1.5 Hz, 2H, C5H4 of ferrocene), 4.451 (t, J = 1.5 Hz, 2H, 
C5H4 of ferrocene), 4.426-4.081 (m, 7H, C5H5 of ferrocene 
and –OCH2), 1.865-1.277 (m, 28H, -CH2 of aliphatic chain), 
0.917 (t, J = 6.3 Hz, 3H, -CH3); 13C-NMR (CDCl3): 166.6, 
165.0, 150.5, 146.4, 136.1, 130.8, 130.7, 130.5, 130.4, 
127.8, 126.2, 126.0, 125.8, 122.2, 118.7, 82.9, 70.0, 69.9, 
67.0, 65.3, 31.9, 29.6, 29.6, 29.5, 29.3, 29.3, 28.7, 26.0, 
22.6, 14.1; IR (neat, cm−1): 3088.48, 2923.69, 1731.58, 
1708.39, 1629.69, 1470.97, 1260.60, 1190.94, 886.56, 
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477.97; HRMS: m/z cal. mass for C42H53O4Fe [M+H]+ = 
701.3203, obs. mass [M+H]+ = 701.3208. 

RESULTS AND DISCUSSION 

Recently, we have reported the synthesis of ferrocene 
derivatives containing naphthalene unit (1a-1g) (Figure 1) 
which show good mesomorphic behavior.36  

 

Figure 1: Ferrocene derivatives (1a-1g) which exhibit 
mesomorphism. 

In view of the above observations from literature and our 
interest in the synthesis of new ferrocene compounds 
containing naphthalene unit, as potential candidates for 
materials chemistry especially for liquid crystals, we now 
report the synthesis of compounds (4a-4e) as delineated 
in Scheme. 

Scheme. Synthesis of 4a-4e. 

 

All these newly synthesized ferrocene derivatives 
containing naphthalene unit (4a-4e) were scrutinized for 
their thermal and mesomorphic behavior by using 
Differential Scanning Calorimetry (DSC) and Polarizing 
Optical Microscopy (POM) study. Both DSC (Fig.2&3) and 
POM study revealed that none of the above synthesized 
compounds (4a-4e) exhibited mesomorphic behavior 
even after multiple heating and cooling cycles. All the 
newly synthesized derivatives (4a-4e) show only isotropic 
melting transitions or crystal to crystal transition as 
observed in (Fig.2 & 3) for compounds 4b and 4e 
respectively. The results obtained were very surprising as 
all the derivatives (4a-4e) synthesized have a structural 
similarity with our previously synthesized compounds (1a-
1g). Only change was the orientation of central ester 
linkage is reversed and terminal alkoxy unit has been 
replaced by terminal ester unit. 

 

Figure 2: DSC thermogram of compound 4b. 

 
Figure 3: DSC thermogram of compound 4e 

The observed non-mesomorphic behavior of the 
synthesized compounds could be due to orientation of 
the central ester linkage38-41, electron delocalization 
(electrostatic interaction) and rotational motion (rigidity 
of the organic rod)42. 

For compounds 1a-1g electron delocalization can occur 
from O-atom of the alkoxy chain to the ester function 
that results in mesomorphism to take place in the 
external part of organic portion. However in 4a-4e 
delocalization occurs in the inner part of the organic 
fragment and in reverse direction as compared with 1a-
1g. The details of the nature of electron delocalization for 
compounds (1a-1g) and (4a-4e) are shown in Fig.4. 
Further, rotation around C-C bond in 4a-4e is more 
limited than in 1a-1e, because for rotation of C-C bond in 
the former requires the motion of larger molecular 
portion (Figure 5). 

 
Figure 4: Electron delocalization for compounds (1a-1g) 
and (4a-4e). 
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Figure 5: Rotation of C-C bond for compounds (1a-1g) and 
(4a-4e) 

CONCLUSION 

In conclusion, novel ferrocene derivatives containing 
naphthalene unit have been synthesized, using 
inexpensive chemicals in a good yield. POM and DSC 
study revealed that apart from orientation of central 
ester linkage, structural and geometrical features, 
electrostatic interaction and rotational motion can be 
effectively used to alter the material chemistry properties 
especially mesomorphic properties.  
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