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Ferrocene-Based Rod-Like Mesogens Terminated
with Oxadiazole Unit

K. C. MAJUMDAR AND P. K. SHYAM

Department of Chemistry, University of Kalyani, Kalyani,
West Bengal, India

A series of ferrocene-based rod-like mesogens has been synthesized in which the
oxadiazole unit is in a terminal position. The length of the terminal S-alkyl chain,
alkyl spacer length, and substitution on lateral position have been varied. All the
synthesized compounds are thermally stable and exhibit mesomorphism. Most of
them display two enantiotropic mesophases nematic-smectic C. Only one compound
exhibits enantiotropic smectic C phase.

Keywords Ferrocene; N; oxadiazole; Schiff’s base; SmC

Introduction

For the last few years, there has been considerable interest in liquid crystals contain-
ing organometallic components that combine properties of the metals with those of
the mesogenic moieties because this could lead to processable materials with interest-
ing anisotropic optical, electronic, and magnetic properties [1,2]. Because ferrocene
possesses unique redox characteristics, it is used as a valuable unit for switchable sys-
tem and nowadays electron transfer is used to generate mesomorphism in the
ferrocene-ferrocenium redox system [3]. The first liquid crystals containing a tran-
sition metal were prepared ferrocene monoesters reported by Malthéte and Billard
[4]. Nevertheless, most of the ferrocene-based liquid-crystalline materials are based
on 1,1’-disubstituted ferrocene [5]. Limited studies in the direction of monosub-
stituted ferrocene derivatives are attributed to the fact that monosubstituted
ferrocenes, because of their unfavorable molecular shape (L-shape) and due to
repulsive steric effects of the ferrocene units, which hinders the ability of the mole-
cules to pack in layers, thus favoring the formation of a nematic phase. However,
introduction of ferrocene units as components of chiral liquid-crystalline materials
results in high thermal stability and other additional properties, among which its
ability to undergo reversible one-electron transfer processes is important. There
are few examples of chiral liquid-crystalline materials containing ferrocene units at
the terminal position that exhibit a wide range of phases (SmA, SmC*, N*, TGB,

etc.) [6].
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On the other hand, the 1,3,4-oxadiazoles are interesting systems for the design
and synthesis of liquid-crystalline compounds with a classical rod-like structure.
The 1,3,4-oxadiazole derivatives are well known for their high thermal and hydro-
Iytic stability, resistance to oxidative degradation, and electron-accepting properties
[7]. Some groups used an oxadiazole ring either in the central position or in a ter-
minal position of the mesogenic rigid core and some used these units as a central core
of banana-shaped light-emitting liquid-crystalline materials [8].

In continuation of our efforts to synthesize ferrocene-based liquid-crystalline
materials [9] we undertook a study to synthesize ferrocene-based rod-like mesogen
terminated with an oxadiazole unit. Here we report our results.
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Scheme 1. Reagents and conditions: (i) 6-bromohexanoyl chloride/11-bromodecanoyl
chloride, AICl;, CHCl;, rt, 2h; (ii) Zn-Hg, conc. HCI, benzene-water, reflux, 20-24 h; (iii)
p-hydroxyethylbenzoate, acetone, K,COs, reflux, 12 h; (iv) C;HsOH, KOH, reflux, 2h; (v) p-
hydroxybenzaldehyde/2,4-dihydroxybenzaldehyde, DCC, DMAP, CHCl;, rt, 1-2h; (vi)
ethanol, H,SOy, (2 mL), reflux, 2 days; (vii) NH,NH, - H,O, ethanol, reflux, 2 h; (viii) ethanol,
KOH, CS,, rt; (ix) R Br, Et;N, ethanol, reflux, 4h; (x) SnCl, - H,0, ethylacetate, reflux, 6 h;
(xi) dry ethanol, acetic acid (cat), reflux, 24 h.
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Ferrocene was first converted to either 6-bromohexanoyl ferrocene (2a) or
11-bromodecanoyl ferrocene (2b) by treatment with respective acid chlorides in
dry chloroform in the presence of anhydrous aluminum chloride. The compound
2a or 2b on treatment with zinc amalgam in the presence of concentrated hydro-
chloric acid in benzene-water under refluxing conditions afforded compound 3a
or 3b. Compound 3a or 3b upon reaction with p-hydroxyethylbenzoate and anhy-
drous potassium carbonate in refluxing acetone and subsequent hydrolysis of the
resulting ester with ethanolic potassium hydroxide afforded the acid derivative 5a
or 5b. The acid derivatives on esterification with different hydroxybenzaldehydes
gave the corresponding ester aldehyde derivatives 6a-d.

On the other hand, p-nitrobenzoic acid 7 was converted to its ethylbenzoate
derivative 8 with acidic ethanol under refluxing condition. The ester derivative 8
on treatment with hydrazine hydrate afforded the compound 9, which cyclized read-
ily to give 10. S-alkylation of 10 with alkyl bromide and subsequent hydrogenation
of its S-alkylated derivative gave the amine 12. The aldehydes 6 and amines 12 on
condensation afforded a series of Schiff’s bases 13a-f (Scheme 1).

Results and Discussion

The thermal behaviors and liquid-crystalline properties of the compounds 13a-h
were investigated by differential scanning calorimetry (DSC) and polarized optical
microscopy (POM). The transition temperatures and associated enthalpies calcu-
lated from DSC experiments are summarized in Table 1.

From the DSC experiments it is quite clear that all the compounds exhibit two
mesophase transitions both in heating as well as in cooling cycles except compound
13b, which exhibit an extra transition in the heating cycle probably due to solid—solid
transition and 13h, which shows only one mesophase transition in both the cycles.

Table 1. Transition temperature (°C) and associated enthalpy
(KJ/Mol) calculated from DSC thermogram

13a Cr 23 sme P29 N B N sme 2 or
(48.5) (1.59)  (0.78) (0.89) (1.46) (31.1)

13b Cr 2 cn B gme PN 2ON B gme L oy
(17.1)  (38.2) (3.80) (0.87) (0.80) (2.10) (35.5)

13c Crisme CIN ST PN P gme 2 o
(71.8) (3.12) (1.03) (1.03) (3.04) (37.9)

13d Cr 2 sme N N 2 gme B o
(42.5) (5.39)  (0.79) (0.79) (4.18) (40.3)

13¢ Cr2208mC TN B NP gme B4 ¢
(52.9) (0.97) (0.84) (1.12) (0.86) (38.0)

13f Cr22smC 2N IN P sme 2o cr
(46.7) (4.07)  (1.03) (0.66) (3.20) (42.9)

13g Cr 28 sme PN T EIN T g me P o
(53.7) (2.65) (0.83) (0.97) (2.76) (25.8)

13h cr 22 sme 212 gme 2 or

(40.1) (7.92) (5.97) (34.1)
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Figure 1. POM picture of 13a at 184 C.

All the phase transitions are enantiotropic in nature. Compounds possessing a lateral
hydroxyl group attached to the aromatic ring exhibit the same phase transitional
behaviors in respect to the other compounds (except 13h) of the series but possess
higher transition temperature and a high value of enthalpy change due to the pres-
ence of intramolecular hydrogen bonding. Compounds having the same spacer
length and melting as well as clearing temperature decrease with the increase in
the S-alkyl chain length. The change in the spacer length also has a similar effect
as above. On slow cooling from the isotropic phase of the compound 13a, small
droplets are seen that readily transform into the thread-like texture characteristics
of the N phase (Fig. 1). On further cooling, a phase transition occurs at around
167°C, after which a Schlieren texture with only four point brushes appears due
to the optical biaxial nature of the SmC phase (Fig. 2). On further cooling, the
sample solidifies. All the other compounds except 13h exhibit a similar type of phase
behavior under POM observation. Compound 13h shows a direct transition to the
SmC phase from isotropic melt when cooled slowly during POM observation.
Compounds 13a-h are not transparent to X-ray (the reason is uncertain), and
therefore diffraction patterns could not be recorded.

Parra et al. [8a] reported a series of achiral amides, achiral Schiff’s bases, chiral
amides, and chiral Schiff’s bases incorporating a 1,3,4-oxadiazole ring. Some of the

Figure 2. POM picture of 13a at 165 C.
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compounds of this series do not exhibit mesomorphic phases. Most of the achiral
compounds containing Schiff”’s base linkage display an enantiotropic dimorphism
SmC-SmA or SmA-N whereas the chiral compounds show only a chiral SmC phase.
There are many examples of liquid-crystalline compounds having disubstitution on
the oxadiazole ring, but those compounds are bent in nature [8b,8c]. Very few exam-
ples are known where disubstituted oxadiazole rings are used to synthesize
rod-shaped liquid-crystalline compounds [8a]. On the other hand, Loubser and Imrie
[10] have synthesized a series of ester derivatives containing monosubstituted ferro-
cene. They observed that the size and shape of the aromatic core of the substituent
on ferrocene play an important role in determining the thermal properties of these
compounds. According to Loubser and Imrie [10], a minimum of three rings in
the substituent core is necessary for stabilizing the nematic phase, but four rings
vastly enhances the nematic behavior. Carlesen et al [11] synthesized some mono
substituted ferrocene-containing liquid-crystalline materials having three aromatic
rings and observed either monotropic or enantiotropic smectic phase behavior.
Seshadri and Haupt [6a] reported a monosubstituted ferrocene-based metallomeso-
gen with a chiral Schiff’s base with long Sc* domain, a TGBA phase in between SmA
and N*, and a blue phase just before the clearing point, in spite of a bulky pendant
ferrocene unit on the other side and a relatively small terminal group appended
to the chiral center on the other side. We too have reported [6b] some chiral
cholesterol-based liquid-crystalline material terminated with a ferrocenyl moiety.
These dimers have been prepared by varying either the number of aromatic rings,
the spacer between the phenyl rings and the ferrocenyl unit, and introducing lateral
substitution. Most of the dimers exhibited the the N* phase over a wide temperature
range and two of the dimers showed SmA and/or SmA, TGB in addition to the N*
phase.

In the present study, we have synthesized a series of ferrocene-based liquid-
crystalline material terminated with an oxadiazole ring. All the synthesized com-
pounds are liquid-crystalline in nature and exhibit either an enantiotropic SmC
phase or enantiotropic N-SmC transition. To our best of our knowledge, this may
the first example of ferrocene-based rod-like liquid-crystalline materials that termi-
nated with an oxadiazole ring. All the compounds contain two aromatic rings.
Therefore, the occurrence of an N-SmC transition in this study is interesting.

General Procedure for the Preparation of Compounds 6a-d

All the compounds were prepared according to the published procedure [6b].

General Procedure for the Preparation of Compounds 12

Compounds 12 were prepared according to the published procedure [12].

General Procedure for the Preparation of the Schiff’s Bases 13a-h

Compound 6a (100 mg, 0.196 mmol) was dissolved in dry hot ethanol (3mL) and a
catalytic amount of glacial acetic acid was added. To this solution, amine derivative
12a (71 mg, 0.196 mmol) dissolved in dry hot ethanol (SmL) was added drop wise.
After 4-6h a pale yellow solid material separated out, which was filtered in hot
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condition and washed three times with hot ethanol (3 x 5mL) to give a solid as a
pure compound 13a. Similarly, compounds 13b-h were prepared.

Compound 13a. Yield 80% (pale yellow solid); IR v,y 2926, 1736, 1623, 1601 cm ™ ';
"H NMR (400 MHz, CDCls): dy; 0.86-1.87 (m, 31H), 2.35 (t, 2H, J=7.6 Hz), 3.30 (t,
2H, J=7.2Hz), 4.04-4.07 (m, 6H), 4.09 (s, 5H), 6.98 (d, 2H, J=8.8 Hz), 7.29 (d, 2H,
J=8.4Hz), 7.35 (d, 2H, J=8.4Hz), 798 (d, 2H, J=8.8Hz), 8.03 (d, 2H,
J=8.8Hz), 8.15 (d, 2H, J=8.8Hz), 8.48 (s, IH). '>°C NMR (125 MHz, CDCl5):
dc 14.1, 22.7, 25.9, 28.6, 29.1, 29.3, 29.3, 29.4, 29.5, 29.6, 31.1, 31.9, 32.7, 67.1,
68.1, 68.3, 68.5, 89.2, 114.4, 121.1, 121.2, 121.6, 122.4, 122.6, 127.8, 128.3, 130.3,
131.2, 132.4, 133.4, 153.9, 154.8, 160.3, 163.7, 164.4, 164.5, 165.5. Anal. Calcd. for
CsoHsoFeN30,4S: C, 70.33; H, 6.96; N, 4.92%. Found: C, 70.50; H, 6.99; N, 4.98%.

Compound 13b. Yield 85% (yellow solid); IR (KBr): vp.x 2924, 1741, 1624,
1603cm™'; '"TH NMR (400 MHz, CDCl5): 8y 0.86-1.87 (m, 31H), 2.35 (t, 2H,
J=17.6Hz), 3.31 (t, 2H, J=7.2Hz), 4.04-4.06 (m, 6H), 4.09 (s, 5H), 6.85 (d, 1H,
J=8.0Hz), 6.92 (s, 1H), 6.97 (d, 2H, J=8.8Hz), 7.38 (d, 2H, J=8.4Hz), 7.46 (d,
1H, J=8.4Hz), 8.07 (d, 2H, J=8.0Hz), 8.13 (d, 2H, J=8.8Hz), 8.68 (s, 1H),
13.24 (s, 1H); Anal. Caled. for CsoHsoFeN;OsS: C, 69.03; H, 6.84; N, 4.83%.
Found: C, 69.23; H, 6.90; N, 4.91%.

Compound 13c. Yield 75% (pale yellow solid); IR (KBr): v 2919, 1731, 1626,
1606cm™'; '"H NMR (400 MHz, CDCly): 6y 0.86-1.88 (m, 41H), 2.31 (t, 2H,
J=7.6Hz), 3.30 (t, 2H, J=7.2Hz), 403-4.09 (m, 6H), 4.13 (s, 5H), 6.97 (d, 2H,
J=8.8Hz), 7.29 (d, 2H, J=8.4Hz), 7.35 (d, 2H, J=8.8 Hz), 7.98 (d, 2H, J=8.8 Hz),
8.03 (d, 2H, J=8.4Hz), 8.14 (d, 2H, J=8.8Hz), 8.48 (s, 1H). Anal. Calced. for
CssHgoFeN;0,S: C, 71.49; H, 7.53; N, 4.55%. Found: C, 71.67; H, 7.62; N, 4.64%.

Compound 13d. Yield 90% (yellow solid); IR (KBr): v, 2920, 1736, 1625, 1603 cm '
'"H NMR (400 MHz, CDCl5): dy; 0.87-1.87 (m, 41H), 2.31 (t, 2H, J="7.6 Hz), 3.31 (t,
2H, J=7.2Hz), 4.03-4.08 (m, 6H), 4.09 (s, 5H), 6.85 (d, 1H, J=8.4Hz), 6.91 (s,
1H), 6.97 (d, 2H, J=8.8 Hz), 7.38 (d, 2H, J=8.4Hz), 7.46 (d, 1H, J=8.8 Hz), 8.06
(d, 2H, J=8.4Hz), 8.13 (d, 2H, J=9.2Hz), 8.68 (s, 1H), 13.24 (s, 1H). Anal. Calcd.
for CssHgoFeN;O5S: C, 70.27; H, 7.40; N, 4.47%. Found: C, 70.50; H, 7.49; N, 4.55%.

Compound 13e. Yield 86% (pale yellow solid); IR (KBr): vpmax 2926, 1736, 1623,
1601cm™'; '"H NMR (400 MHz, CDCly): 6y 0.88-1.89 (m, 35H), 2.35 (t, 2H,
J=72Hz), 3.30 (t, 2H, J=7.2Hz), 4.04-4.07 (m, 6H), 4.10 (s, SH), 6.98 (d, 2H,
J=28.8Hz), 7.29 (d, 2H, J=8.4Hz), 7.35 (d, 2H, J=8.4Hz), 7.98 (d, 2H, J=8.4 Hz),
8.03 (d, 2H, J=8.4Hz), 8.15 (d, 2H, J=8.8Hz), 8.48 (s, 1H). Anal. Calcd. for
Cs,Hg3FeN3;0,4S: C, 70.81; H, 7.20; N, 4.76%. Found: C, 70.92; H, 7.29; N, 4.81%.

Compound 13f Yield 78% (yellow solid); IR (KBr): vmax 2921, 1724, 1623, 1602cm ™ ';
'"H NMR (400 MHz, CDCl5): d5; 0.86-1.83 (m, 35H), 2.35 (t, 2H, J="7.2Hz), 3.31 (t,
2H, J=7.2Hz), 4.04-4.06 (m, 6H), 4.09 (s, 5H), 6.85 (d, 1H, J=8.0Hz), 6.92 (s,
1H), 6.97 (d, 2H, J=8.8 Hz), 7.39 (d, 2H, J=7.6Hz), 7.46 (d, 1H, J=8.4Hz), 8.07
(d, 2H, J=7.6Hz), 8.13 (d, 2H, J=8.8 Hz), 8.68 (s, 1H), 13.26 (s, 1H). Anal. Calcd.
for C5,He3FeN3OsS: C, 69.55; H, 7.07; N, 4.68%. Found: C, 69.75; H, 7.18; N, 4.76%.

Compound 13g. Yield 95% (pale yellow solid); IR (KBr): vpax 2919, 1729, 1628,
1604cm™'; 'TH NMR (400 MHz, CDClL): dy 0.86-1.86 (m, 45H), 2.31 (t, 2H,
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J=17.6Hz), 3.30 (t, 2H, J=7.2Hz), 4.03-4.05 (m, 6H), 4.07 (s, 5H), 6.97 (d, 2H,
J=8.8Hz), 7.29 (d, 2H, J=8.4Hz), 7.35 (d, 2H, J=8.4Hz), 7.98 (d, 2H, J=8.8 Hz),
8.03 (d, 2H, J=8.4Hz), 8.14 (d, 2H, J=8.8Hz), 8.48 (s, 1H). Anal. Calcd. for
Cs7H,3FeN;O,4S: C, 71.90; H, 7.73; N, 4.41%. Found: C, 72.06; H, 7.85; N, 4.51%.

Compound 13h. Yield 90% (yellow solid); IR (KBr): vp.x 2920, 1736, 1624,
1603cm™'; '"H NMR (400 MHz, CDCl5): 6y 0.87-1.88 (m, 45H), 2.31 (t, 2H,
J=17.2Hz), 3.31 (t, 2H, J=7.2Hz), 4.03-4.07 (m, 6H), 4.13 (s, 5H), 6.85 (d, 1H,
J=84Hz), 6.92 (s, 1H), 6.97 (d, 2H, J=9.2Hz), 7.38 (d, 2H, J=8.4Hz), 7.46 (d,
1H, J=8.4Hz), 8.07 (d, 2H, J=8.0Hz), 8.13 (d, 2H, J=8.8Hz), 8.68 (s, 1H),
13.24 (s, 1H). Anal. Calcd. for Cs;H3FeN;OsS: C, 70.72; H, 7.60; N, 4.34%.
Found: C, 70.86; H, 7.69; N, 4.38%.
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