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Syntheses and Physical Properties 
of Ferrocene Derivatives (XI I I) 
Liquid crystallinity of o-[4-(4-methoxyphenoxy- 
carbonyl)phenoxycarbonyl] alkyl 4-ferrocenylben- 
zoate with octyl and nonyl groups as an alkyl one 
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Two monosubstituted ferrocene derivatives, 8-[4-(4-methoxyphenoxycarbonyl)phenoxycarbo- 
nylloctyl 4-ferrocenylbenzoate (MPAF-8) and 9-[4-(4-methoxyphenoxycarbonyl)phenoxycarbonyl] 
nonyl 4-femcenylbenzoate (MPAF-9). were synthesized and their phase transition behavior was 
studied using a differential scanning calorimeter, a polarizing microscope and an X-ray diffractome- 
ter. MPAF-8 exhibited two liquid crystalline phases in both heating and cooling processes at approxi- 
mately mom temperature. In the heating process, a crystal-crystal phase transition behavior was 
ascertained. The phase transition behavior of MPAF-9 was very similar to that of MPAF-8 except for 
the behavior of the crystal-crystal phase transition in the heating process. In MPAF-8, one crystalline 
phase was transformed into another crystalline phase completely. On the other hand, this transforma- 
tion was observed in part in MPAF-9, and as a result, the melting behavior was observed two times in 
the heating process. 

Keywords: Liquid Crystal; Ferrocene Derivative; Metallomesogen; Phase Transition 
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94 NAOTAKE NAKAMURA et al. 

INTRODUCTION 

Metallomesogens have recently attracted special attention as a new liquid crys- 
talline material, because it is expected to show unique properties, such as elec- 
tric, magnetic, chromatic properties and so on. Ferrocene derivatives are one of 
the typical metallomesogens. Recently, liquid crystallinity of the ferrocene deriv- 
atives has been investigated from several standpoints[ 1-31. 

Monosubstituted ferrocene derivatives, o-[4-(4-methoxyphenoxycarbo- 
nyl)phenoxycarbonyl] alkyl 4-ferrocenylbenzoate (abbreviated hereafter as 
MPAF-n, where n is the number of carbon atoms in a flexible spacer), have a 
characteristic chemical structure in which the flexible spacer is located between a 
phenyl ferrocenyl and a mesogenic group (see Fig. 1). A series of MPAF-n with 
n = 1,2,3,4,5,6,7,  10 and 11 was synthesized in our laboratory, and the physi- 
cal properties including liquid crystallinity were studied by use of several meth- 
ods, for example, thermal measurements[4], single-crystal structure analyses[5- 
101, Mossbauer spectroscopy[ 1 I ]  and so on. It was found that MPAF-n contain- 
ing 4,6, 10 and 11 carbon atoms in the flexible spacer show the liquid crystalline 
phases[4]. 

The series is lacking two members, which are MPAF-8 and 9. These are very 
interesting and important points in the study of the ferrocene derivatives whether 
those compounds exhibit liquid crystallinity or not. All of MPAF-n with even n 
synthesized in our previous work showed liquid crystallinity except for MPAF-2. 
Therefore, it is expected that MPAF-8 shows liquid crystallinity. In contrast to 
the even members, MPAF-I, 3, 5 and 7 did not show liquid crystallinity, while 
MPAF- 1 1 showed liquid crystallinity. The investigation on liquid crystallinity of 
MPAF-9 is worthwhile, because MPAF-9 exists between non-liquid crystalline 
MPAF-7 and liquid crystalline MPAF- 1 1. 

In this work, the liquid crystallinity of MPAF-8 and 9 is investigated using a 
differential scanning calorimeter, a polarizing microscope and an X-ray diffrac- 
tometer. 

EXPERIMENTAL 

The compounds, MPAF-8 and 9 were synthesized in accordance with the scheme 
of the synthetic process shown in Figure 1. This synthetic method was almost the 
same as that reported already[4, 121. 

8-Bromooctanoic acid was prepared by an oxidation of 9-bromo- 1 -nonanol in 
dil. HN03 and was converted into 8-bromooctanoyl chloride using thionyl chlo- 
ride. On the other hand, 4-methoxyphenyl4-hydroxybenzoate was prepared from 
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L.C. OF FERROCENE DERIVATIVES (XIII) 95 

S O C l 1  

ppridine reflux (dry diethylether) I 
B r f c H k ~ o ~ c O ~ C ~  3 

NaI reflux (SCetwe) I 
I-CH~)~~COO-(-J-COO-@XH~ 

I 

W C O O C H  3 

& ,  

I under ultrasonic reflux (dry diethylether) 

~ C O O f C H z k C O 0 - ( - + C O O ~ C H  3 

WAF-n 

FIGURE I The synthetic scheme of MPAF-n 

an esterification of 4-hydroxybenzoic acid and 4-methoxyphenol in benzene with 
H2S04 as a catalyst. 8-Bromooctanoyl chloride and 4-methoxyphenyl 
4-hydroxybenzoate were refluxed in dry diethylether under the presence of pyri- 
dine. Continuously, the conversion of the terminal bromine atom into an iodine 
one was carried out by dealing with NaI in acetone. On the other hand, 4-ferroce- 
nylbenzoic acid was synthesized from methyl 4-aminobenzoate by diazotization, 
coupling and hydrolysis reactions. The acid was converted into its silver salt. 
MPAF-8 was obtained by the esterification between the products prepared by 
previous procedures. This reaction was carried out in a flask placed in an ultra- 
sonic bath in order to accelerate the reaction. MPAF-8 was purified by precipita- 
tion by a gradual dilution of its benzene solution with methanol in addition to 
column chromatography (silica gel, dichrolomethane). After that, the compounds 
were dried thoroughly. The objective compound, MPAF-8, was obtained as 
orange powder crystals. 
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-20 0 20 40 60 80 100 120 

FIGURE 2 DSC curves of MPAF-8 (5.O"Clmin). Each arrow indicates the direction of the tempera- 
ture scanning 

In the case of MPAF-9, all synthetic processes and the method of purification 
are the same as those of MPAF-8. 

'H-NMR (JEOL, JNMGX-400) spectra were used for an identification of the 
synthesized compounds. The purity of MPAF-8 and 9 was confirmed by a pres- 
ence of only one spot through the TLC analyses in addition to the results of the 
'H-NMR spectra in which no other peaks were observed except for the identified 
peaks as the objective compounds. 

The measurements and observations of the phase transition behavior were per- 
formed by the differential scanning calorimeter (Perkin-Elmer DSC-7, abbrevi- 
ated hereafter as DSC), and the polarizing microscope (Nikon XTP-11) equipped 
with a heating and cooling stage (Mettler FP-800). The scanning rate of these 
measurements was 5°C /min, which is the same condition as the case of the other 
MPAF-n in our previous work. The measurements of small- and wide-angle 
X-ray diffractions were carried out using a Rotaflex (Rigaku-RU200B) equipped 
with a small-angle diffractometer (Rigaku CN203E) and wide-angle one (Rigaku 
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L.C. OF FERROCENE DERIVATIVES (XIII) 97 

FIGURE 3 The texture of MPAF-8 in L.C.2 phase taken at 25°C (See Color Plate VII at the back of 
this issue) 

2155R6). Temperature control for the specimens was made by a gas flow sys- 
tem[ 131 for the small-angle X-ray experiments and a heating system (Rigaku 
2352A 1 and 5 188C3) for the wide-angle ones. 

I I I I I I I 
10.0 B.0 30.0 

28 e, 
FIGURE 4 Wide-angle diffraction diagrams of MPAF-8 in heating process (2.0"C /min). (a) 15°C 
(b) 55OC (c )  70°C (d) 120°C 
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98 NAOTAKE NAKAMURA er (11. 

RESULTS AND DISCUSSION 

In the case of MPAF-8, the sample melted at about 100°C and did not show liq- 
uid crystallinity by the heating from an as grown sample. Figure2 shows the 
result of the DSC measurement started from a molten state. In the cooling proc- 
ess, a broad exothermic peak (A) between 60 and 40"C, a small exothermic peak 
(C) of about 35°C accompanied with a shoulder (B), and a little baseline shift (D) 
at 2°C were observed. According to the texture observations, no distinct optical 
texture changes were detected around the peak (A) temperature except for a 
slightly growing light. It may be considered that a little ordering of the molecules 
gradually takes place with decreasing temperature. The shoulder (B) was identi- 
fied as a clearing point, because a typical schlieren texture and a high fluidity 
were observed below the corresponding temperature of the shoulder (B). This 
phase was defined as L.C.1 in accordance with our previous paper[4] and was 
identified to be the nematic phase by the result of the texture observation men- 
tioned above. No texture change except a little change of the fluidity was 
observed from the temperature of shoulder (B) to -20°C though the peak (C) 
was observed clearly by DSC. It was understood that the peak (C) is the phase 
transition point from L.C.l to a new other liquid crystalline phase as was 
observed in MPAF-4, 6, 10 and 11[4]. This liquid crystalline phase was defined 
as L.C.2. Figure 3 shows the liquid crystalline texture of L.C.2 taken at 25OC. 
The schlieren texture is closely associated with the smectic liquid crystalline 
phase. A baseline shift (D) was considered to be a glass transition point because 
of the typical shape of the DSC curve. In the heating process, a baseline shift (E) 
at 4°C was identified to be the glass transition point. An endothermic peak (F) 
and a very small peak (G) around 37°C a broad exothermic peak (H) between 42 
and 70°C. and a sharp endothermic peak (I) at 93°C were observed subsequently. 
It is considered that peak (F) is a phase transition point from L.C.2 to L.C. 1. 
According to the texture observations, the liquid crystalline texture vanished at 
about 40°C and a nuclei of a new crystal appeared in a dark field of view at about 
45°C. The peak (G) was identified as a clearing point, and the broad peak (H) 
corresponded to the appearance and growth of the new crystal. This crystal grew 
gradually with increasing temperature from 42 to 6OoC, and seemed to transform 
into another crystal continuously at about 60°C. This phenomenon was not 
clearly observed as the optical texture change under the polarizing microscope 
and distinct thermal changes in DSC measurements. Wide-angle X-ray diffrac- 
tion patterns, however, change at around that temperature, as is shown later. 
Therefore, it is considered that this crystal-crystal phase transition behavior cor- 
responded with the transformation from the unstable crystal (denoted by K1) into 
the stable one (denoted by K2). This stable crystal melted at around 93OC, which 
corresponded to that of peak (I). 
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L.C. OF FERROCENE DERIVATIVES (XIII) 99 

These phase changes could be confirmed by the X-ray diffraction method. The 
wide-angle diffraction diagrams of L.C.2, K1, K2 and L (liquid phase) of 
MPAF-8 are shown in Figure 4(a), (b), (c) and (d), respectively. The diagram (a) 
indicates a very broad peak at around 20" as 2 8 diffraction angle. In addition to 
this fact, a long spacing is also observed in L.C.2, as is listed in Table I. There- 
fore, L.C.2 is reconfirmed as the smectic liquid crystalline phase. As some strong 
reflections are observed in the diagrams of Figure 4 (b) and (c) at about 15-22' 
as 2 8, these phases are considered to be crystalline ones. The diffraction angles 
and intensities observed in the K1 crystal were different from those of the K2 
one. It seems that crystallinity of the K2 crystal is tighter compared with that of 
the K1 crystal. No reflection peaks were observed as a matter of course in the 
diagram of Figure 4 (d) which is taken at 120°C under the liquid phase. 

TABLE 1 Long spacings and model molecular lengths of MPAF-n[9] 

Moleculur length ( L )  / A  Long-spacing ( d )  / A  d / L  

MPAF-4 27.6 30.5 1.10 

MPAF-6 29.3 31.3 1 . 1 1  

MPAF-8 31.6 33.3 I .05 

MPAF-9 32.8 42.1 I .28 

MPAF- 10 33.7 36.1 I .07 

MPAF- 1 I 36.5 46.3 I .27 

In the case of MPAF-9, the results of the DSC measurements, the texture 
observations and the X-ray diffraction experiments were very similar to those of 
MPAF-8, except for the crystal-crystal phase transition behavior. In the heating 
process from -2O"C, the glass transition (O.S"C), L.C.2-L.C. 1 phase change 
(28"C), and the clearing (30°C) were observed just as the case of MPAF-8. The 
L.C.1 and L.C.2 textures of MPAF-9 are highly similar to those of MPAF-8. 
Therefore, it may be considered that MPAF-9 shows the nematic and smectic 
phases like MAPF-8. After the clearing of L.C. 1 phase, the nuclei of the crystal 
(defined as K1) appeared at about 35"C, and the K1 crystal grew gradually with 
increasing temperature. This K1 crystal, however, partially changed into another 
crystal (denoted by K2) at around 65°C. Because the rate of this crystal-crystal 
phase transition was very slow, the remaining K1 crystal melted at 75°C. The K2 
crystal, which grew gradually after the melting of K1 crystal, melted at 82°C. 
That is, the melting behavior was observed two times in the heating process. 

As a result, MPAF-8 and 9 showed two liquid crystalline phases which were 
identified to be the nematic (L.C.1) and the smectic (L.C.2) phases. The L.C.1 
phase appeared from a super cooled liquid, and the glass transition from L.C.2 
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100 NAOTAKE NAKAMURA et al. 

" 2 - 3 5 -  37 U 
MPAF-8 

MPAF-9 
FIGURE 5 The phase transition behavior of MPAF-8 and MPAF-9 obtained from DSC measurements 
(5.O"Clmin). G: glass state, L.C. I and L.C.2: liquid crystalline phase, KI : metastable crystalline 
phase, K2: stable crystalline phase, L: liquid state. Arrows show the direction of temperature change. 
Numbers correspond to the phase transition temperature ("C) 

phase happened without the crystallization under the condition of the measure- 
ments, that is, the scanning rate was S"C/min. Consequently, the liquid crystal- 
line phases were seemingly observed in both the cooling and the heating 
processes. Therefore, these liquid crystalline phases are metastable one and it is 
considered that these phases may vanish under the very slow scanning rate. 

In order to measure the long spacings of liquid crystalline MPAF-n, the 
small-angle X-ray diffraction experiments were carried out at about 0°C. 
Although the samples were in a glass state at that temperature, the long spacings 
of the samples can be regarded as those of liquid crystals, and are summarized in 
Table I[9]. The table includes model molecular lengths calculated by a personal 
computer system. The ratio of the long spacing values and model molecular 
lengths give us some information on the molecular arrangement in the liquid 
crystalline phase. The ratio of MPAF-8 is about 1.1, and this value is nearly equal 
to those of other liquid crystalline MPAF-n with even n. This fact suggests that 
the molecular arrangements in L.C.2 of MPAF-n with even n are quite similar to 
each other. The ratio of MPAF-9 is estimated to be about 1.3 and the value is 
comparable to that of liquid crystalline MPAF- 1 1. Therefore, nearly the same 
molecular arrangement probably exists in  L.C.2 of MPAF-9 and 11. 

The shlieren texture observed in L.C.2 of MPAF-8 and 9 suggests that possible 
types of the smectic liquid crystalline phase are three. These are smectic C, F and 
I. But, the result of the small-angle X-ray diffraction shows the existence of the 
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L.C. OF FERROCENE DERIVATIVES (XIII) 101 

long spacings, and that of the wide-angle X-ray diffraction indicates no distinct 
reflections. If the type of the liquid crystalline phase is smectic F or I, the reflec- 
tion peaks should be observed in the wide-angle range of 2 8 in addition to the 
long spacings. Therefore, it is considered that the L.C.2 phase of MPAF-8 and 9 
is the smectic C. 

In conclusion, the phase transition behavior of MPAF-8 and MPAF-9 is shown 
in Figure 5 in detail. As is mentioned above, these compounds showed two liquid 
crystalline phases, which were considered to be the nematic phase and the smec- 
tic C one. The melting behavior of MPAF-9 was observed two times in one heat- 
ing process. Such phase transition behavior was observed already in the other 
liquid crystalline MPAF-n[4]. 
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