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Syntheses and Physical Properties of 
Ferrocene Derivatives (I I) Liquid Crystallinity 
and Multiple Melting Behavior of 
Fe r rocene Derivatives 
TOMONORI HANASAKI, MITSUNORI UEDA and NAOTAKE NAKAMURA 
Department of Chernistty, Faculty of Science and Engineering, Ritsurneikan University, 
Tojiin, Kita-ku, Kyoto 603, Japan 

(Received November 17, lYY2; in final form February 2, 1993) 

Nine kinds of monosubstituted ferrocene derivatives, w-[4-(4-methoxyphenoxycarbonyl)phenoxycar- 
bonyllalkyl 4-ferrocenylbenzoate, were prepared. The derivatives containing 4,  6, 10 and 11 carbon 
atoms in the flexible alkyl chain of the compounds showed liquid crystallinity, and multiple melting 
behavior was observed in the compounds containing 4, 6 and 11 carbom atoms. An appearance of the 
liquid crystallinity showed a carbon number dependence on the flexible alkyl chain. 

Keywords: ferrocene, liquid crystal, multiple melting behavior, phase transition, transition 
metal complex 

INTRODUCTION 

Liquid crystal compounds containing transition metals have come to be of great 
interest in recent years. It is expected that these compounds exhibit unique optical, 
electrical and magnetic properties. Furthermore, these properties have the possi- 
bility of finding application in imaging devices. Many organic transition metal 
complexes substituted with long alkyl chains have been synthesized, and their liquid 
crystallinity has been discussed.l Moreover, it was reported that several of these 
complexes showed multiple melting behavior .2 

However, there were a few reports in which the liquid crystallinity of the fer- 
rocene derivative was d i s c ~ s s e d . ~ ~ ~ , ~  Quite recently, it was reported that an ap- 
pearance of liquid crystallinity was found in monosubstituted compounds which 
had the methylene flexible spacer between the ferrocenyl group and the mesogenic 
cholesteryl one.6 It is rarely found that ferrocene derivatives exhibit multiple melt- 
ing b e h a ~ i o r . ~ , ~  

In this study, nine kinds of monosubstituted ferrocene derivatives were synthe- 
sized. The compounds designed here were w-[4-(4-methoxyphenoxycarbonyl)phen- 
oxycarbonyl]alkyl4-ferrocenylbenzoate (abbreviated hereafter to MPAF-n, where 
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n is the number of carbon atoms in the flexible alkyl chain). Thermal analyses and 
texture observations of MPAF-n were made in a wide temperature range. The 
liquid crystallinity and multiple melting behavior of MPAF-n are described in this 
report. 

EXPERIMENTAL 

The objective compounds, MPAF-n (n  = 1-7,lO and 11) were synthesized by the 
routes illustrated in Figure 1. The synthetic procedure for MPAF-10: 4-Methox- 
yphenyl4-hydroxybenzoate was prepared from 4-hydroxybenzoic acid and 4-meth- 
oxyphenol by esterification in benzene containing a catalytic amount of sulfuric 
acid.8 After 11-bromoundecanoic acid was converted into its acid chloride using 
thionyl chloride, the 4-methoxyphenyl4-hydroxybenzoate was treated with the acid 
chloride in ether containing pyridine. The terminal bromine atom of the resulting 
product was converted into an iodine one. Methyl 4-ferrocenylbenzoate was pre- 
pared from methyl 4-aminobenzoate by diazotization and coupling. The methyl 4- 
ferrocenylbenzoate was hydrolyzed by potassium hydroxide. This hydrolyzate was 
treated with potassium hydroxide and silver nitrate. MPAF-10 was prepared by 
esterification from the resulting products obtained from previous procedures. MPAF- 
10 was precipitated from a benzene solution by dilution with methanol after pu- 
rification by column chromatography. After drying, MPAF-10 was obtained as an 
orange powder. 

MPAF-n gave only one sport on the TLC analyses and it was confirmed to be 
the objective compound using 'H-NMR (JEOL, JNM GX-270) spectra. The ther- 
mal analyses were made by a differential scanning calorimeter (Perkin Elmer, DSC- 
7, abbreviated hereafter to DSC). The scanning rate was S"C/min. Texture obser- 

B r S C H Z k C O O H  H O - @ N O H  t H O O O C H 3  

4 SOClZ HzSOi 4 reflux (benzene) 

B r + C H & C O C l  H O - @ X O e O C H 3  

I I 
P y r i d i n e l  reflux ( d r y  B t z O l  

B r  SCH 2 ~ C O O ~ C O O ~ O C H  3 

N ~ I  1 reflux (acetone) 

H C H ~ ~ C O O ~ C O O ~ O C H ~  

FIGURE 1 Scheme of synthetic process. a :  the number of carbon atoms in the alkyl chain. 
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vations were carried out using a polarizing microscope (Nikon XTP-11) equipped 
with a heating stage (Mettler FP-800). 

RESULTS AND DISCUSSION 

The DSC curves of MPAF-6 are shown in Figure 2. On the first heating of as grown 
sample, small endothermic (A) and exothermic (B) peaks were continuously ob- 
served at 117°C and 120"C, respectively. Although texture change was not observed 
appreciably around these temperatures under the polarizing microscope, it was 
considered that the sample once melted and immediately recrystallized. So, it is 
assumed that the as grown sample is a metastable crystal and it transforms to a 
stable one accompanied by the melting. This crystal showed an endothermic peak 
(C) at 123°C. This temperature was confirmed to be the melting point by polarizing 
microscopy observations. During the heating up to 140°C from the melting tem- 
perature, no peak and texture change were observed. On the first cooling from 
140"C, the sample showed two small exothermic peaks (D and E) and a little shift 
of the base line to the endothermic side just below peak E temperature. Peak D 
is a clearing point, because the texture observed below this transition temperature 
was the characteristic liquid crystalline one. This phase is denoted by L.C.l. Photo 
1 shows the texture of L.C.l taken at 47°C. No texture changes were observed 
around peak E. It may be understood that a phase transition from L.C.l to other 
liquid crystalline phase (denoted by L.C.2) occurred at peak E and a glass transition 
happened just after the phase transition. On the second heating from 0"C, the 
broad peak F and the endothermic peak G were observed at 21°C and 24"C, 
respectively. Peak F was identified as the glass transition point owing to the typical 
shape of the DSC curve. Peak G may be the transition point from L.C.2 to L.C.l. 
Two broad exothermic peaks (H and I) and three endothermic peaks (5, K, and 
L) were observed after peak G. These peaks are explained as follows. Peak 
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FIGURE 2 DSC curves of MPAF-6. Scanning rate: S.O"C/min. 
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PHOTO 1 Texture of L.C.l phase of MPAF-6 taken at 47°C. See Color Plate XV. 

H corresponds to a crystallization from L.C.l ,  because an appearance of nuclei of 
a new crystal was distinctly observed under the polarizing microscope. This crystal 
is denoted by K1. K1 grew gradually with increasing temperature. Such phenom- 
enon, that is, crystallization from the liquid crystalline phase in the heating process, 
has been observed on the DSC rnea~urements.~ Photo 2 shows the texture of K1 
taken at 48°C. K1 transformed into two individual crystals at peak I temperature. 
The textures of these crystals were distinct from that of K1. This transformation 
was very slow. Before the transformation was completely finished, K1 melted at 
peak J. Photo 3 shows the texture of the crystals taken at 110°C. In Photo 3, the 
left side crystal is denoted by K2, and the one on the opposite side is denoted by 
K2’. K2’ and K2 melted at peaks K and L, continuously. The temperatures of 
peak K and L were nearly equal to that of the melting point observed on the first 
heating. Taking into account these results, it is considered that the K1, grown at 
peak H, is a metastable crystal, and this crystal transforms to the two other crystals 
(K2’ and K2) at peak I. It may be considered that K2’ and K2 do not so much 
differ from one another in thermal stability, because the melting points of the K2’ 
and K2 were nearly the same temperature. In the result, the melting behavior was 
observed three times on the second heating. After the second heating, the contin- 
uous cooling and heating cycles gave the same results obtained on the first cooling 
and the second heating, respectively. 

The result of MPAF-10 on the first heating was nearly equal to that of MPAF- 
6. That is, the as grown sample of MPAF-10 was a metastable crystal. In the case 
of MPAF-n, except for MPAF-6 and 10, the as grown samples were stable crystals, 
because no peak and texture change were observed on the first heating up to the 
melting temperature. 
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L.C. OF FERROCENE DERIVATIVES (11) 333 

PHOTO 2 Texture of K1 crystal of MPAF-6 taken at 48°C. The remaining L.C.1 phase is observed 
around K1. See Color Plate XVI. 

PHOTO 3 Textures of K2 (left side) and K2' (right side) crystals of MPAF-6 taken at 110°C. See 
Color Plate XVII. 
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Just above the melting point, the textures of all MPAF-n were not perfectly 
black under the polarizing microscope. This fact suggests that a little ordered state 
may remain after the melting, because MPAF-n was very viscous and slimy whereas 
the sample was in the molten state. And this result was quite similar to that of the 
ferrocene derivatives containing cholesteryl group as a mesogenic one.6 

The phase transition behavior of MPAF-n on the first cooling and second heating 
is summarized in Table I. In Table I ,  crystal phases are roughly classified into two 
categories. One is a stable crystal phase (K2) which does not show any phase 
transition up to the melting temperature in the heating process. The other is met- 

TABLE I 

Phase transition temperatures of MPAF-n 

rn decomposed 

3 &  
27 

i n  

14 45  

25  ,, 30 K 2  81 22 

19 , I  

I 1  ~ L . C . 1 ’ ~  

pJ”87 I 
ti! _ _  - - _ _ - - - _ _ _ _ I  -24 - - - - 1 4 - heating process G : glass state KI : metastable crystal 

---t cooling process L : liquid K1’ : metastable crystal 
L.C. 1 : liquid crystal K2’ : metastable crystal 
L.C. 2 : liquid crystal K 2  : stable crystal 
L. C. I’ : liquid crystal 
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astable crystal phase (Kl) which transforms to another more stable crystal at higher 
temperature range and the texture of K1 is different from that of K2 under the 
polarizing microscope. In the case that liquid crystal-liquid crystal phase transition 
was observed, higher temperature liquid crystalline phase is denoted by L.C.l, and 
lower one is denoted by L.C.2. These symbols (Kl, K2, and so on) in Table I are 
defined independently on each MPAF-n. Therefore, for example, it is not yet 
confirmed whether K2 of all MAPF-n is the same structure or not in crystallographic 
point of view. 

In the case of MPAF-1, only glass transition was observed by DSC measurements 
in the heating and cooling processes. No texture change was observed by the 
polarizing microscope during these processes. 

The thermal behavior of MPAF-3 and 5 was nearly the same as that of MPAF- 
1, as only the glass transition happened in the heating and cooling processes. 

The results of DSC measurements and texture observations of MPAF-2 and 7 
were nearly equal to one another. Namely, the results obtained in the cooling 
process were quite similar to those of MPAF-1. In the heating process, after the 
glass transition, the sample crystallized from the molten state and this crystal (K2) 
melted. Only the sample of MPAF-2 partially decomposed after the melting. 

In the case of MPAF-4, the liquid crystalline phase (L.C.l) appeared at 40°C 
from the molten state in the cooling process. After the phase transition from L.C.l 
to the other liquid crystalline phase (L.C.2) happened, the glass transition was 
observed. In the heating process, the glass transition point, the phase transition 
point from the L.C.2 to L.C.l, and the clearing point were observed. At 47”C, K1 
was crystallized from the molten state. Such phenomenon was observed on the 
DSC measurements of the ferrocene derivatives containing cholesteryl group.6 This 
crystal is metastable, because more stable crystal was observed at higher temper- 
ature range. K1 transformed to the other metastable crystal at 64°C. The exothermic 
peak corresponding to this transformation was very small on the DSC measurement. 
Moreover, a little change of the texture was observed by polarizing microscopy 
observations at 64°C. This metastable crystal may be not so much different from 
that of previous metastable one. So, this crystal is denoted by Kl’. K1’ transformed 
into a stable crystal (K2) at 116°C. The melting behavior of K1’ was not seen by 
polarizing microscopy observations. From the results of the precise DSC mea- 
surements, however, it may be explained that K1’ melted before the transformation 
from K1’ to K2 was completely finished. K2 melted at 138°C. This sample showed 
double melting behavior. 

The thermal behavior of MPAF-10 was nearly equal to that of MPAF-6. But in 
this case, K2’ crystal and the melting behavior of K1 crystal were not observed. 

In the case of MPAF-11, a small portion of the molten sample crystallized to 
K2’ crystal, and this crystal did not change any more through the cooling process. 
The remaining portion transformed into the liquid crystalline state (L.C. 1) in the 
cooling process. After the clearing point, small exothermic and glass transition 
peaks were observed on the DSC measurements. It may be considered that the 
small exothermic peak corresponds to the rearrangements in L.C. 1, because only 
clearing point was detected in the continuous heating process by DSC measurements 
and no texture changes were observed around the exothermic peak under the 
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polarizing microscope. The low temperature phase of the liquid crystalline state is 
denoted by L.C.l’. In the heating process, although the glass transition and the 
clearing point were continuously observed, K2’ remained. Above the clearing point, 
the other crystal (K2) appeared. However, the texture of K2 was different from 
that of K2’, which crystallized in the cooling process. Thus, two distinct crystals 
(K2 and K2’) coexisted just below the melting point. It was observed that K2 
melted immediately after the melting of K2’ by polarizing microscopy observations. 
So, it may be considered that the K2 and K2’ do not so much differ from one 
another in thermal stability. MPAF-11 showed double melting behavior. 

As can be seen from Table I, four kinds of samples showed liquid crystallinity. 
Three of them have even-carbon atoms in the flexible spacer (n = 4, 6 and 10). 
MPAF-11 has the longest alkyl chain (n = 11) in the odd-carbon number series 
studied here. These results are explained by a conformation of the flexible alkyl 
chain between the ferrocenyl and mesogenic groups, as was already reported in 
our previous paper.6 The previous compound has the cholesteryl group as a me- 
sogenic one. That is, although the characteristics (polarizability, geometry, etc.) 
of the mesogenic group of MPAF-n are different from those of the previous com- 
pounds, the flexible alkyl chain carbon number dependence on the appearance of 
liquid crystallinity was nearly equal to the previous results. Therefore, it is clear 
that the liquid crystallinity of these monosubstituted ferrocene derivatives is more 
influenced by the molecular shape of the compounds than by the characteristics of 
the mesogenic group. 

Three kinds of the samples (MPAF-4, 6 and 11) exhibited multiple melting 
behavior, as can be seen in Table I. Taking into account the melting behavior of 
these compounds observed in this study, it seems that this behavior is classified 
into two types, as follows. 

(i) The metastable crystal transforms to a stable one. However, before the finish 
of the transformation, the metastable crystal melts itself, and the stable one grows 
from the molten state. 

(ii) Two crystals coexist up to the melting point and these crystals show their 
own melting point. 

The double melting behavior of MPAF-4 is classified as type (i). MPAF-11 shows 
the behavior of type (ii). MPAF-6 exhibits both types (i) and (ii). 
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