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Novel 1,1'- and 1,3-Disubstituted Ferrocene-containing Thermotropic Liquid Crystals: 
A Remarkable Isomeric Effect 
Robert Deschenaux* and Jean-Luc Marendaz 
Université de Neuchâtel, institut de Chimie, Av. de Beiievaux 51, 2000 Neuchâtet, Switzerland 

Comparison of results obtained from 1,1'- and 1,3-disubstituted ferrocenes clearly demonstrates the influence of 
structural isomerism on the mesomorphic properties. 

There is currently considerable interest in metallomesogens 
owing to their unique properties1 and potential applications2 

in electronic technology. Among all the metal-containing 
liquid crystals reported thus far, little attention has been 
focused on thermotropic metallocenes.3 This is surprising 

. since metallocenes have a high thermal stability and are very 
soluble in common organic solvents, making their character­
ization straightforward. In addition, they possess a 3-dimen-
sional structure which offers multiple possibilities of forming 
derivatives for fine tuning of the mesomorphic properties. 

We report herein the preparation and mesogenic behaviour 
of ferrocenes substituted in the 1,1'- and 1,3-positions. To our 

knowledge, 1,3-disubstituted ferrocene-containing thermo­
tropic liquid crystals have not previously been described. 
Compounds la-c and 2a-d were obtained by condensing 
either the ferrocene 1,1'-diacid chloride4 or the ferrocene 
1,3-diacid chloride5 with various phenol derivatives [4-(4'-n-
alkoxybenzoyloxyjphenol6 and 4'-n-hexyloxybiphenyl-4-oI].7 

The syntheses were performed in CH2Cl2 at reflux, in the 
presence of triethylamine. Crystallization from CH2Cl2-
MeOH afforded the pure solids in 75-80% yield. The 1H 
NMR spectra and microanalyses for all these new compounds 
are in agreement with the proposed structures. The transition 
temperatures and enthalpies are presented in Table 1. 
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Table 1 Transition temperatures of complexes 1 and 2 

Complex 

l a ' 

Ib 

le 

2arf 

2b* 

2c* 

2d* 

Transition" 

C - I 
( 1 - N ) ' 

C - I 

C - I 

C - N 
N - I 

C - N 
N - I 

C - N 
N - I 

C - N 
N - I 

Tre 

172 
(153) 

169 

167 

184 
248 

183 
217 

172 
206 

204 
235 

AHZkJmOl-'" 

40.8 
(3.0) 

46.0 

63.3 

40.5 
4.8 

53.5 
4.3 

42.1 
3.8 

58.5 
3.4 

" Observed on a Zeiss Axioscopo polarizing microscope equipped 
with a Linkam THMS 600 variable temperature stage. b Measured on 
a Mettler DSC-30 from the second heating cycle at a rate of 100C 
min-1. c Monotropic transition. d Nematic droplets were observed 
near the I — N transition on cooling slowly (5 0C min-1) from the 
isotropic melt. 

- ^ ^ - C O 2 R R: i tf°*C~\ ^ - 0 0 C H 1 3 

< ^ > _ C 0 2 R a 

-O-RO2C —<gZ&—CO2R 

Fe 

b 

-O2C- OCgH1 

-Cy-C)-^* 
None of the l,l'-disubstituted compounds la-c exhibited 

liquid crystal properties on heating. They clearly and directly 
melted into an isotropic liquid. However, a monotropic 

nematic phase was observed for la. Insufficient supercooling 
of the isotropic melt probably prevented lb and Ic from 
forming mesophases. 

Remarkable thermotropic properties resulted from the 
1,3-isomeric structures. Indeed, ferrocene derivatives 2a-c 
not only showed enantiotropic behaviour, but they also gave 
rise, in each case, to a wide nematic phase: 64 0C (2a), 34 0C 
(2b) and 34 0C (2c). Compound 2d,t containing a biphenyl 
system, also led to a stable enantiotropic nematic phase 
(31°C). This demonstrates that the capability of the 1,3-
disubstituted structure for forming thermotropic materials 
could be generalized to a variety of rigid organic moieties. 

Wc thank Gba-Geigy Ltd and the Swiss National Science 
Foundation for financial support. 
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49. [ , I ' -Disubsti tuted Ferrocene-Containing Thermotropic Liquid Crystals 
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Influence of the Orientat ion of the Central Ester Function 
on the Mesogenic Properties 

by Rohtrt Di'schrnauN*. .leun-l.iic Marcndn/' l. and JuMn Saiilia»!»1 ) 

U ni versile de Neuchàlcl. Iiislilul de Chimie. A\ . de lìelle\au.\ 51, CH 2000 Neuehàiel 

l i : . X l . ' ^ l 

The iwo series I ami II ul' l,l'-disubsiiiuled Icrrocenes which differ by ilio direction of the ester funaioli 
included in the rigid organic p;irt were synthesized :md their liquid crystal properties examined. These laller were 
found Io he strongly dependent on the orientation of the conneciing esler group and on the alkyl chain length. 

Introduction.- Much interest is currently devoted to metallomesogcns [ I]. First, these 
compounds, which combine the properties of liquid crystals and the characteristics of 
metals, have allowed fundamental studies at the interface of chemistry, physics, molecu­
lar electronics, and material science. New technologies could emerge from this interdisci­
plinary field of research. Secondly, a specific arrangement of organic frameworks around 
a metallic core opens the way to new geometries and new topologies, in comparison with 
purely organic liquid crystals, thus allowing to explore more deeply the relationship 
between structure and mesogenic properties. 

Most of the metallomesogcns studied so far are coordination complexes built up from 
one or two transition-metal centers coordinated to monodentatc or chelating ligands. 
Mononuclear Ni. Cu, Rh, Pd, Pt [1], and dinuclear Rh |2]. Mo [3], Ru [4], Ni [5], Cu [6], 
and Pd [7] complexes containing liquid crystals were reported and generated much 
enthusiasm. Much less attention was devoted to organotransition melallomesogens. 
Monosubstituted [8] and 1,1 '-disubstituted [9] ferrocene-containing liquid crystals were 
reported, and the first family of mesogenic (butadicnc)iron-tricarbonyl derivatives was 
recently described [1O]. 

Ferrocene-containing liquid crystals are interesting for three major reasons: /) they 
have a high thermal stability, giving rise to reversible transitions without decomposition. 
/7) they are soluble in common organic solvents, making their characterization straight­
forward, and Hi) their three-dimensional structure offers multiple possibilities for the 
design of substituted derivatives. These properties prompted us to undertake a systematic 
study to exploit the ferrocene as a valuable organometallic unit to be incorporated into 
mesogenic materials. 

Recently, we reported the first 1,3-disubstiluted ferrocene-containing metallomeso-
gens and showed, by comparison of their mesomorphic properties with those of the 

') Purl of Ph.D. Thesis of J-L. M. and of J. S. 
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corresponding l.l'-isomeric structures, lhc strung influence of structural isomerism on 
the liquid-crystal behavior [M]. Indeed, the l.l -disubsliiutcd ferrocene derivatives were 
cither monolropic or non-mesogenic. while the 1.3-disubstiluled ones showed, in all 
cases, enantiotropic behavior with a wide anisotropic domain. These results clearly 
demonstrated that fine tuning of the mesogenic properties was possible, and that the 
substitution positions were of prime importance for obtaining stable mesophases. 

To further investigate the importance of structural parameters on the liquid-crystal 
behavior, we decided to examine the influence of the functional groups present in the rigid 
organic part. It was already known, from studies performed on organic liquid crystals. 
that the nature and the stability of the mesophases strongly depend on the type (ester. 
amide, or imine)and on the direction (OOC or COO) of the connecting functional croups 
[12]. 

In the present paper, we describe the synthesis, characterization, and mesogenic 
properties of two series of U'-disubstituled fcrrocencs which differentiate in the orienta­
tion of the central ester functions linking aromatic rings. 

Results and Discussion. - Syntheses. The investigated ferroccnes I and Il were synthe­
sized by esicrification offcrrocene-1.1 '-dicarbonyl dichloridc [ 13] with the hydroxy-cstcrs 

^ ^ ,0 o / = , 

/ = \ O Ov . . 

o—<\ />-o 

. ^)-OCnH2n., 

la-n.p.r 

llb-l,n,p,r 

4 (Scheme I) and 9 (Scheme 2), respectively. The reactions were performed in CH,C1, 
under reflux in the presence of Ei1N. Purification by column chromatography and 
crystallization (see Exper. Part) gave the targeted ferrocene derivatives in good yields. 

The hydroxy-esters 4 (n = 1-8 [14], 9. IO [15], 11-14. 16 [16], 18) were prepared 
following two different pathways (Scheme I). The 4-(alkyloxy)benzoic acids la (n = 1-
12. 14) [17] were converted into the corresponding acyl chlorides lb (n = 1-12, 14) with 
SOCI,. These were reacted with hydroquinone monobenzyl ether (2) in CH2CI2 under 
reflux in the presence of Et1N to give 3(n = 1-12. 14). Removal of the benzyl protecting 
group under standard conditions (H,, Pd/C) in EtOH/CH:CI: gave 4 (n = 1-12, 14). 
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Srlifiuc J") 

H ^ - c n o - ^ - ( • 

1a X = OH 
b X = CI 

Pyridine H 0 ~ O ~ 0 H 

5 

HO-

" î 

/ — \ CH2Ci2, A u r n— 

J \_ 0 B n • H^'C"° 
V _ ? Et3N 

2 

_ . . C J O - £ > — ^ / = \ 

°~v-/~0H 

4 

V / 

3 n = 

H2 

Pd/C 

O 

1-12. 14 

EtOH 

CH2CI2 

Br* = benzyl 

*) Esicrs 4 with n = 1-12, 14 were prepared following lhc protection/dcproteciion route ITO 3, and esters 4 with 

n = 13, 16, 18 were prepared by the direct route. 

Alternatively, the hydroxy-esters 4 (/< = 13, 16, 18) were obtained in one step, following 
the literature procedure [14], from 4-(alkyloxy)benzoyl chloride lb (n = 13, 16, 18) and 
hydroquinone (5) in pyridine. Hydroxy-esters 4 prepared following the protection/depro-
tection route were easily purified by crystallization (see Exper. Part), but those obtained 
by the direct route required purification by column chromatography and crystallization. 
Therefore, the indirect reaction sequence proved more efficient. 

To avoid column chromatography during the purification stage (see above), the 
hydroxy-esters 9 (n = 2-8 [18-20], 9-12, 14, 16, 18) were synthesized following a protec-
tion/deprotection procedure. The 4-(benzyloxy)benzoic acid (6a) was treated with SOCl3 

to give acyl chloride 6b (Scheme 2). Reaction of 6b with 4-(alkyloxy)phenols 1 (n = 2-12, 
14, 16, 18) [21] in CH:C1, under reflux in the presence of Et3N and catalytic 4-pyrro-
lidinopyridine gave esters 8 (/1 =2-12, 14, 16, 18). Removal of the benzyl protecting 
group (H2, Pd/C, EtOH/CH2Cl2) afforded 9 (n =2-12, 14, 16,18) which were purified by 
crystallization from hexane. 

BnO- + HO -OCnH2n,, 

Sell cm- 2 

CH2CI2. A 

EhN 

BnO-
-OCnH2n,, 

6a X = OH 
b X = Cl 

HO W // ö >\ //—OCnH2n,, 

9 n = 2-12, 14. 16, 18 

H2 

Pd/C 

EtOH 

CH2CI2 

Bn = benzyl 
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M exogenic Properties. The disubstitulcd ferrocenes I and H were characterized by a 
combination of differential scanning caiorimetry (DSC) and thermal polarized optical 
microscopy. The transition temperatures and enthalpy changes are reported in Tables I 
and 2, and the phase diagrams arc illustrated in Figs. I and 2. The mesomorphic proper­
ties of If—h (n = 6-8) were recently reported [11]. 

None of the ferrocenes of type ] showed liquid-crystal behavior on heating. They 
clearly and directly melted into an isotropic liquid. The melting point decreased, as the 
number of C-atoms in the alkyl chain increased up to n = 8. Then, the crystal-to-liquid 
transition temperature reached a limit value at ca. 165-170°. On cooling from the 
isotropic melt, the first members of the series, la-f (n - 1-6), gave rise to a monotropic 
ncmatic phase. The mesophase was identified by the appearance of nematic droplets [22] 
and by the formation of a typical nematic schlieren texture. A representative example is 
shown in Fig.3. Comparison of the difference between the melting point and the crystal­
lization temperature {Fig. I ) would seem to indicate that insufficient supercooling of the 
isotropic melt probably prevented ïg-n,p,r (n =7-14, 16, 18) from forming mesophascs. 

More complex mesomorphic properties resulted from the scries II. The derivatives 
with a short alkyl chain, lib—d (n = 2-4), gave only a monotropic nematic phase. Com­
parison of the crystal-to-liquid transition temperatures between 1 and Il showed that the 
members of series II always melted at a lower temperature than their corresponding 
isomer I. During the first heating, compound He (n = 5) showed an enanliotropic ne­
matic mesophase over a very narrow anisotropic domain (2°), while the nematic phase 

Table I. Phase-Transition Temperatures T (°C]a) and Enthalpy Changes AH [kJ/mol] of Ferrocene Derhxithies I 
During the First Heating-Cooling Cycle 

Ia 
Ib 
Ic 
Id 
Ie 
If 

"E 
Ih 
Ii 
Ij 
Ik 
Il 
Im 
In 

•P 
Ir 

n 

I 
2 
3 
4 
5 
6 
7 
S 
9 

10 
Il 
12 
13 
14 
16 
18 

T[AH) for transitions 

C,/C:
b) 

-
192") (13.9) 
I56d)(l3.5) 

-
-

161dH25.0) 
157d) (9.9) 

-
-
-

96") (60.4) 
98ü)(52.2) 

103(66.01")) 
101(64.71')) 
97(28.1) 
SS (44.0d)) 

CM/I 

238(77.4) 
226 (69.2) 
217(70.4) 
210(81.2) 
178(71.2) 
172(40.8) 
169(46.0) 
167(63.3) 
170(68.6) 
170(68.0} 
168(65.5) 
167(71.0) 
167 (68.8) 
166(72.9) 
165(70.3) 
163(67.7) 

N/l 

I87c)(2.6) 
203e) {3.4) 
176e) (3.6) 
176e) (3.6) 
159e) (3.4) 
153e) (3.0) 

-
-
-
-
-
-
-
-
-
-

Recryst. 

141 
144 
141 
153 
138 
140 
156 
153 
155 
159 
161 
159 
158 
159 
156 
155 

") C = crystal: N = nematic phase: 1 = isotropic liquid. 
h) Dependent on the crystallization condii ions during the purification stage. 
e) Value for monotropic transition. 
d) Observed during the first healing cycle only. 
f) A smaller value was measured during the second healing cycle. 
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Table 2. Phase-Transition Temperatures T [0C]") and Enthalpy Changes AH [ld/mol] of Ferror.ene Dninaiincs H 
During the First Healing-Cooling Cycle 

Hb 
Hc 
Hd 
Hc 
Hf 

""B 
Hh 
Hi 

•ij 
Hk 
III 
Mn 
Hp 

n) 
b) 
c) 
d) 
e) 
') 

/i 

2 
3 
4 
5 
6 
7 
8 
9 

10 
Il 
12 
14 
16 

C = crystal; 

T(AH) for transitions 

C,/C2
h) 

-
-
-
-
151') (8.6) 

-
-
153 (4.6) 

-
-
I53(d)) 
149(")) 
I45(d)> 

N = nematic ph 

Cu2ZI 

186(51.5) 
182(66.3) 
164(55.5) 

-
167(51.7) 
165 (68.3) 
164(73.8) 

-
-
-
-
-
-

C,-j/SA SA/N 

-
-
-
-

1487) 
-
-
I60(d)) -
156(70.4) -
155(73.1) -
I55(d)) 
I53(d)) -
152(d)) -

SA/I 

-
-
-
-
-
154e) (5.9) 
157e) (8.3) 
163(¾ 
165 (9.9) 
167(10.6) 
169(11.5) 
169(11.0) 
166(12.9) 

ise;SA = smelic-A-phase; I = isotropic liquid. 
Dependant on the crystallization conditions during the purificai 
Value for monoiropic transition. 
Not measurable due to peak 
Observed by 
Observed di 

overlap. 
means orpolarized-iighl microscopy only. 
ring the first he: ting cycle only. 

ion stage. 

C 

-
-
-

-2/N 

I54(d)) 
-
-
-
-
-
-
-
-
-

N/l 

177e) (.1.1) 
144cKd)) 
157e} (3.2) 
156e) 
161e) (4.0) 

-
-
-
-
-
-
-
-

Ree r y st. 

155 
141 
123 
124 
135 
136 
139 
133 
132 
134 
135 
132 
131 

Temp.[°C] 250 

2 0 0 -

150 -

100 

Alkyl chain length [n) 

Fig. I. Phase diagram offerrocenes I. 
• : Melting point; O : isotropic liquid/nematic transition; D : recrystallization. 

C = crystal; I = isotropic liquid; N = nematic phase. 



N 70 

Temp.[0C] 200 

180 

160 ~ 

I f H V l I ICA ('MIXlI(A A( IA Vol 7M1W.1) 

140 -

120 

100 "i 1 1 i r i i i r 

4 6 8 10 

Alkyl chain length [n) 

Fig. 2. Phase diagram offerrocenes II- • : Melting point; • : nemaiic/isoiropic liquid transition: A : smeciic-A/ 
isotropic liquid transition: O : isotropic liquid/rtematic transition; A : isotropic liquid or ncmatic/smectic-A 

transition; D: recrystallization. C = crystal; I = isotropic liquid: N = ncmalic phase: SA = smcciic-A phase. 

only appeared at the phase transition to the liquid itself during the second heating. This 
behavior was due to the fact that the cooling process generated a crystal phase which was 
very different to the one used in the initial heating. The derivative Hf (n = 6) yielded two 
monotropic mesophases, a nematic phase and a smectic-A one. Further increase of the 
alkyl chain length caused the disappearance of the nematic character and led to smectic-A 
liquid crystals which were first monotropic, Hg1 h (n = 7,8), and then, from Hi (n = 9) on, 
enantiotropic. The smectic-A range broadened from 3° (Hi (n = 9)) to 16° (IJn (n = 14)). 
During the cooling run, compounds HI (n = 12), Hn (n = 14), and Hp (n = 16) showed, 
after the smectic-A solid transition, an additional crystal-to-crystal modification, which 
could be clearly detected by DSC and optical polarized microscopy. 

An interesting phase-iransitions sequence was observed for Hr (n = 18; Scheme 3). 
On heating, a crystal-crystal transition appeared at 102°. At 143°. the material melted to a 
smeclic-A phase, but, at !47°, recrystallized again into a new crystalline form. This lauer 
melted at 150° to a smectic-A phase whose clearing temperature was found lo be 163° 
(AH = 12.2 kJ/mol). On cooling from the isotropic liquid, the smectic-A phase formed 
at 162°. Crystallization of the material was observed at 136°. followed by another 
crystal-to-crystal transformation at 132°. This melting-recrystallization process on heat­
ing (crystal 2-»smectic A-*crystal 3) results in a reorganization of the molecules in the 
mesophase giving rise Jo a more stable crystalline form. Such behavior was already 
observed for different types of liquid crystals [23]. 



Hg. 3. Rcprisciitiitiin- thermal polarised aptnul micrograph of the nematk schlieren texltm displayed l<\ It (*i >i 
u/Hill COoïblg /ruin the isotropic liquid lu I.ÏV ( IOO x ) 

Fig. 4. Represcntatinc thermal polarized optical micrograph of the local-conic texture displayed h\ I Il ( n = 12) in the 
smectic-A phase upon cooling (som the isotropic liquid to 164° (200 x ) 
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• Schirme .ì. I'luisc-Tiiiiisiiiiiii Tcinpcmturfi •<! Hr in — 1X| 

|{P°C ]43°C 147°C 150T 163°C. 
Crystal I — - — Crysial 2 '• •- SmeciicA •- Crysnil 3 •- Srneclic A ̂ = Z ^ T Isotropic liquid 

1620C 
136°C 

Firsi crystallization fomi 

|l32°C 

Second crysial lizaiion form 

In all cases, the smectic-A phase was identified by means of polarized-Iight mi­
croscopy from the observation of both homeotropic and focal-conic textures. A represen­
tative example of a focal-conic texture is given in Fig. 4. 

The results reported above clearly demonstrate the strong influence of the central 
linking ester function on the mesomorphic properties. An explanation of this influence 
can be attempted on the basis ofslructural and electronic considerations. By analogy to a 
1,1 '-disubstituled ferrocene-containing liquid crystal, whose structure was recently deter­
mined by X-ray diffraction [24], we can assume that ferrocenes I and II adopt the 
trans -conformation (S shape; see Formulae). In such a conformation, derivatives I and II 
exhibit a C2 axis of symmetry which is perpendicular to the plane carrying the sub-
stituents. Therefore, local, rather than overall effects must be taken into consideration for 
understanding the difference between I and II at the structural level. 

The organic fragments A and B are used for constructing I and II, respectively. 
Comparison of the two isomeric structures reveals interesting characteristics for each 
moiety. Firstly, in A, electron derealization can occur from the O-atom of the alkoxy 
chain to the ester function. Thus, mesomerism takes place in the external part of the 
organic fragment. However, in B, electron derealization appears in the interior of the 
organic core and in the opposite direction. Consequently, the O-atom of the ether group 
is more polar in A than in B. Secondly, examination of CPK models indicate that rotation 
could occur around some C-C bonds: in B, the rotation is probably more restricted than 
in A as it requires the motion of a larger molecular fragment. 

A combination of both electron derealization (electrostatic interactions) and rota­
tional motion (rigidity of the organic rod) presented above is probably at the origin of the 

•£ /=\ =. ( /=\ OP 
. /C^O-- S^^W ^ 1 

=v W V - ' 7 ^ 
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different mesomorphic behavior observed between 1 und I I . These observations are in 
agreement with literature data [12] obtained for wholly organic liquid crystals, it is 
important to point out thai I he electronic and structural features of A do not prevent the 
formation of stable liquid crystals. Indeed, the 1.3-isomcric analogues {n = 6-8) of I gave 
rise to large enantiotropic ncmatic mcsophascs [I I]. Most likely, the highly anisomelric 
structure of the 1,3-ferroeene derivatives was responsible for such a behavior. 

In conclusion, we have shown with the present results and with those recently pub­
lished [11] that electrostatic interactions and geometrical and structural features can be 
used to engineer the stability and nature of the mcsophasc for disubstitutcd ferrocene-
containing liquid crystals. 

We acknowledge Prof. J. W, Gtmdhy, University of Hull. England, for invaluable discussions and Tor !lis help 
in ine characterization of com pounds Hc and Hr. We thank Ciha-GcigySA. Switzerland, for financial support to 
J.-L. AY. and for the elemental analyses, and l'eri« OeI AG. Germany, for a generous gift of ferrocene-l.l'-dicar-
hoxylic acid. 

Experimental Pari 

General. 4-(Alkyloxy)benzoic acids Ia [17). 4-(alkyloxy)pheno!s 7 (I8|, und I'eiTOCcnc-IJ'-dicarbonyl dichlo-
ride |I3] were prepared following literature procedures. Hydroquinone monobenzy] ether (2: Fltiku AG). hy-
droquinone (5: Fluka AG). and 4-(benzyloxy)benzoic acid (6a: Fluka AG) were used without further purification. 
Mesogenic properties of 3 and 8 will be reported separately. Column chromatography (CC): silica gel 60 (0.063 
0.200 mm, Merck). TLC: silica-gel plates {Merck). M.p.: Bikhi-5 U) inst rumeni: uncorrected. Transition temp, mid 
enthalpies: differential scanning calorimeter {Mailer DSC 311) connected to a Meiiler-TA-3l)l!0 system: rate 
IO°/rhin: under N2. Optical studies: Zeiss-Axitiscop polarizing microscope equipped with a Linkam-THMS-6011 
variable-temperature stage: under Ni . 1H-NMR Spectra: Bruker-AMX-400 spectrometer at 400 MHz; in CDCl1 

rei. lo the internal reference TMS. !Elemental analyses: Ciba-Geigy SA. Marly. Switzerland. 

M.p. and elemental analyses of all new compounds are reported below. Further anal, and spectroscopic data 
of 3 [25], 4 [25], I [25], 8 [26]. 9 [26|. and I I [26] are available upon request from the authors. 

4-(Benzyloxy/phenyl 4-Meilwxybcnzoaic (3a. n = 1). A misture of4-meiho.\ybenzoicacid ( la. /r = I: 3.45 g, 
22.5 mmol) and SOCI; (16 g) was heated at reflux for 2 h. The excess of SOCU was removed under vacuum. The 
acyl chloride lb was csterified with hydroquinone monobenzyl ether (2: 4.95 g. 24.7 mmol) in dry CH : CI : (50 ml) 
under reflux for 2 h in the presence of EtjN (2.28 g. 22.5 mmol). The soin, was cooled to r.l.. washed with sat. 
NaHCO1 soin, and sat. NaCl soin., dried (MgSOj). and evaporated. Purification of the resulting residue by CC 
(hcxane/AcOEt 2:1) and by crystallization from CH2C]2ZEtOH gave 3a (n = 1: 6.26 g. 83%). White solid. R1 

(hexanc/AcOEt 2:1) 0.42. M.p. 141°. 1H-NMR: 3.90 (s. MeO): 5.07 <*. PhCH2): 6.98 (rf. 2 arom. H): 7.01 {d. 
2arom. H): 7.11 (r/, 2 arom. H): 7.33-7.45 (»i. 5 arom. /VrCH2): 8.15 U/. 2 arom. H). Anal. cale. forC : iH ,g0 4 

(334.38): C 75.43, H 5.43: found: C 75.05. H 5.47. 

Compounds 3h-l. n(n = 2-12, 14) were prepared according to the above procedure in 75-85% yield from the 
corresponding acid Ia (>i = 2-12, 14). Selected anal, data: Table 3. 

4-Hydroxyphenyl 4-Mcilui.\yhei\zouse (4a. n = I). A mixture of 3a {n = 1: 2.0 g, 6.0 mmol). 10% Pd/C 
(0.20 g), and CHiCli /ElOH 1:5 ( 150 ml) was shaken overnight under H2 (20 bars). The solids were removed by 
filtration, and the soin, was evaporated. The resulting residue was crystallized from litOH/pentane: 4a (n = I: 1.43 
g. 98%). White solid. M.p. 156°((I4|: 156°). 1H-NMR: 3.90 (.v. MeO): 5.39 (bi.. O l l i : 6.79 U/. 2 arom. H i : 6.98((/. 
2 arom. H): 7.02 (r/. 2 arom. H): 8.15 (d. 2 arom. H). 

Compounds 4b-l, n(n = 2-12. 14) were prepared according to the above procedure in 90-95% yield from the 
corresponding protected ester 3 (n =2-12. 14). Selected anal, data: Table 4. 

4- Hydroxy-phenyl 4-fTridecyloxy fhcnzoaie (4m. /i = 13). A sohl, of ta {it = 13: 1.8 g. 5.6 mmol) and SOCI2 

(15 g) was stirred under reflux. After 2 h. the excess of SOCl2 was removed under vacuum. A mixture of the acyl 
chloride, hydroquinone (5: 3-IOjj. 28.2 mmol), and dry pyridine (35 ml) was stirred at r.l. for 24 h. The mixture was 
poured onto 2s HCl (200 ml) and a solid precipitated. This lauer was recovered by filtration, stirred with sal. 
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a 
b 
C 

d 
C 

f 

g 
h 
i 

j 
k 
I 
n 

P 
r 

r\ 

I 
-} 

3 
4 

5 
6 
7 
8 
9 

IO 
II 
12 
14 
16 
18 

HmVi: 

Table 3. .SW,' 

Calculated 

%C %! l 

75.43 
75.84 
76.22 
76.57 
76.90 
77.20 
77.48 
77.75 
78.00 
78.23 
78.45 
78.65 
79.03 
79,37 
79.68 

5.43 
5.79 
6.12 
6.43 
6.7! 
6.98 
7.22 
7.46 
7.67 
7.88 
8.07 
8.25 
8.58 
8.88 
9.15 

"['[("A QlLMiC. 

cti-d Analytic 

3 

M.p. 

141 
143 
126 
109 

129 
121 
110 
95 
96 
97 

100 
101 
102 
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al Dani ofC 

|°C ] %C 

75.05 
75.57 

76,25 
76.54 
76.79 
77.22 
77.46 
77.69 
77.96 
78.18 
78.34 
78.62 
78.62 

unipoiouls 3 und8 

' / J l 

5.47 
5.48 
6,05 
6.38 
6.63 
7.05 
7.14 
7.49 
7.76 
7.9.1 

7.98 

8.31 

8.66 

8 

M.p. 

!37 
148 

!35 
131 
118 
122 
126 
125 
122 
122 
120 
119 
119 

MS 

[0C] % C 

75.90 

76.31 

76.39 

76.86 

77.07 

77.34 

77.77 

77.95 

78.22 

78.28 

78.35 

78.99 

79.32 

79.71 

%H 

5.79 

6.17 

6.58 

6.70 

7.13 

7.33 

7.52 

7.65 

8.00 

8.07 

8.37 

8.83 

9.00 

9.29 

Table 4. Selected Analytical Data of flydrosy-esters 4 und 9 

i 
li 
I 
m 

n 

P 
r 

n 

9 

II 
12 
13 
14 

16 
18 

Calculated 

%C %H 

74.13 
74.97 

75.34 

75.69 
76,02 
76.61 
77.14 

7.92 
8.39 
8.60 
8.80 

8.98 

9.31 
9.61 

4 

M.p. 

109 
1)1 

113 
113 
115 

117 

[0C] \%c 
74,11 

75.03 
75,05 
75.70 
76.18 

77.23 

%H 

7.87 

8.43 
8.61 
8.90 
9.06 

9.89 

9 

M.p. 

150 
< 141 

139 

138 
131 
134 

[°C] I %C 

73.93 
74.93 

75.31 

75.90 
76.67 

77.02 

%H 

7.98 
8.34 

8.83 

8.89 

9.50 
9.35 

K 2 C O 1 soin., and f i l tered. Pur i f icat ion by CC (hexane/AcOEi 3:1) and crystal l izat ion f rom C H 2 C I : / E l O H af­

forded 4m {« = 13: 1.35 g. 58%) . Whi te sol id. Rf (hexane/AcOEt 2:1)0.44. M.p . 113°. 1 H-N 1 MR: 0.88 ( / . M c ) : 1.27 

(m. ( C W 2 M C H , ) , 0 ) ; 1.47 (»r. CW 2 (CH 2J 2O); 1.82 {m, C K 2 C H 2 O ) : 4.04 </. C H 2 O ) : 5.32 (br., O H ) ; 6.79 (d, 2 a rom. 

H ) : 6.96((/. 2 a r o m . H ) : 7.02 (d.l a rom. H ) : 8. \2(d. 2 a r o m . H) . Ana l . cale. TOrC2 6H3 6O4 (412.57): C 75.69, H 8.80: 

found : C 75.70. H 8.90, 

Compounds 4p. r {n = 16. 18) were prepared according to the above procedure in 6 0 - 6 5 % yield f rom lhc 

corresponding acid Ia Ui = 16, 18). Selected anal, data: Table 4. 

Bis/'4-('4-int'tlia.xyhciiîurfaxy ) phenyl j Ferrocene-1,1'diairlm.xy Iole ( Ia . /i = 1). A soin, o f ferrocene-1.1 '-diear-

bonyl dichlor ide (50 mg. 0.16 mmol ) . 4a in = 1: 94 n ig. 0.38 mmol) , dry lEt?N ( 14 nig. 0.32 mmol ) , and d ry C H : C I 2 

(5 ml) was heated at reflux f o i 2 h. The soin, was cooled to r.t.. washed w i th sat. N a H C O , soin., dried (MgSO 4 ) . and 

evaporated. T h e result ing residue was pur i f ied by C C ( C H . C U A c O E t 50:1) and crystal l izat ion f rom C H 2 C l 2 

E l O H : Ia (86 mg. 75%) . Orange sol id. K, ( C H 2 C l 2 ; A c O E l 24:110.59, 1 H - N M R : 3.90 (.v. 2 M e O ) : 4.62 ( / . 4 H . Cp) : 

5.08 (t. 4 H. Cp ) : 6.97 Id. 4 a iom. H ) : 7.2t (d, 4 arom. H ) : 7.25 Ul. 4 a rom. H) ; 8.14 (,/. 4 a rom. H) . 

Ferrocene derivatives lb-n. p. r( '/ i = 2-14. 16. 18) were prepared according to the above procedure in 75 -85% 

yield f rom the corresponding hydroxy-ester 4 (« = 2 14. 16. 18). Selecied anal, data : Table 5. 

4-Eilio.xyphenyl 4-(Benzyloxyjbenzoaic (8b. n = 2). A mixture o f 4-(nenzyloxy)bcnzoic acid (6a). SOCI 2 (13 

ml). D M K ( I d rop ) , and dry C H 2 C I 2 (10 ml) was heated under reflux for 1.5 h. The mixture was cooled to r.t. and 

evaporated. The acyl chloride 6b was dissolved in dry C H 2 C U (5 ml) and added, dropwisc. to a soln. o f 

4-ethoxy phenol (7. n = 2; 3.02 g. 21.9 mmol ) , d ry Ei-,N (2.22 g. 21.9 mmol) , and a cat. a mo urn o f 4-pyrro l id inopy-
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Tabic 5. Elemental Analyses of Ferracene* I unci Il 

a 
It 

C 

d 
C 

t 

R 
h 

H 

1 
2 

3 
4 

5 
6 
7 
8 

Gì ltul 

%C 

66. i 3 
66.85 
67.53 
68.15 
68.74 
69.28 
69.80 
70,28 

I a led 

%I4 

4.16 
4.54 

4.89 
5.22 
5.53 
5.81 
6.08 

6.33 

I 

%C 

65.85 
66.68 
67.39 
68.07 
68.67 
69.19 
69.84 
70.38 

%H 

4.24 
4,58 
4.82 
5.08 
5.42 
5.89 
6.01 
6.30 

H 

%C 

66.77 
67.38 
68.09 
68.74 
69.28 
69.71 
70.19 

%H 

4.58 
4.92 
5.32 
5.62 
5.89 
6.14 
6.48 

i 

J 
k 
I 
m 
n 

P 
r 

n 

9 
10 
11 
12 
13 
14 
16 
18 

Gi leu I 

%C 

70.73 
71.16 
71.56 
71.94 
72.30 
72.65 
73.28 
73.86 

lined 

%H 

6.57 
6.80 
7.01 
7.21 
7.39 
7.57 
7.91 
8.21 

I 

%C 

70.63 
71.14 
71.54 
72.02 
72.35 
72.56 
73.03 
73.82 

%H 

6.70 
6.74 
6.93 
7.38 
7.44 
7.59 

8.05 
8.36 

I l 

%C 

70,65 
71.18 
71.56 
71.89 

72.58 
73.19 
73.97 

%H 

6.54 
6.92 
6.98 
7.38 

7.72 
8.01 
8.29 

rìdine in dry CH1CU (5 ml). The mixture was heated under reflux l'or 3 li, cooled to r.l.. and evaporated. 
Crystallization orihc resulting residue from EtOH gave 8b(n = 2; 7.25 g. 95%). White solid. M.p. 137°. 1 H-NMR: 
1.42 (i. Me); 4.04 <"<,, CH2O): 5.16 is. PhCW2): 6.91 {d, 2 arom. H): 7.05 (d. 2 arom. H); 7.10 (d. 2 arom. H); 
7..15-7.46 0". /VzCH2): 8.14 (r/. 2 arom. H). Anal. cale, for C22H211O4 (348.40): C 75.84. H 5.79; found: C 75.90. 
H 5.79. 

Compounds Rc-I.'n. p. r {n = 3-12. 14. 16. 18) were prepared according to the above procedure in 80-90% 
yield from the corresponding 4-(alko.\y)phcnol 7 (n = 3 - 1 2 , 14. 16. 18). Selected anni, data: Tuhle J. 

4-Etlioxyphciiyl 4-11ydroxyhenzoote (9b. >, = 2). A mixture of 8b (H = 2; 7.25 g, 20.8 mmol), 1(1% Pd/C (0.72 g) 
and TH 17CH2CI2 (100 ml) was shaken overnight under H2 (4.5 bar). The solids were removed by filiration and the 
soin, evaporated. The resulting residue was crystallized from hexanc: 9b (/i = 2; 3.44 g, 64%). White solid. M.p. 
207ofjl8|: 204-207°). 1H-NMR: 1.42(/. Me): 4.04 (C1CH1O); 5.43 (br.. OH): 6.90 (rf, 2 arom. H): 6.92 (rf, 2 arom. 
H); 7.10 (il, 2 arom. H); 8.11 (r/, 2 arom. H). 

Compounds 9c-l. n. p. r (n = 3-12. 14. 16. 18) were prepared according to the above procedure in 70-90% 
yield from the corresponding protected estero (» = 3-12, 14. 16. 18). Selected anal, data: Tabic 4. 

Risf4-(4-etlioxyphcnoxycarboi,yl/phenyl] Ferrocene-1.1'-dicarboxytatc (Mh, n = 2 ) . A soln. ferrocene-1.1-
dicarbonyldichloride{70mg. 0.282 mmol). 9b (n = 2; 146 mg. 0.564 mmol), dry ËijN (57 mg. 0.564 mmol), and a 
cat. amount of4-pyrrolidinopyridine in dry CH2CI2 (10 ml) was heated under reflux for 3 h. The sohl, was cooled 
io r.t. and evaporated. The resulting residue was purified by CC (CH ;Cl ; /AcOEl 10:1) and crystallization from 
ElOH/CH2CI2: Hb (183 mg. 86%). Orange solid. R((CH:Cl2/AcOEt 10:1 ) 0.78. 1 H-NMR: 1.43 (t. 2 Me); 4.04 (a. 

2 CH2O); 4.66 (i. 4HCp): 5.10 (/. 4 H. Cp); 6.91 (d, 4 arom. H): 7.10 (r/. 4 arom. H); 7.33 Ul, 4 arom. H); 8.20 id. 

4 arom. H). 

Ferrocene derivatives Mc-I, n, p. r (n = 3-12, 14, 16, 18) were prepared according to the above procedure in 
70-90% yield from the corresponding hydroxy-cster 9(n = 3 - 1 2 , 14, 16. 18). Selected anal, data: Table 5. 

REFERENCES 

[IJ A.-M. Giroud-Godquin. P.M. Maitlis. Ange»: Client. Int. Ed. 1991. SO. 375; P. Espine!. M. A. Esteruelas, 
L. A. Oro. J. L. Serrano. E. Sola, Coord. Chen,. Rev. 1992. It?. 215. 

[2) O, Poizai.D.P.Sirommcn. I'. Maldivi, A.-M. Giroud-Godquin. J.-C. Marchon, l/iory. Cliem. 1990,29.4851; 
J. Barbera. M. A. Estcruelas. A.M. Levclut. L. A. Oro. J. L. Serrano. E. Sola. ibid. 1992, j / . 732. 

[3) R .H.Cayton . M.H. Chisholm. F.D. Darrington. /f^eir . Client. Int. Ed. 1990,29. 1481. 

[4] E. D. Cukiernik, P. Maldivi. A.-M. Giroud-Godquin. J.-C Marchon. M. Ibn-Elhaj. D. Guillon. A. Skoulios. 
Ua. Crysi. 1991,9,903. 

|5j K. Olila. Y. Morizumi. H. lima. T. Fujimoto, E Yamamoto. Mol. Gysi. Ui/. Gysi. 1991, .YW. 55. 
|6] D. Lelièvrc. L. ßosio. J. Simon. J.-J. André. F. Benscbaa. J. Am. Chen,. Soe. 1992. 1/4. 4475. 
[7] M. Ghedini. S. Morrone. G. De M unno. A. Crispini. J. Organomct. Chcm. 1991, 415. 281. 
[8] J. Malthêie, J. Billard. Mot. Cryst. Lio. Gysi. 1976,34. 117. 
[9] J. Bhatt .B.M. I=1UIiC. K.M. Nicholas, C - D . Poon. J. Chem. Soc. Chcm. Commun. 1988, 1439;.!. Bhatl. Ü.M. 

Fung. K.M. Nicholas. J. Orgo/iomci. Chem. 1991. -//J. 263: P.Singh. M. D. Rausch. R.W. Lenz. Lio. Cryst. 

1991,9. 19:J.Bhau. B.M.Fung. K.M.Nicholas ,*«/ . 1992,12. 263: K. P. Rcddy.T. L. Brown, ,bid. 1992.12. 
369. 



87f> Mn.ViT i (A O H M I C A A C T A W L T M I 1 W i 

[HI] L. Z i i i i i i i sk i . J. Mal i l tê ic . . / . Clicm. .SVn-.. Chi-m. Commuti. 1990, 1445. 

|I11 R. Deschenaux. . l . -L Marciul«?.. J. Chvm. . W . . Clin». Commun. 1991, W ) . 

[12] V. Sakurai . S. Takenaka. H. Miyakc. I I . M o l i l a . T . I kcn io io . ./. Chvm. Sor., l'vrkìii Trans. 2 1989, 1199: 

H. Takedi i . Y. .Sakurai, S. Takenuka. H. M iyake . T . D o i . S. Kusabayashi. T . Taka j i i . . / . Chvm. Sm:. l-'uroility 

Trims. 1990, ,VA. 3429: R. Ccninrc. M. R. Cia jo lo . A. Roviel lo. A . Sir igi t . A . Tuz i . Lk1. Cryst. I W I . 9. U73. 

[ I 3 | K W . K unblock. W . U . Rauscher. J. l'ohm. Svi. 1961..W. 651. 

[14| S.A. Miiut. D .C. Schroetter. J. P. Schrocder../. Org. Chvm. 1972. .17. 1425. 

[15] M . Marcos. A . O inenm. J, L. Serrano. T, Sieri ; ! , Chvm. Mutn: 1992. 4. 331. 

[ I 6 | V. N. Tsvc lk tH . I .N . Shic i in ikova. G. K Ku lb ina , S.V. I tushin. A . I . Mashosl t in . P .N . L a u e n k o . A . A . 

B a l l i m i . Y u . l ì . An ier ik . Vysukomol. S'ivilin.. Svi: A I9S5. 27. 319. 

| I 7 | C M . Rcnncit. H. Jones. J. Chvm- Sue. 1939.420; M . Iked«. T . Malakcyama, MoI. Crisi. Uq. Cryst. 1977. .('A 

109. 

( IXl J. P. Van Meier. B. H. K landerman. .Ww/. Cryst. Lit/. Cryst. 1973, 22. 285. 

[I9J M J . Deutscher. Dissertat ion. Mar i i n -Lu thc r -Un ivc rs i ta i . 1980. O 4020 Halle. 

[20J IE. Ch in . .1. W. C.oodby. Moi. Cryst. Lh1. Cryst. 1986. 141. 311. 

| 2 ! | l i . K lan iK inn . L. W. Gntyas. V. A. Slucrnov. J. Am. Chvm. Sm: 1932. 54. 29S: MAi. Neuhei t . S J . Laskus. 

L J . Maurer . L .T . Car l ino. J. P. Ferraio. MoI. Cryst. / .« / . Cryst. I97H, 44. 197. 

[22] H. Dcmus. L. Richter. "Textures o f Liquid Crystals". Verlag Chemie. Wein liei m. 1978. 

(23| Y . G . L in . H . H . Winter. Mturomohrith-s 1991,24. 2X77: J. Nam. T. J- 'ukauT. K y u . ihitl. I W L - V . 6 2 5 ( 1 : O . S . 

A l t a r d . C T . Imrie. K 1:. Karasz. Chem. Mtiivr. 1992.4. 1246. 

(24| M . A. Khan . J .C. l i l i a l i . H. M J - u n g . K . M . Nicholas. K Wachtel . Uq. Cryst. 19S9,.v2S5. 

[25| J.-L. Maretula/.. Ph. D. Thesis. University o f Neuchf t td. 1992. 

[26] J. Santiago. P h . D . Thesis. Univers i ty of Neuchâic l . in progress. 



mSCHUNG 206 
CHIMlA 47 (1993) Nr. 6 (Juni) 

Chimia 47(1993)206-210 
©Neue Schweizerische Chemische Gesellschaft 
ISSN 0009^f 293 

,3-Disubstituted Ferrocene-
containing Thermotropic Liquid 
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stract. Two families of 1,3-disubstituted ferrocene derivatives have been synthe-
ed and their liquid-crystal behavior investigated. Compounds of series I, (T/5-
H5)Fe[(7j5-C5H3)-l ,3-(COOC6H4OOCC6H4OCnH2^)2] (n = 1-14,16,18), exhibit-
remarkable mesomorphic properties. Indeed, nematic and/or smectic C phases, 
iociated with large anisotropic domains, were observed. Derivatives of series II, (rf~ 
H5)Fet(T75-C5H3)-l,3-(COOC6H4OC/IH2/,+1)2] (n = 1-9), were found to be non-
isogenic. The crystal and molecular structure of Ih (n = 8) was determined by means 
X-ray analysis. The crystallographic data confirmed both a highly anisometric 
ucture for Ih and a compact arrangement of the molecules in the crystal. The present 
;ults have shown that a critical length/depth ratio of ca. 5-7 must be passed for 
taining liquid-crystal properties. 

traduction 

In the last few years, increasing atten-
n has been paid to 1,1 '-disubstituted 
rocene-containing liquid crystals [I]. 
e possibility of studying metallomes-
cns possessing a novel three-dimen-
mal organometallic unit mainly moti-
ted these investigations. However, most 
the compounds studied thus far showed 
Iy limited mesomorphic properties. In-
ed, either monotropic smectic A or C 
ases [la], or narrow enantiotropic smec-
C domains [Id] were obtained. In other 

ses, the textures could not be identified 
3,C]. 

Recently, we [2] and others [Ie] re­
ported the first two series of 1,1'-disubsti­
tuted ferrocene derivatives which exhibit­
ed broad enantiotropic nematic and/or 
smectic A phases. These results clearly 
proved that the ferrocene framework is a 

valuable organometallic unit for forming 
metallomesogens having stable mes-
ophases, which prompted us to extend our 
investigations to other metallocenes. This 
led us to design the first 1,1 '-disubstituted 
ruthenocene-containing liquid crystals [3]. 
These latter compounds and their ferrocene 
analogues, series II in [2], exhibited sim­
ilar mesomorphic behavior [2][3] but dif­
ferent electronic spectra and redox poten­
tials [4]. This is of particular interest for 
the tuning of optical and electrochemical 
properties in organized molecular assem­
blies built up from metallomesogen-con-
taining building blocks. 

To explore the influence of substitu­
tion on the liquid-crystal properties, we 
have synthesized, for the first time, some 
ferrocene derivatives substituted in the 
1,3-positions [5]. Remarkable mesomor­
phic behavior resulted from these struc­
tures. Indeed, the latter gave rise to large 
enantiotropic nematic phases, while their 
1,!'-isomeric analogues [5], and series I 
in [2], exhibited either monotropic or 
non-mesogenic properties. Undoubtedly, 
the 1,3-disubstituted ferrocene deriva­
tives are interesting compounds and war­
rant special attention. Therefore, follow­
ing our preliminary investigations [5], 
we decided to study their structure-meso­
morphic properties relationship in more 
depth. 

We report herein two series of homol­
ogous 1,3-disubstituted ferrocene deriva­
tives which contain either two (series I) or 
one (series n) aromatic ring(s) on each 
side of the substituted cyclopentadienyl 
nucleus. Comparison of theirthermal prop­
erties, in addition to information obtained 
by means of X-ray diffraction for deriva­
tive Ih (n=8), allowed us to propose some 
structural requirements which must be 
satisfied for designing thermotropic 1,3-
disubstituted ferrocene derivatives. 

orrespondence: Prof. R. Deschenaux 
ivcrsité de Neuchâtel 
titut de Chimie 
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[-2000 Neuchâtel 

Part of the Ph.D. Thesis of J.-L M. 

H2n*1 

H2wiC„0-<Q-02( 

~*ö>~ 

I (n = 

^ -

II (#1 = 

C°2-0~°2C"Ö~ 

1-14,16,18) 

C ° 2 ~ { 3 ~ O C o H 2 n f l 

1-9) 



FORSCHUNG 207 
CHIMIA J7| I W l N r hiJunii 

Results and Discussion 

Syntheses. The ferrocene derivatives I 
and II were prepared by esteri fication of 
the ferrocene-1.3-diacid chloride [6] with 
the4-hydroxyphenyl4-(alkyloxv)benzoa-
ics (n = 1-14. 16, 18) (2|. and the 4-
alkyloxyphenols(/?= 1-9) [7], respective­
ly. The syntheses were carried out in dry 
CH2CI2 at reflux in the presence of Et3N. 
Purification by column chromatography 
I see Exper. Part) and crystallization from 
CH2CI2ZEtOH afforded the desired com­
pounds as orange solids. The structures 
were confirmed by 1H-NMR spectrosco­
py and elemental analysis. 

MesogeniC Properties. The thermal 
properties of I and II were investigated by 
a combination of differential scanning 
calorimetry (DSC) and polarized optical 
microscopy. The transition temperatures 
and enthalpy changes are reported in Ta­
ble I. and the phase diagram of I is illus­
trated in Fig. /. The mesomorphic proper­
ties of If-h (n - 6-8) have recently been 
reported [5]. 

The ferrocene derivatives Ia-k(«= I -
II ) displayed enantiotropic nematic phas­
es. Due to their high clearing tempera­
tures, the first members of the series, Ia-
C (n - 1-3), started to decompose when 
they reached the isotropic state. An in­
crease in the alkyl chain length led to a re­
gular decrease of the isotropization tempe­
rature. The crystal-to-nematic transition 
(Tc/N) increased slightly from Ia (Tc/N 

246°) to Ic (Tc/N 254°), then decreased 
rapidly as taras If(/, = 6)(TC/N 184°), and 
finally fluctuated around 175-180°. Com­
pound Il (n = 12) presented a monotropic 
smectic C phase, and an enantiotropic 
nematic one. The nematic-to-smectic C 
modification was observed by DSC as 
well as by polarized optical microscopy. 
Ferrocene derivatives Im. n. p (//= 13,14. 
16) gave two enantiotropic mesophases. a 
smectic C phase, and a nematic one. The 
smectic C range broadened rapidly and. 
inversely, the nematic one narrowed rap­
idly from Im to Ip. This evolution was 
further confirmed by Ir (n = 18). which 
exhibited only a large smectic C phase 
(20°). 

The mesophases were identified by 
observation of the textures in the different 
liquid crystal states. The nematic phases 
led to typical Schlieren textures | 8 | . In 
some eases, nematic droplets | 8 | could be 
observed when the compounds were cooled 
slowly from the isotropic liquid. On cool 
ing from the nematic phase, the S c phases 
appeared in the Schlieren form. A repre­
sentative example is shown in Fig. 2. In 
the case ofIr1 on cooling from the isotrop­
ic siale, cither a Schlieren texture or a 

Table I. Phase-Transition Temperatures |°C|a) <md Enthalpy Changes |kJ/mol| of Ferrocene 
Derivatives I ami II during the Second Heating-Cooling Cycle 

n Compd. C/Sc S0ZN S0/! CfN N/I Recryst. Compd. CVI Recryst. 

1 Ia 

2 Ib 

3 Ic 

4 Id 

5 Ie 

6 If 

7 Ig 

8 Ih 

9 L' 

10 Ij 

11 Ik 

12 n 

13 Im 

14 In 

16 Ip 

18 Ir 

— 

-

-

-

-

-

-

-

— 

-

-

-

166 
39.5 

165 
35.9 

162 

34 3 

159 

33.6 

— 

-

-

-

-

-

-

— 

-

-

— 

(159)c) 
2.0 

169 

2.9 
175 

3.8 

179 
d) 
-

— 

-

-

-

-

-

-

— 

— 

-

-

-

-

-

-

179 
15.2 

246 
52.6 

253 

72.8 
254 

66.5 

246 
67.8 

214 

69.2 
184 

53.2 

182 

57.9 

178 
52.8 

182 

69.5 

182 

74.0 

173 

63.8 
166 

42.8 

-

-

-

-

318b> 

5.1 

316b> 

6.1 

291b> 

5.4 

281 

5.7 

261 

6.1 
247 

4.8 
234 

4.2 
225 
4.0 

212 
3.0 

208 
3.6 

201 

3.3 

195 

3.6 

191 
3.8 

188 
4.1 

181 
d) 
-

125 

190 

190 

200 

175 

144 

154 

151 

152 

152 

152 

151 

150 

147 

141 

141 

Ua 

Hb 

Hc 

Hd 

He 

Hf 

Hg 

Hh 

Ili 

210 

52.0 

233 

59.2 

193 

55.5 

153 

41.3 

135 
35.7 

125 

36.3 

126 
39.7 
123 

39.0 

121 

43.2 

125 

117 

117 

112 

100 

104 

103 

100 

102 

a) C: crystal, N: nematic, S1-: smectic C. I: isotropic liquid.b) Slow decomposition.c) Monotropic 
transition. d) Not measurable due to peak overlap. 
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Fig. I. Phase diagram of fcrroccnes I. # : melting point; • : clearing point: A: smectic C/nematic 
transition: A: nematic/smectic C transition. C = crystal: I = isotropic liquid: N = nematic phase: Sc = 
smectic C phase 
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Rg. 3. Representative thermal optical Micrograph of the focal conic texture displayed by Ir (» = 18) 
upon cooling from the isotropic liquid to 165° 

focal-conic one was observed. A photom-
ierograph of the /^ Y//-<Ï>///< texture is pre­
sented in Fig. 3. 

None of the ferrocene derivatives II 
exhibited liquid crystal behavior. When 
heated they clearly and directly melted 
into an isotropic state; on cooling from the 
isotropic liquid, a supercooling was ob­
served (see Ttthlc I). but they all gave 
isotropic liquid-to-cryslal stale transitions 
As expected, the melting point was higher 
for the first members of the series, but 
decreased as the alky I chain length in­
creased. No sign of decomposition was 
detected, e\ en for the high-melting deriv­
atives. 

Structure. Crystals of Ih (n - 8) suita­
ble for X-ray analysis were grown at a 
CHXU/benzene 1:5 interface. Two dif­
ferent views of the molecular structure are 
presented in Fig. 4. with the atom number­
ing scheme given in Fig. 4a. The planes 
are defined as follows: disubstituted cy-
clopenladienyl ring: Plane I; unsubstitul-
ed cyclopentadienyl ring: Plane 2: C(7). 
Od ).0(2): Plane 3: C(S)-C(13): Plane 4: 
C( 14). 0(3). 0(4): Plane 5: C( 15)-020): 
Plane 6. To our knowledge, this is the first 
X-ray crystal-structure analysis of a fer­
rocene derivative substituted in the Im­
positions with such extremely long SUD-
stituents. 

( H lMlW-11 ' " ! I, N, (,,liiiMi 

The X-ray structure confirmed the 1,3-
substitution. with the two organic molec­
ular halves presenting identical structural 
features as the molecule possesses crystal-
lographic C* symmetry. The dihedral an­
gle of 1.2° between Planes I and 2 indi­
cates that the two cyclopentadienyl (Cp) 
rings are almost parallel to one another. 
From Fig. 4b, it can be seen that the Cp 
rings are in a staggered conformation. 
These observations are in agreement with 
literature data |9 | . 

The average bond length and bond 
angle in the Cp rings, 1.443(10) Â and 
107.2( I O)0, respectively, are normal with­
in experimental error. The average metal 
to C(Cp) distance of 2.050( 13) A is the 
same, within experimental error, as that 
observed in ferrocene, 2.04 Â [9]. 

In contrast to a structure determined 
fora 1,1 '-disubstituted ferrocene-contain­
ing liquid crystal 110|. the carboxyl groups 
are not coplanar with the Cp rings. Indeed. 
an angle of 14.9(9)° is observed between 
the Planes 1 and 3. The dihedral angle of 
90.8(6)° shows that the first aromatic ring 
( Plane 4) is perpendicular to the first ester 
function ( Plane 3 ). As for the two aromatic 
rings ( Planes 4 and 6), they form a dihedral 
angle of 35.0(6)°. Finally, the small tor­
sion angle (7.4(11)°) defined by 0 1 7 ) -
C( 18)-0(5)-C(21 ) and the aW-trans con­
formation of the alkyl chain indicate that 
the molecule is in the most extended con­
formation. 

The crystal packing of Ih is presented 
in Fig. 5. As the molecules are in the most 
extended conformation (see above), they 
are almost as long as the b axis of the 
crystal unit. The molecules assemble in 
pairs with a head-to-tail arrangement of 
the ferrocene frameworks. Interestingly. 
the space between the Cp rings of a fer­
rocene core is occupied by an organic 
moiety of another molecule. This organi­
zation allows maximal occupation of the 
space leading to a highly compact packing 
of the molecules in the crystal. 

The 1,3-disubsliluted ferrocene deriv­
atives I gave rise to remai kable mesomor­
phic behavior. Indeed, for the first time, a 
family of homologous ferrocene-contain­
ing liquid crystals exhibited broad enanti-
otropic domains within the entire series. 

An explanation of the thermal proper­
ties of compounds I can be formulated 
taking into account the crystallographic 
data obtained for Ih. Firstly, despite an 
angle of 142° between the two substitu-
ents. compound Ih showed a linear shape 
with a highly anisometric structure {Fig. 
4). Secondly, the crystal packing indicates 
that a molecular arrangement, allowing 
strong inlermolecular interactions, is pos­
sible. Undoubtedly, these findings dem­
onstrate thai ferrocene derivative Ih. and 
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it homologues, have the required structur­
al characteristics for exhibiting stable 
mesophases. 

The ferrocene derivatives II were syn­
thesized to emphasize the influence of the 
rigid rod length on the thermal properties. 
The lowering of the melting points, on 
going from series I to series II, is in 
agreement with literature data obtained 
for wholly organic liquid crystals, and is 
attributed to a weakening of the intermo-
lecu!arattractions[ 11]. However, the total 
loss of the liquid crystal properties for all 
the members of fami Iy II was unexpected 
considering the strong mesomorphic char­
acter of compounds I. Nevertheless, tfiis 
result is of particular interest for investi­
gating the structure-liquid crystal proper­
ties relationship as it shows that a limit 
exists for observing mesogenic behavior 
in me case of ferrocene derivatives substi­
tuted in the 1,3-positions. 

It is known that a 1,3-disubstituted 
cyclopentane, when incorporated into a 
rigid rod, does not impede the formation 
of liquid crystals [12]. Thus, in II, the 
ferrocene moiety, due to its depth (d), acts 
as a spacer separating the aromatic rings 
from each other. As a consequence, the 
intermolecular attractions become too 
weak to give rise to mesogenic behavior. 
Therefore, to thwart the undesired effects 
induced by the ferrocene core, intensifica­
tion of the intermolecular attractions is 
necessary to restore liquid crystal behav­
ior. This can be achieved by increasing the 
length (/) of the rigid rod,/.e. by increasing 
the number of aromatic rings. And indeed, 
this situation is reflected by compounds I, 
as well as by a ferrocene derivative con­
taining a biphenyl system on either side of 
the substituted Cp ring, which also exhib­
ited a large enantiotropic nematic phase 
(see compound 2d in [5]). 

The above considerations indicate that 
the Ud ratio is an important structural 
parameter for the successful design of 1,3-
disubstituted ferrocene-containing liquid 
crystals. From either cry stallographic data 
or CPK models, the following length val­
ues of the rigid segments have been deter­
mined: 27.5 Â, 23.7 Â, and 15.1 Â, for I, 
2d in [5], and II, respectively. The depth 
of the ferrocene being ca. 3.3 Â [9], Ud 
ratios of 8.3,7.2, and 4.6 are obtained for 
I, 2d in [5], and II, respectively. There­
fore, these values suggest that liquid crys­
tal behavior develops from a Ud ratio > 5-
7. 

Conclusions 

The synthesis of a series of homolo­
gous 1,3-disubstituted ferrocene deriva­
tives exhibiting broad enantiotropic mes-

Fig.4.PZ.t^TOp/o/[15] 
of Ih, showing a) the 
atom-numbering.sche­
me, and b) a projection 
onto the Cp rings 

- ^ ^ - ^ 

I. 

Fig..5. Crystal packing diagram [16] of Ih-
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Table 2. Elemental Analyt, 

n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

18 

• 

Calculated 

%C 

66.13 

66.85 

67.53 

68.15 

' 68.74 

69.28 

69.80 

70.28 

70.73 

71.16 

71.56 

71.94 

72.30 

72.65 

73.28 

73.86 

%H 

4.16 

4.54 

4.89 

5.22 

5.53 

5.81 

6.08 

6.33 

6.57 

6.80 

7.01 

7.21 

7.39 

7.57 

7.91 

8.21 

ical Data of 

Found 

%C 

65.94 

66.76 

67.60 

67.81 

68.64 

69.11 

69.92 

70.25 

70.65 

71.08 

71.57 

71.94 

72.29 

72.49 

73.07 

73.76 

Ferrocene: 

%B 

4.18 

4.48 

4.78 

5.21 

5.53 

5.85 

6.05 

6.44 

6.65 

6.83 

7.05 

7.28 

7.46 

7.79 

8.02 

8.21 

\ l and 11 
II 

Calculatec 

%C 

64.22 

65.38 

66.43 

67.14 

68.23 

69.01 

69.72 

70.38 

70.98 

I 

%H 

4.56 

5.10 

5.57 

6.34 

6.40 

6.76 

7.08 

7.38 

7.66 

Found 

%C 

63.94 

65.03 

66.15 

66.95 

68.24 

68.69 

69.79 

70.15 

7 1.02 

%H 

4.55 

5.17 

5.55 

6.10 

6.35 

6.68 

7.19 

7.59 

7.73 

ophases has been successfully achieved. 
Rationalization of the structure-thermal 
properties relationship highlighted some 
important structural features which must 
be fulfilled in order to obtain liquid crystal 
behavior. These considerations might be 
used for other metallomesogens built up 
from a three-dimensional organometallic 
unit. Finally, the present results, and those 
published recently in the case of 1,1'-
disubstituted ferrocene- [2] and lj'-dis-
ubstituted ruthenocene- [3] containing liq­
uid crystals, have shown that sandwich-
type transition-metal complexes are valu­
able organometallic units for the design of 
metallomesogens. 

We acknowledge Ciba (Switzerland) for fi­
nancial support io J-L M., and for the elemental 
analyses, Veba Ol AG (Germany) for a generous 
gift of acetylferrocene used to prepared ferrocene-
1,3-dicarboxylic acid, and the Sum National 
Science Foundation for financial support to H. 
St.-E. 

Experimental Part 

General. See |2J. 

Ferrocene-1,3-diacid chloride |6). 4-hydrox-
yphenyl 4-(alkyloxy)ben/.oate [2| and 4-(al-
kyloxy)phenol [7] were prepared following pub­
lished procedures. 

Syntheses. Syntheses of bis {4-|4-(alkyloxy )-
ben/.oyloxy !phenyl} ferrocene-1.3-dicarboxylaie 

I and bis|4-(alkyloxy)phenyl] ferrocene 1,3-di-
carboxylate II. 

General Procedure. A mixture of ferrocene-
1,3-diacid chloride, 2.2 equi v. of the desired 
phenol derivative, 2.2equiv. of Et3N, and CH2Cl, 
(5 ml) was heated at reflux for 2 ti. The soin, was 
cooled to r.t. and washed with a sat. NaHCO3 

soin. The org. layer was separated, dried (MgSO4), 
and evaporated. Purification of the resulting res­
idue by CC (silica gel. CH2CI2McOEt 50:1 for 
Ia-e, and for Ha-i, and 100:1 for If-n. p. r) and 
crystallization from CH2ClVEtOH gave the de­
sired compounds in 70-80% yields. The elemen­
tal analytical data of I and II are reported in Table 
2. 

X-Ray Crystal Structure of"Ih. C_S4H5gOmFe. 
M1 = 922.9. orthorhombic. Pnma. a = 7.602( 1 ), b 
= 57.538(3). C = 10.760( 1 ) Â, V= 4706.5 Ä-\ Z = 
4. />v = 1.302 gem \ A = 0.71073 Â. ß = 3.8 
cm"1. F(OOO) = 1952. 3074 unique reflections, 
1401 observed [/>2o{f)\.R = 0.102. /?„=(). 132. 
k = 0.006. S = 1.53. Max shift/sigma ratio 0.126. 
residual density (e/Â3) max. 0.83, min -0.56. 

Intensity data were collected at r.t. on a Stoc 
AFD2 4-circlediffractometer using Mo/fff graph­
ite monochromated radiation. The crystal did not 
diffract well beyond 35° in 20hence the limited 
data available for refinement and the rather high 
R factor and poor distances and angles. The 
structure was solved by Patterson and difference 
Fourier syntheses using the NRCVAX 1131 sys­
tem. which was used forali further calculations. 
Neutral complex-atom scattering factors m 
NRCVAX 1131 arc from [MJ. The H atoms were 
included in calculated positions and held fixed 
(L/1SO = (c/eq(C) + 0.01 ) Â-'). The non-hydrogen 
atoms were refined anisotropicalh using weight­

ed full-matrix least-squares, where »• = l/[o^(Fu) 
+ A(F11

2)]. Atomic parameters and complete ta­
bles of bond distances and angles have been 
deposited with the Cambridge Crystallographic 
Data Centre, Union Road. Cambridge CB2 IEZ. 
England. Figs. 4 and 5 were drawn using the 
programmes PlUTO (15] and SCHAKAL 88B 
[16], respectively. Further details may been ob­
tained from H. St.-E. 
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