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Novel 1,1'- and 1,3-Disubstituted Ferrocene-containing Thermotropic Liquid Crystals:

A Remarkable Isomeric Effact
Robert Deschenaux®* and Jeen-Luc Merendez

Univarsité de Neuchétel, institut de Chimie, Av. da Bellavaux 51, 2000 Neuchdtel, Switzerland

Comparison of results obtained from 1,1'- and 1,3-disubstituted ferrocenas clearly demonstrates the influence of

structurel isomerism on the mesomorphic properties.

There is cyrrently considerable interest in metallomesogens
owing 1o their unique properties! and potential applications?
in electronic technology. Among all the metal-containing
liquid crystals reported thus far, little attention has been
focused on thermotropic metallocenes.? 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 1a—¢ and 2a-d were obtained by condensing
either the ferrocene 1,1'-diacid chloride* or the ferrocenc
1,3-diacid chloride® with various phenol derivatives [4-(4'-n-
alkoxybenzoyloxy)phenolé and 4'-n-hexyloxybiphenyl-4-ol].7
The syntheses were performed in CH,Cl, at reflux, in the
presence of triethylamine. Crystallization from CH,Cl-
MeOH afforded the pure solids in 75-80% vyield. The 'H
NMR spectra and microanalyses for all these new compounnds
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 Transition? TrC AH/k)mol-1*
1ad C—1 172 40.8
{1=N¥ (153) (3.0)
1t C—l1 169 46.0
Ic C—1 167 63.3
2ad C—N 184 40.5
N—1 248 4.8
b C—>N 183 53.5
N—I 217 4.3
2cd C=oN 172 42.1
N=l 206 38
24¢ C—N 204 58.5
N—| 235 34

¢ Observed on a Zeiss Axioscopo potarizing microscope equipped
with a Linkam THMS 600 variable temperature stage. ® Measured on
a Mettler DSC-30 from the second heating cycle at a rate of 10°C
min~!. < Monotropic transition. ¢ Nematic droplets were observed
near the [ — N transition on cooling slowly (5 °C min-1) from the

isotropic melt,
y—-con R _©—o,c—©—ocsv-|,3
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None of the 1,1’-disubstituted compounds la— exhibited
liquid erystal properties on heating. They clearly and directly
melted into an isotropic liquid. However, a monotropic

0

nematic phase was obscrved for 1a. Insufficient supercooling
of the tsotropic melt probably prevented 1b and ke from
forming mesophases.

Rematkablc thermotropic properties resulted from the
1,3-isomeric structurcs. Indecd, ferrocene derivatives 2a—c
not only showed enantiotropic behaviour, but they also gave
rise, in each case, to a wide nematic phase: 64 °C (2a), 34°C
(2b) and 34 °C (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.

We thank Ciba-Geigy Ltd and the Swiss National Science
Foundation for financial support.
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49. [.1"-Disuhstituted Ferroeene-Contaiviog Thermotropic Liquid Crystals
of Structure |Fe{(y*-C.H,)COOCH XCH,OCH,, .1, (X =00C ar COO).
lofluence of the Orientation of the Central Iister I'unetion
on the Mesogenic Properties
by Robert Deschenanx®. dean-Lae Marendaz' [, and Julio Samtiage's

Universite de Newchatel, Tnstitut de Chimie. Av. de Bellevaus S1, CH O 2000 Nenehaned

12.X0L82)

The two series and 1ol 11 -disubstitated terrocenes which dilfer by the direetion ol the ester [unction
included tn the rigid organic part were synthesized mud their iguid eryvstal propertics examined. These Tailer were
found 1o be stromgly dependent an the oricntation of the conneeting ester group amd en the alkyl chain length.

Intrnduction. — Much interest is currently devoted Lo metallomesogens [1]. First. these
compounds, which comhine the properties of liquid crystuls and the characteristics of
metals, have allowed fundamental siudics at the interface of chemistry, physies. molecu-
lar electronics, and material science. New Lechntologies could emerge from this interdisci-
plinary field of reseuarch. Secondly, a specific arrangement of organic frumeworks around
a metallic core opens the way (o new geomeiries and new topologies. in comparison with
purely organic liquid crystals, thus allowing 10 explore more deeply the relationship
hetween structure and mesogenic propeilies.

Most of the metullomesogens studied so far are coordination complexes huilt up from
one or two transition-metal centers coordinated 1o monedentate or chelating ligands.
Mononuclear Ni, Cu, Rh, Pd, P1[1}, and dinuclear Rh{2]. Mo [3), Ru [4}. Ni [5]. Cu [6],
and Pd (7) complexes containing liquid crystals were reported and geneculed much
enthusiasm. Much less attention was devoted to orgapotrapsition metallomesogens.
Meonosubstituted [8] and 1,1'-disubstituted [9) ferrocene-containing liquid crystals were
reported, and the first family of mesogenic (butadienc)iron-tricarbonyl derivatives was
recently described [10].

Ferrocene-containing liquid crystals are interesting for three major reasons: i) they
have a high thermal stability. giving rise to reversible transitions without decomposition,
if) they are soluble in commoo organic solvents, making their characierization straight-
forward, and iif) their three-dimensional structure offers multiple possihilities 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 incorpaorated into
mesogenic materials,

Recently, we reported the first |,3-disubstituted ferrocene-contaimng metallomeso-
gens and showed, by comparison of their mesomorphic properties with those of the

'Y Part of Ph.D. Thesis of J-£. M. und of 1. S.
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corresponding 1.1 -isomeric structures. the strong inltuence of dructural isomerism on
the liqud-crysial behavior [F1]. Indeed. the 1.1 -disubstitnted ferrocene derivatives were
cither monotropic or non-mesepeme. while the b3-disubstituted ones showed. in all
cascs, enantiotropic behavior with o wide anisotropic domain. These resubis clearly
demonstrated that fine tuning of the mesogenic properties was possihle, and that the
substitution positions were of prime imporiance for ohtaining stable mesophuses.

To further investigate the importance of structural parameters on the liquid-crystal
behavior. we decided 1o examine the influence of the functionul groups present 1o the rigid
orgamc parl. It wus alrcady known. from studies perlformed on organic Liquid crystals.
that the nature uand the stahility of the mesophases strongly depend on the type {esier.
amide. or imine) and on the direction (OOC or COO) of the connecting functional groups
[12). '

In the preseni paper. we describie the synthesis, charucterization. and mesogenic
propertics of two series of 1. 1I-disubstituted ferrocencs which differentiate in the orienta-
tion of the central ester functions linking aromatic nings.

Results and Discussion. - Svutheses. The investigated ferrocenes 1and I were synthe-
sized by esierification of lerrocene- 1.1 -dicarbonyl dichlonide [13] with the hydroxy-esters

o] 0,
Ve
Fe
O o)
H;M@—@—{ —
<O

la-n.p.r

llb—l,n,p, r

4 (Scheme 1) and 9 (Scheme 2), respectively. The reactions were performed in CH,CI,
under reflux in the presence of E(,N. Purification by column chromatography and
crysiallization (scc Exper. Part) pave the targeted ferrocene derivatives in good vyields.

The hydroxy-csters 4 (n = 1-8 [14], 9. 10 {15), 11-14, 16 [16]. 18) were prepared
following two different pathways (Schente 1). The 4-(alkyloxy)benzoic acids la {n = 1-
12, 14} [17] were converted into the corresponding acyl chlorides 1b (n = 1-12, 14) with
SOC),. These were reacled with hydroguinone monobenzyl cther (2) in CH,CI, under
reflux in the presence of Et,N to give 3 (# = 1-12. 14). Removal of the benzyl protecting
group under standard conditions (H,, Pd/C) in EtOH/CH,Cl; pave 4 (n = 1-12, 14).
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Sefeme 1%}
' 0 CHzC1 P
Hzmucno—Q—( + RO—@—OBH —EI.N_- O—O—OBH
X 3
1a X = 0OH 2 3 n=1-1214
b X=Cl
. H EtOH
Pyridine HO—< >—OH 2
o PAC | CHoCl
5
H?mlcﬂo
e
q Bn = benzyl
"} Esters 4 with n = 1-12, 14 were prepared following Lhe protection/deproteciion route via 3, and esters 4 with

n =13, 16, I8 were prepared by the direct route.

Alternatively, the hydroxy-esters 4 (n = 13, 16, 18) were obtained in cne step, following
the literature procedure [14], from 4-(alkyloxy)benzoyl chloride 1b (# = 13, 16, 18) and
hydroguinone (5) in pyridine. Hydroxy-csters 4 prepared following the prolection/depro-
tection route were easily purified by crystallization (see Exper. Part), but those obtained
by the direct route required purification by column chromatography and crystailization.
Thercfore, 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 SOCl,
to give acyl chloride 6b (Scheme 2). Reaction of 6b with 4-(alkyloxy)phenols 7 (n = 2-12,
14, 16, 18) [21] in CH,CI, under reflux in the presence of Et;N and catalytic 4-pyrro-
lidinopyridine gave esters 8 (n =2-12, 14, 16, 18). Removal of the benzyl protecting
group (H,, Pd/C, EtOH/CH,Cl,) afforded 9 (n = 2-12, 14, 16, 18) which were purified by
crystallization from hexane.

Scheme 2

o]

. 0 o CHoCly, & Bnom
B + OC,H, _
n —C: :Hx —< >— a2 EtoN —@—CJC,\HzM
6a X =0H 7 8
B X=Cl
Hy E10H
Pd/C | CHCl,

0
0_@06#241\1

9 n=2-12,14, 16, 8 Bn = benzyl
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Mesogenic Properties. The disubstituted ferrocenes I and 11 were charactcrized by 4
combination of differential scanning ealorimetry (DSC) and thermal polarized optical
microscopy. The transition temperatures and enthalpy changes are reported in Tables |
and 2, and the phase diagrams are illustrated in Figs. / and 2. The mesomorphic proper-
ties of If=h (1 = 6-8) were recently reported [11].

None of the ferrocenes of type 1 showed hquid-crystal hehavior 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 al ca. 165-170°. On cooling from the
isotropic melt, the first members of the scries, la—f (n = 1-6), gave rise to a monotropic
nematic 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 ol the ditference between the melting point and the crysial-
lization temperature (Fig. /) would seem (o indicate that insufTicient supercooling of the
isotropic melt probably prevented Ig—n, p.r (n = 7-14, 16, 18) from forming mesophascs.

More complex mesomorphic properties resulied from the scries 1E The derivatives
with a short alkyl chain, 11b—d {# = 2-4), gave only a monotropic nematic phase. Com-
parison of the crystal-to-liquid transition temperasures between 1 and 1 showed that the
members of series 11 always melled at a lower temperature than their corresponding
isomer 1. During the first heating, compound lle {n = 5) showed an enantiotropic ne-
matic mesophase over a very narrow anisotropic domain {2°), while the nematic phase

Table 1. Phase-Transition Temperaiwres T [PCI*Y and Fnhalpy Changes AH [k)mol} of Ferrocene Derivarives |
During the First Heating-Cooling Crefe

n T (AH) for transitions
C/CM C.N NA Reeryst.

Ia | - 238 (77.4) 187 (2.6} 141
b 2 1929 (13.9) 226 (69.2) 203 (3.4) 144
I 3 1569 (13.5) 207 (70.4) 1765 {3.6) 14
1d 4 - 210(81.2) 176 (3.6) 153
le 5 - 178 (71.2) 159) (3.4) 138
Ir 6 1619){25.0) 172 (40.8) 153 (3.0) 140
Ig 7 157 (9.9} 169 (46.0) - 156
Ih g - 167 (63.3) - 153
li 9 - 170 (68.6) - (55
1j 10 - 170 (68.0) - 159
1k i 96% (60.4) 168 {65.5) - 161
n 12 984)(32.2) 167 (71.0) - 159
Im 13 103 (66.0°)) 167 (68.8) - 158
In 14 101 (64.75) 166 (72.9) - 159
Ip 16 97(28.1) 165 (70.3) - 156
It 18 85 (44.0°0 163 (67.7) - 155
%} C = crysial; N = nematic phase: | = isotropic liquid.

% Dependent on the crystallization conditions during the purification stage.
‘) Value for monolropic transition.

Observed during the first heating cyele onky.

%V A smaller value was measured during the second heating cycle,
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Table 2. Phuse-Transition Temperatures T [PC]'Y and Enthalpy Changes AH [k)fmol] of Ferrovene Devinasives 1)
During the First Heaving-Cooling Crele

f T (4H) for transitions
CICM  Cpi CiafSa Sa/N S/l ClafN  NfI Reeryst.
1b 2 - 186 (51.5) - - - - 1779 (3.1) LS5
le 3 - 182 (66.3} - - - - 14451y 141
fid 4 - 164 {55.5}) - - - - 157%)(3.2) 123
1le 5 - - - - - 154(%)  156%) 124
ir 6 151 (8.6) 167(51.7} - 1485°) - - 161%)(4.0) 135
Mg 7 - 165 (68.3) - - 154%05.9) - - 136
Ih 8 - 164 (73.8) - - 157 (8.3) - - 139
i 9 157 (4.6) - 160 - 1630%) - - 133
11j 10 - - 156 (70.4) - 165(9.9) - - 132
1k 11 - - 135 (73.1y - 167 (10.6) - - 134
(] 12 153¢9) - 155¢p - 169 (11.5) - - 135
1In 14 1490 - 153%) - 169 (51.0) - - 132
lip 16 145¢%) - 152% - 166(12.9) - - 131
") C=crystal: N = nematic phase; S, = smetic-A-phase; | = isotropic liquid.
%  Dependant on the crystallization conditions during the purification stage.
%) Value for monotropic transition.
9} Not measurable due to peak overlap.
)  Observed by means of polarized-light microscopy enly.
"y Observed during the first heating cycle only.
Temp.(°C] 250
I
200
(N)
150
C
10 -r—T— 77T T 7 T T T Ty T T T

Alkyl chain length ()

Fig. L. Phase diagram of ferrocenes 1.
®: Melting point; & isotropic liquid/nematic transition; O: recrystallization.
C = crystal; | = isotropi¢ liquid; IN = nematic phasc.
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Temp.[°C] 200 7

180 1

160 7

140 1

120 7

100 1T 7— T ¥ T T T T 77 T T T T T 1T

2 4 6 8 10 12 14 16 18

Alkyl chain length (n)

Fig. 2. Phase diagram of ferrocenes 1. @ Melting point; #: nematic/isotropic liquid transition: & : smeclic-Af
isotropic liquid transition: ¢: isolropic hiquid/nematic transilion: & : isolropic fiquid or nematicfsmectic-A
transilion; O: recrystallization. C = crystal; | = isotropic liquid: N = nemalic phase: S, = smeciic-A phase,

only appeared at the phase transition to the liquid itself during the sccond heating. This
behavior was duc 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 IIf (n = 6) yielded two
monglropic mesophases, a nematic phase and a smectic-A one. Further inerease of the
alkyl chain length caused the disappearance of the nematic character and led to smectic-A
liguid erystals which were first monotropic, g, h(n = 7,8), and then, from UHi(a = 9) on,
enantiotropic. The smectie-A range broadened from 3° (ILi (n = 9)) to 16° {lIn (n = 14)).
During the cooling run, compounds Il {n = 12}, lIn {n = 14), and 11p (n = [6) showed,
after the smectie-A solid transition, an additional erystal-to-crystal modification, which
eould be clearly detected by DSC and optical polarized microscopy.

An interesting phase-transitions sequence was observed for lr (n = 18; Scheme 3).
On heating, a erystal-crystal transition appeared at [02°. At 143° the material melted to a
smectic-A phase, but, at 147°, recrystallized again into a new crystaliine form. This latter
melted at 150° to a smectic-A phase whose clearing temperature was found 1o be 163°
(4H = 12.2 kJfmol). On cooling from the isotropic liquid, the smectic-A phase formed
at 162° Crystallization of the material was obscerved at 136°, followed by another
crystal-to-crystal transformation at 132° This melting-recrystudlization process on heat-
ing {crystal 2 —ssmectic A —crystal 3) results in a reorganization of the molecules in the
mesophase piving rise ta a more stable crystalline farm. Such hehavior was aleeady
observed for different types of liguid crystals {23].
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*Scheme 3. Plese- Travsivion Temperatuees of U (o = 18)
29 430 o s0°C 163°C
Crysiai i 102°¢ Crystal 2 ic Smeciic A 147°C Crysil 3 ! Simectic A S— Isotropic liyuid
162°C
ll3ﬁ°C

First erysialiization form
lnz"c

Sccond crystaitizaion form

In all cases, the smeclic-A phasc was wdentified by means of polanzed-light mi-
croscopy from the observation of both homeotropic and focal-conic texturcs, 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 Munction on the mesomorphic properties. An explanation of this influence
can be attempted on the basis of structural and electronic considerations. By analogy to a
1,1"-disubstituted ferrocene-containing liquid crystal, whose stcucture was recently deter-
mined by X-ray diffraction [24]), we can assume that ferrocenes I and 11 adopt the
trans-conformation (S shape; see Formulae). In such a conformation, derivatives 1 and 11
exhibit a C, 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 | and 11 at the structural level.

The organic fragments A and B are used for constructing 1 and 11, respectively.
Comparison of the two isomeric structures reveals inteeesting characteristics for each
moiety. Firstly, in A, electron delocalization can occur from the O-atom of the atkoxy
chain to the ester function. Thus, mesomerism takes place in the external part of the
organic fragment. However, in B, electron delocalization appears in the interior of the
organic core and in the opposite direction. Consequently, the O-atom of the cther group
ismore polarin A thanin 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 delocalization (electrostatic interactions) and rota-
tional motion (rigidity of the organic rod) presented above is probably at the origin of the

) <:> _ <'1‘> )
i‘@"}b i | "(‘:‘:—Q—@ﬁw
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different mesomorphic behuvior observed between Tand 1L These observations are in
;1g1‘écmcn( with literuture data [12] obtained for wholly arganic liquid crystals. Toas
impertant 1o point out that ihe clectronic and structural features of A do not prevent the
formaution of stable liquid crystals. Indeed. the | 3-isomeric analogues (n = 6-8) of [ gave
rise to large enantiotropic nematic mesophuases (11} Most likely. the highly anisometric
structure of the 1.3-Terrocene derivatives was responsible for such o behavior.

In conclusion, we have shown with the present results and with those recently pub-
lished [11] that clectrostatic inleractions and geometrical and struetural features can be
used to engineer the stability and nature of the mesophase for disubstituted ferrocene-
containing liquid crystals.

We acknowledge Prot. . W, Goadhy, University ol Hull. Englund, for invatluable diseussions sind for his help
i the characterization of compounds e and Nr. We thank Cibe-Grigr- 5.4, Swicerlund. for fenaneial support 1o
J-L. M. and for the elemental analyses, and Vebn Ovf AG. Germany. Tor a generous gift of lerroeene- 1.1 -dicar-
hoxylic ucid.

Experimental Parl

Generol. 4-(Alkyloxy)benzoic acids 1a |17}, 4-(alkyloxyIphenols 7 18], and lerrocene-i. 17 -dicarbony dichlo-
ride [13] were prepared following lilerature procedures. Hydroguinone monobenzy] ether {20 Fluka AG hy-
droquinone (5: Finka AG). und 4-(benzyloxy)benzoic acid (6a: Fluke 4G ) were used withow Turther purilieation.
Mesogenic properties of 3 and 8 will be reported separately. Calumn ehromatography (CC): silica gel 664 (0.063-
0.200 mm, Merck ). TLC: silica-gel plates {Merek ). M.p. < Bricki-3 16 instrument ; uncorrected. Transition wemp, and
enthalpies: differcnuial scanning culorimeter (Mewrder DSC 30 conaccted o o Merder-TA-3000 sysiem: e
t0°/min;: under N,. Oplical studies: Zeiss-A4xivscop polarizing microseope equipped with a Linkam- TH M S-6(10
variable-temperature stage: under N,. IH-NMR Specira: Sriker- AMX-400 spectrometer at 400 MMz, in CDC),
rel. 10 the internal reference TMS. Elementad analyses: Ciba-Geigy SA, Marly, Switzerland.

M.p. and elementai analyses of all new compounds are reported below. Further anal. and spectroscopic dita
of 3[25], 4[25), 1]25), 8 {26]. # [26], and H {26] arc available upon request fram the iwuthars.

4-{ Benzvlaxy )phenyl 4-Methoxvhenzoare (3a, 0 = 1). A mixlure of 4-methoxyhenzoic aoid (la, = 1: 3.45 ¢,
22.5 mmo) and SOCH, (16 ) was heated at reflux for 2 h. The excess of SQCH. was removed under vaceum. The
acyl chloride 1b was esterificd with hydroguinone monobenzyl ether (2: 4.95 ¢. 24.7 mmolyin dry CH.Cl. 130 mD)
under reflux for 2 hin the presence of BN (2.28 g 22.5 mmel). The soln. was cooled 1o r.L. washed wicth sal.
NaHCO, soln. and sat. NaCl soln.. dried (MgSQ,). and evaporated. Purification of the resuliing residue by CC
(hexane/AcQE1 2:1) and by crystallization from CH.Cl,/E:OH gave 3a (n = 1: 6.26 p. 81%). White solid. R,
(hexanefAcOEL 2:1) 0.42. M.p. 141°. '"H-NMR: 3.90 (5, McO): 5.07 {5, PhCH.k: 6.98 (d. T arom. H}: 7.0V (d.
2 arom. H): 7,00 (o, 2 arom. H): 7.33-7.45 (o, 5 arom. PACH.) B3 (2 srom. HY. Anal cale. ler Cy\H Oy
(334.38): C 7543, H 5.43; found: C 7505, H 5.47.

Compounds 3b-1. n(n = 2-12, 14) were prepared according to the above procedure in 75-85% yield from the
corresponding acid 1a (2 = 2-12, 14}, Setected nnal. data: Tubde 3.

-Hrdroxypheay! d-Methoxvhenzomre (d4a, n = 1). A mixture of 3a (v = |1 2.0 g 6.0 mmol}, 10% PdIC
{0.20 g). and CHACI,fE1OH 1:5 {150 m1} was shaken overmight under Hy (20 hars). The solids were remaved by
filtration. and the seln. wits evaporated. The resulting residue was ervstaltized from 16OH/pentanc: da(n = 1:1.43
£. 98%). White solid. M.p. 156° (f14]: 156°), "H-NMR: 3.90 ¢s. MeO): 5.39 (b, QH|; 6.79 (¢, 2arom. HY: 6.98 (d.
2arom. H): 7.02 (/. 2arom. Hi: 813 (4, 2 arom. H).

Compounds 4b-1, n {r = 2-12, 14) were prepared according (o ihe above procedure in 90-93% yield lrom the
corresponding protecied ester 3 (n = 2-12. 14). Selected anal. data: Tuble 4.

4-Hydroxyphenvt 4-( Tridecvluxy thenzowe (4m, s = 13). A soln. of (0 =13 1.8 2. 5.6 mimol) and SOCI,
(15 g) was stirred under rellux. Aller 2 h. the excess ol SOCL; was removed under viscunm. A misture of he acvl
chloride. hydroquinone (5: 3.10 g, 28.2 mmol). and dry pyridine (35 ml) was stirred at r.1. for 24 h. The mixiere was
noured onto 2x HCI (200 m1) and » solid precipiiied. This Liver was secon ered by liltcation. stirred with sat
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Tahle 3. Selecred Anelrtival Data of Componrddy 3 und 8

n Caleutual 3 8

%C A M. o) waC el M.p. [°C) % C %l
a | 75.43 543 14] 7505 5.47
b 2 75.84 579 143 75.57 S48 137 75.90 5.79
¢ k] 76.22 612 126 76.25 6,05 148 76.31 6.17
d 4 76.57 6,43 109 76.54 6.8 133 76.39 6,58
e 5 76.90 6.71 129 76.79 6,63 131 16.86 6.70
f 6 77.20 6.98 121 77.22 7.05 118 11.07 713
g 7 77.48 1.22 110 77.46 7.14 122 17.34 7.33
h 8 71.75 7.46 93 77.69 7.49 126 177 1.52
i 9 78.00 7.67 96 77.96 1.76 125 1195 1.65
i 10 78.23 7.88 97 78.18 7.93 122 18.22 8.00
k 11 78.45 8.07 100 T8 7.98 122 18.28 §.07
1 12 78.65 8.25 1m 7R.62 B 120 18.35 837
n 14 79.03 8.58 102 78.62 8.66 19 78.99 883
p 16 79.37 K88 119 79.32 9.00
r 18 79.68 915 118 79.71 9.29

Table 4. Sedveted Analvtical Data of Hydroxy-esters 4 and 9
n Caleuluied 4 9

"%C %H M.p. [°C) %C %H M.p. [°C] %C %H
i 9 7413 1.92 109 74,11 1.87 150 7193 1.98
k 11 74.97 8.39 1R 75.03 £.43 - 141 74.93 §.34
i 12 75.34 8.60 bi3 75.05 R.61 139 15.31 8.83
m 13 75.69 8.80 113 75.70 8.90
n 14 76.02 8.9% 115 76.18 9.06 138 75.90 8.89
p 16 76.61 9.1] 131 76.67 9.50
r 18 77.14 9.61 117 77.23 9.89 134 77.02 9.35

K.CO, soln.. and filtered. Purification by CC (hexanefAcOEt 3:1) und crystaliization from CH,CI,/EIOH af-
forded dm (n = 13:1.35g. 58%). White solid. R;thexanefAcOFt 2:110.44, M.p. 112 'H-NMR: 0.88 (1. Me): 1.27
{m, (CH,)o{CH KO 1,47 (in, CHACHA)-0): 1.82 (mr. CHSCH0): 4.04 (¢, CH,0). 5.32(br., OH): 6.79 (d. 2 arom.
HY: 6.96(d. 2arom. H); 7.02 (<. 2 arom. H): 8.12 (4. Zarom. H). Anal. cale. for CouH1404(412.57): C 75.69, H R 80,
found: C 75.70. H 8.90.

Compounds dp. r (# = 6. 18) were prepared according 1o the above procediire in 60-65% yield from the
corresponding ueid ba (7 = 16, 18). Selecied unal. data: Teble 4,

Bisf4-(4-mwethoxrbenzorloxy Jphenyt ] Ferrevene-1, 1 dicorhoxviai {(la. n = 1), A seln. of ferrocene- 1.1 '-diear-
bonyl dichlonde (50 mg. .1 G minol). 4a (n = 1: 94 mg. 0.38 mmol). dry Ef N (14 me. 0.32 mmol), and dry CH,Cl,
(5 mly was heated at reflux for 2 h. The soln. wis cooled to r.i., wished with i1, NaHCO, soln.. dried {(MgS80,). and
evaporated. The resulting residue was purified by CC {CH,C1 AcORL 30:1) and crystatlization frem €H,Cl,
ELOH: fa (86 mg, 75%). Orange solid, R (CH.CliACOEL24: 110,52, TH-NMR: 390 (+. 2 McO): 4.62 (i, 4 H, Cp);
508 ¢ 4H. Cp): 6.97 (o, 4 arom. HY, 7.21 (. 4 arom. H): 72534 4 arom. H): 81444 4 arom. H).

Ferrocene derivatives bb-a. p.r{nn = 2-14. 16, 18) were prepared according to the abose procedure in 75-85%
vield from the corresponding hydrosy-ester d {n = 2- 14,16, 18). Selected anal. data: Toble 3.

4-Ethaxyplonyl 4-f Benzvlexy Jhenzoade (8. 1 = 2). A mixiure of 4-(benzyvloxyibenzoic acid (6a). SOCIL (13
mb), DMF {1 drop). and dry CHLClL (19 ml} was heated under reftus for 1.5 h. The mixiure was cooled 1o r.t, and
evaporated. The aeyl chloride 6b wus dissolved in dry CH.Cly (5 ml) and added. dropwise, to a soln. of
d-ethoxvphenol (7.0 = 2: 1.02 ¢, 209 mmolt. dry E1aN (222 ¢, 21.9 mniol), and a cat. amount of d-pyrrotidinopy-



HELveTira Crimica Acta - Vol 70 (1993} 875

Tuble 5. Etemerrial Analvses of Ferravenes | aud 11

" Caleulated 1 H] " Calculned 1 [}]

%C %H %O %S wC  %H %C %M %UC Y%H  %%C H
a 1 6613 416 6585 4.24 i 9 70.73 657 .63 60 7065 6.54
h 2 6685 454 66.68 4.58  66.77 4.58 j 10 Tl 680 THid4 674 7118 692
¢ 3 07.53 489 67.39 482 6738 492 k 1L 7156 7.01 7134 693 71.56 6.9%
d 4 68.15 5322 68.07 508 68.09 532 | 12 71.94 7.21 7202 138 71.89 7.8
¢ 5 6874 551 6867 542 68,74 5.62 m 1} 7230 739 7235 744
f 6 6928 538l 69.19 589 6228 5.89 n 14 7265 7.57 7236 1.5 1258 1.72
e 7 69.80 608 69.84 601 6971 6.14 P 16 73.28 791 7303 KROS5 7319 8.0
h ] 70.28 6.3 7038 630 70.19 6.48 r 18 73.86 .21 7382 R3ip 1397 R.29

ndine in dry CHClL (5 mb. The mixture was heated under rellux lor 3 h, cooled 1o ri., and evaporited.
Crystallization of the resulting residue from EtOH gave 8h{n = 2; 7.25 g, 95%). White solid. M.p. 137°. '"H-NMR:
1.42 (1. Me): 4.04 {4, CH,0): 5.16 (s, PRCH-): 6.91 (d, 2 urom. H); 7.05 (d. 2 arom. H): 7.10 (o, 2 arom. H);
1.35-7.46 (n, PhCH,); 8.14 (¢, 2 arom. H). Anal. cale. for Cy3H4, O, (348.40): C 75.84. H 5.79; found: C 75.90.
H 5.79.

Compounds 8e-L'n, p. r (n = 3-12. 14. 16, 18) were prepared according 1o the above procedure in §0-90%
yield from the carresponding 4-{alkoxv)phenol 7 (»n = 3-12, 14_ 16, 18). Sclected anal. data: Tohlr J.

4-Ethoxyphenpd - Hydraxybenzoate (9b, 1 = 2). A mixture of 8b{n = 2; 7.25 g, 20.8 mmol), 101% PA/C (.72 ¢)
and THF{CHCl, (100 m)) was shaken overnight under H, (4.5 bar). The solids were removed by filiration and the
soln. evaporated. The resulting residue was crystallized from hexane: 9b (v = 2; 3.44 g. 64%). White solid. M.p.
207 ({18]: 204-707°). "H-NMR: 1.62 (1. Mc): 4.04 (g, CH,0): 5.43 (br.. OH): 6.90 (¢f, 2 arom. M} 6,92 (o, 2 wrom.
H): 110 (o, 2arom. H); 831 (¢, 2 arom. H).

Compounds 9¢-1, n, p. r{n = 3-12. |4, 16. 18) were prepared according to the above procedwre in 70-90%
yield from the corresponding protecied ester 8 (i = 3-12, 14, 16, 18). Selected anal. data: Trbip 4.

Ris{d-{4-cthoxyphenoxycarbony!)phenvl] Foerrocene-1.1-dicarboxyiate (Ilb, n# = 2). A saly. ferrocene-1,1-
dicurbanyl dichloride (70 mg. 0.282 mmol), 9b (n = 2: 146 mg, 0.564 mmol), dry Et;N (57 mg. 6.564 mmol), and a
cat. amount of 4-pwrralidinopyridine in dry CH.Cl, (10 mf) was heated under reflux for 3 h. The soh. was cooled
1o r.1. and evaporated. The resutting residue was purified by CC (CH,Cly/AcQE1 10:1) and crystallization from
EtOH/CH,Cly: Hb {183 mg. 86%). Orange solid. R (CHaCly/AcQEL 10:1)0.78. "H-NMR: 1.43 (¢, 2 Mc): 4.04 (¢
2CH,0): 4.66 (¢, 4HCp): 510 (1. 4H. Cp}; 6.9i (d, 4 arom. H): 7.10 (. 4 arom. H);, 7.3 {d, 4 arom. HY; 8.20 (¢,
4 arom. H).

Ferrocene derivatives Hel, n, p. 1 {n = 3-12, 14, 16, 18) were prepared according Lo the above procedure in
70-50% yicld from the carresponding hydroxy-cster 4 (n = 3-12, 14, 16, 18). Sefected anal. davi: Fodle 5.
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s3-Disubstituted Ferrocene-
rontaining Thermotropic Liquid
yrystals: Synthesis,
lesomorphic Properties and
he Crystal and Molecular
tructure

ibert Deschenaux*, Isabelle Kosztics, Jean-Luc Marendaz**,
1 Helen Stoeckli-Evans '

stract. Two families of 1,3-disubstituted ferrocene derivatives have been synthe-
ed and their liquid-crystal behavior investigated. Compounds of series 1, (7°-
H,)Fe[(1P-C;H,)-1,3-(COOC,H,00CCH,OC H,, ), (n=1-14,16, 18), exhibit-
remarkable mesomorphic propertics. Indeed, nematic and/or smectic C phases,
ociated with large anisotropic domains, were observed. Derivatives of series 11, (77°-
Hs)Fe[(ns-C5H3)-l,3-(C00C6H40C,!H2m1)2] (n = 1-9), were found to be non-
sogenic. The crystal and molecular structure of 1h (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. ’

troduction

In the last few years, increasing atten-

n has been paid to 1,1'-disubstituted
rocene-containing liquid crystals [1].
¢ possibility of stndying metallomes-
ens possessing a novel three-dimen-
nal organometallic unit mainly moti-
ed these investigations. However, most
the compounds studied thus far showed
y limited mesomorphic properties. In-
2d, either monotropic smectic A or C
ases [la], or narrow enantiotropic smec-
C domains [1d] were obtained. In other
ses, the textures could not be identified
,CJ.
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Recently, we [2] and others [le] re-
ported the first two series of 1,1°-disnbsti-
tuted ferrocene derivatives which exhibit-
ed broad enantiotropic nematic and/or
smectic A phases. These resnlts clearly
proved that the ferrocene framework is a

CHIMIA 47 (1993) Nr. 6 (Juni)

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
ruthenccene-containing liquid crystals [3].
Theselattercompounds andtheir ferrocene
analogues, series I1in [2], exhibited sim-
ilar mesomorphic behavior [2][3] but dif-
ferent electronic spectra and redox poten-
tials [41. 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 snbstitu-
tion on the liquid-crystal properties, we
have synthesized, for the first time, some
ferrocene derivatives substitnted in the
I,3-positions [5]. Remarkable mesomor-
phic behavior resnlted from these struc-
tures. Indeed, the latter gave rise to large
enantiotropic nematic phases, while their
1,1'-isomeric analogues [5], and series 1
in [2], exhibited either monotropic or
non-mesogenic properties. Undoubtedly,
the 1,3-disnbstituted 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 (seriesI) or
one {series TI) aromatic ring(s) on each
side of the substituted cyclopentadienyl
nucleus. Comparison of their thermal prop-
erties, in addition to information obtained
by means of X-ray diffraction for deriva-
tive 1h {n = 8), allowed us to propose some
structural requirements which must be
satisfied for designing thermotropic 1,3-
disubstituted ferrocene derivatives.

G S S S g T
Fe
1 (n =1-14,16,18)
e GO~ Y016~ EP—00—(_)~OCitam
. Fe
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it homologues, have the required structur-
al characteristics for exhibiting stable
mesophases.

The ferrocene derivatives Il were syn-
thesized to emphasize the influence of the
rigid rod length on the thermal propenies.
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-
lecularattractions [11]. However, the total
loss of the liquid crystal properties for all
the members of family I was unexpected
considering the strong mesomorphic char-
acter of compounds 1. Nevertheless, this
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 the 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, doe 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 risc to mesogenic behavior.
Therefore, to thwart the undesired effects
induced by the ferrocene core, intensifica-
tion of the intermolecular attractions is
necessary to restore liguid crystal behav-
ior. This can be achieved by increasing the
length () of the rigidrod, i.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 biphenyi system on either side of
the substituted Cp ring, which also exhib-
ited a large enantiotropic nematic phase
(see compound 2d in [5]).
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The above considerations indicate that
the //d ratio is an important structural
parameter for the snccessful designof 1,3-
disubstituted ferrocene-containing liquid
crystals. Fromeithercrystallographic data
or CPK models, the following length val-
ues of the rigid segments have been deter-
mined: 27.5 A, 23.7 A, and 15.1 A, for I,
2d in [5], and 11, respectively. The depth
of the ferrocene being ca. 3.3 A 91, id
ratios of 8.3, 7.2, and 4.6 are obtained for
I, 2d in [5], and I, respectively. There-
fore, these values suggest that liquid crys-
tal behavior develops from a /d ratio > 5-
7.

Conclusions

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

a)

Fig.4. PLUTOplot[15]
af Th, showing a} the
atom-numbering sche-
me, and b} a projection
onto the Cp rings

Fig. 5. Crystal packing diagram [16] of th-






