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The two series Tand 1 of | -disubstituted Terrocenes which differ by the direction of the ester Tunction
included in the ngid organie part were synthesized and their liquuid ervstal properties examined. These kter were
lound to be strongly dependent on the orientation o the connecting exter group ind on the alkyl chain tength.

Introduction. - Much inlcrest is currently devoled to imetallomesegens {1]. First, these
compounds, which combine the properties of liquid crystals and the characteristics ol
metals, have allowed fundamental studics at the interfuce of chemistry, physics, molecu-
lar electronics, and material science. New technologies couid emerge from this interdisci-
plinary field of research. Sccondly, a specific arrungement of organic frameworks around
a metallic core opens the way to new geometries and new topologies, in comparison with
purely organic liguid crystals, thus allowing (o explore more deeply the rclationship
hetween structure and mesogenic propertics,

Most of the metallomesogens studied so far are coordination complexcs built up from
one or two transition-melal centers coordinaled to monodentale or chelating ligands.
Mononuclear Ni, Cu, Rh, Pd, Pi [t], and dinuclear Rh [2], Mo [3], Ru [4], Ni [5], Cu [6],
and Pd [7} complexes containing liquid crystuls were reported and generated much
enthusiasm. Much less attention was devoted to organotransition melallomesogens.
Moncsubstituted [8] and 1,1°-disubstituted {9] ferrocene-containing liquid crystals were
reported, and the first family of mesogenic {butadiene}iron-tricarbonyl derivatives was
recently described [10]. -

Ferrocene-containing liquid crystals are intcresting for three major reasons: i) they
have a high thermal stability, giving rise to reversible transitions without decomposition,
if) they are soluble in common organic solvents, making their characterization straight-
forward, and Jii} their three-dimensional struciure offers multiple possibilities for the
design of substituted derivatives. These properties prompted us to undertake a systematic
study to exploit the ferrocene as a valuzble organometallic unit 1o be incorporated into
mesogenic materials.

Recently, we reported the first ],3-disubstituted ferrocene-containing metaliomeso-
gens and showed, by comparison of their mesomorphic properties with those of the
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correspending 1,17-isomeric structures, the sirong influence of structural isemmerism on
the liquid-crystal behavior J11}. indeed, the 1.1 -disubsututed ferrocene derivatives were
either monotropic or non-mesogenic, while the 1.3-disubsliluied ones showed. in all
cases, cnantiotropic behavior with a wide unisotropic domain. Thesc results cleurly
demonstrated that fine tuning of the mesogenic properties was possible, und thut the
substitulion positions were of prime importanee for oblaining stahle mesophuses.

To further investigate the importance of structurat paramelers on the higquid-erysial
hehavior. we decided 1o examine the influence of the Functional groups present in the rigid
organic part. It was already known, {rom studies performed on organic liquid crystals,
that ihe nature and the stability of the mesophases strongly depend on the type (ester,
amide. or imine) and on the direclion (OOC or COO) of the connecting functional groups
{i2].

In the present puaper, we describe the synthesis, characterization. and mesogenic
properties of two series of 1,1 -disubstitiied ferrocenes which differentiate in the orienta-
tion of the central ester functions linking aromatic rings.

Results and Discussion. — Siatheses. The investigaled ferrocenes |and L were synthe-
sized by esterification of ferrocene-i, i -dicarbonyl dichloride [13] with the hydroxy-csiers
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4 {Scheme 1) and 9 (Scheme 2), respeciively. The reactions were performed in CH,CJ,
under reflux in the presence of Et,N. Purification by column chromatography and
erystallization (see Exper. Part) gave the targeted lerrocene derivalives in good yiclds,

The hydroxy-esters 4 (n = 1-8 [14], 9, 10 [15], 11-14, 16 [16], 18} were prepared
following two different pathways {Scheme 1. The 4-{alkyloxy)benzoic aeids 1a {r = 1-
12, 14) [17] were converted into the corresponding acyl chlorides 1b (7 = 1-12, 14) with
SOCI,. These were reacted with hydroguinone monobenzyl ether (2) in CH.CI, under
reflux in the presence ol E\,N to give 3 (n = 1-12, 14). Removal of the benzyl protecting
group under standard conditions {H,, Pd/C) in EtOH/CH,CY, gave 4 (0 = 1-12, 14),
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Scheme 1)
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") Esters 4 with #n = 1-12, [4 were prepared [ollowing the protectionfdeprotection route viz 3, and esiers 4 with
n =13, 16, 18 were prepared by the direct route.

Alternatively, the hydroxy-esters 4 (n = 13, 16, 18) were obtained in one step, following
the literature procedure [14], from 4-(alkyloxy)benzoyl chioride Ib (# = 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 ronte required purification by column chromatography and crystallization.
Therefore, the indirect reaction sequence proved more efficient.

To avoid column chromatography during the purification stage (sec above), the
hydroxy-esters 9 (n = 2-8 [18-20], 9-12, 14, 16, 18) were synthesized {ollowing 4 protec-
tionfdeprotection procedure. The 4-(benzyloxy)benzoic acid (6a) was treated with SOCI,
to give acyl chloride 6b (Schene 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-
lidinopyridinc gave esters 8 (n = 2-12, 14, 16, 18). Removai 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.

Sehenewe 2
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9 n=2-12,14, 16, 18 Bn = benzyl
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Mesogenic Properties. The disubstituted ferrocenes 1 and 11 were characterized by a
combination of differential scanning calorimetry (DSC) and thermal polarized optical
microscopy. The transition temperatures and enthalpy changes arc reported in Tobles /
and 2, and the phase diagrams are illustrated in Figs. / and 2. The mesomorphic proper-
ties of If=h (u = 6-8) were recently reporied [ 1]

None of the ferrocenes of type | showed liquid-crystal behavior on hcating. They
clearly and directly melted into an isotropic liquid. The melting point deercased. as the
number of C-atoms in the atkyl chiin increased up to n = 8. Then, the erystal-to-fiquid
trunsition lemperature reached o limit value at co. 165-170° On cooling from the
isotropic melt, the first members of the serics, la—{ (n = 1-6), gave rise to 1 monotropic
nematic phase. The mesophase was identified by the appearance of nematic droplets [22]
and by the formation of a typical nemalic schifieren texture. A representative example is
shown in Fig. 3. Comparison of the difference between the melting point and the crystal-
lization temperature {Fig. 1} would seem to indicate that insufficient supercooling of the
isotropic melt probably prevented Ig—n, p,r (n = 7-14, 16, 18) from forming mesophases.

More complex mesomorphic propertics resuited from the series I1. The derivatives
wilh a short alkyl chain, lIb-d {n = 2-4}, gave only a monotropic nemaltic phase. Com-
parison of the crystal-to-liquid transition temperatures between [ und I1 showed that the
members of series II always mehed at a lower temperature than their corresponding
isomer 1. During the first hcaling, compound Ile (» = 5) showed an enantiotropic ne-
matic mesophase over a very nurrow amsotropic domain (2°), while the nematic phase

Table |. Phase-Transition Temperatures T [PCI*) and Enthalpy Changes AH [k)fmol] of Ferrocene Derivatives |
During the Firs) Heating-Cooling Cycle

n T{4H) for Iransilions
C /G Cafl N1 Recrysl.
la l - 238 (77.4) 187°) (2.6) 14t
b 2 1929 (13.9) 226 (69.2) 203%) (3.4) 144
lc 3 1569 (13.5} 217 (70.4) 1765} (3.6) 14
1d 4 - 210(81.2) 1765 (3.6) 153
le 5 - 178 (71.2) 159%) (3.4) 138
I 6 1619)(25.0) 172 (40.8) 153 (3.0 140
Ig 7 1574 (9.9) 169 (46.0) - 136
lh 8 - 167 (63.3) - 153
L g - 170 (68.6} - 155
1j 10 - 170 (6.0} - 159
1k 1 969y (60.4) 168 (65.5) - 161
1 12 989 (52.2) 167 (71.0) - 159
Im 13 103 (66.0°7) 167 (68.8) - 158
n 14 101 {64.7)) 166 (72.9) - 139
ip 16 D7 {28.1) 165 (0.0 - 156
Ir F: RS (44.0°Y) 163 (67.7) - 133

"y C=crysial; N = nematic phase; I = isotropic liquid.

™  Dependent on the crystallization conditions during the purification stage.
) Value for monolropi¢ transition.

4)  Observed during he first heating cycle only.

‘) A smaller value was measured during the second healing cycle.
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Table 2. Phase-Transition Temperatures T [°CI*) and Enthaipy Changes A [kIfmol] of Ferrocene Derivarives 11
During the First Heating-Cooling Cyele

i T(AH) for transitions
C/C,y  Crfl CiafSa Sa/N S/l Cy/N  NfI Recryst.
11b 2 - 186 (5t.5) - - - - 1779 (3. 1) 155
e 3 - 182 (66.3) - - - - 144y 141
11d 4 164 {55.5} - - - - 1579{3.2) 123
Ie 5 - - - : - 154" 1569 124
11f 6 1519 (8.6) 167 (51.7) - 1457} - - 1619 {4.0) 135
g 7 - 165(68.3) - - 1545 (5.9) - - 136
[ih E - 164 (73.8) - - 1579 (8.3) - - 139
1li 9 151(46) - 6oty - 163 - - 133
1] 10 - - 156 (70.4) ~ 165(3.9) - - 132
1k 11 - - 155 {73.1y - 167 (10.6) - - 134
1t 12 153 - 1559 - 169 ¢11.5) - - 135
Iln 14 149¢%y - 1531 - 169{11.0) - 132
Ip 16 145¢%) - 152 - 166 (12.9) - - 131
") C=crystal; N = nematic phase; §, = smetic-A-phase; [ = isotropic liguid.
b Dependant on the crystallization conditions during the purification stage.
f}  Value for monaotropic teansition.
4y Not measurable due to peak overlap.
*)  Observed by means of polarized-light microscopy only.
Y Observed during the first heating cycle only.
Temp.[°C] 250
I
200 -
Ny
150
C
100 T~ T T T T T ¥ I I I I I i I I I 1
2 4 6 8 i0 12 14 16 .18

Aikyi chain length (n)

Fig. |. Phase dingram of ferrocenes 1.
®: Melting point; ¢ : isotropic liquid/nematic transition; O recrystallization.
C =crystal; | = isotropic liquid; N = nemalic phase.



870 HELVETICA CHIMICA ACTA - Vol. 76 (1993)

Temp. [°C] 2c¢

180 7

160 7

140

120 7 c
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Fig. 2. Phase diagram of ferrocenes 11. @ Melling point; #: nematicfisotropic liquid transition; A : smectic-Af
isotropic liquid lransition; <: isolropic liquid/nemalic transilion; A : isolropic liquid or nematic/smectic-A
Iransition; O: recrystallizalion. C = crysial; t = isotropic liquid: N = nematic phasc; S, = smectic-A phase.

only appeared at the phase transition 10 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 IIf {n = 6) yielded two
menotropic 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, lg,h (1 = 7, 8), and then, from 11i (n = 9) on,
enantiotropic. The smectic-A range broadened from 3° (i (1 = 9)Y 1o 16° {IIn (i = 14)).
During the cooling run, componnds 11l {(# = 12), lIn (1 = 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-transitions sequence was observed for 1Ir (1 = 18, Scheme 3).
On heating, a crystal-crystal transition appeared at [02°, At 143°, the material melted to a
smectic-A phase, but, at 147°, recrystallized again into a new crystalline form. This latter
melled at 150° to a smectic-A phase whose clearing temperature was found to be 163°
(4H =122 ki/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) rcsults in a reorganization of the molecules in the
mesophase giving rise 10 a more stable crystalline form. Snch behavior was already
observed for different types of liquid crystals [23].




::. -‘ A 1,-’\'-',«1.
AT AT o : ETRNY :
7 iﬂ—'?‘-’"fﬂ.":”"f IR S § WO IR "‘W\ [ e T
Fig. 4. Represemtative thermal polarized optical micrograph of the focal-conic texture displayed by T (1 = 12) in the
smectic-A phase upon cooling from the isotrapic fiquid to 164° (200 x )
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Scheme 3. Phase-Tronsition Temperatares of e (n = 18)

o o ' 163°C
Crystal 1 102°C Crystal 2 143°C Smectic A ﬂ, Crysial 3 I5PC Smectic A 53— lsotropic liquid
62°C

lu&*c
First crysiallization form
L132°C

Second erysiallization form

In all cases, the smectic-A phase was identified by means of polarized-light mi-
croscopy from the observation of both homeotropicand {ocal-conic iextures. A represen-
tative example of a focal-conic texture is given in Fig. 4.

The results reported above clearly demaonstrate the strong influence of the central
linking ester [unction on thie mesemorphic properties. An explanation of this influence
can be attempted on the basis of structural and electronic eonsiderations. By analogy toa
1, 1"-disubstituted ferrocene-containing liquid crystal, whose struciure was recently deter-
mined by X-ray diffraction [24), we can assume that ferrocenes 1 and 11 adopt the
trans-conformation (S shape; see Formulae). In such a conformation, derivatives 1and 11
exhibit a C, axis of symmetry which is perpendicular to the plane carrying the sub-
stituents. Therefore, local, rather than overull elfects must be taken into consideration for
understanding the difference between I and 11 at the structural level.

The organic {ragments A and B are used for constructing I and 11, respectively.
Comparison of the two isomeric structures reveals interesting characteristics for each
moiety. Firstly, in A, electron delocalization can occur from the O-atom of the alkoxy
chain to the ester function. Thus, mesomerism 1akes place in the external part of the
organic fragment. However, in B, electron delocalization appears in the tnterior 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 delocalization (electrostatic interactions) and rota-
1ional motion {rigidity of the crgamc rod) presentied above is probably at the origin of the
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different mesomorphic behavior observed belween 1 and I1. These observations are in
agreement with literature data [12) obtained for wholly organic liquid erystals. It is
important Lo point out that the clectronic and structural fealures of A do not prevent the
formation of stable liquid crystals. Indeed, the 1,3-isomeric analogues {(n = 6-8) of I gave
rise to large enantiotropic nematic mesophases [11]. Most likely, the highly anisometric
strueture of the 1,3-ferrocene derivatives was responsible for such a behavior.

In conclusion, we have shown wilh the present results and with those recently pub-
lished [11] that electrostatic inteructions and peometrical and structural fcatures can be
used 1o engineer the stability and nature of the mesophasc for disubstituted ferrocene-
conlaining liquid crystals.

We acknowledge Prof. J, It, Goedhy, University of Hull, Englund, for invaluable discussions uand for his help
in the characterization of compounds [le and L, We thank Ciba-Geigr S4. Switzerland, for finaneial support to
J-L. M. and Tar the elemental analyses, and Veba Qef AG, Germany, for 3 generous gift of fecrocene- |, I'-dicar-
baxylic acid.

Experimental Part

General. 4-(Alkyloxy)benzoic acids 1a[17), 4-(alkyloxy)phenols 7 [18], and ferrocene-1,I"-dicarbonyl dichlo-
ride {13} were prepared lollowing literature procedures. Hydroquinone monabenzyl ether (2, Fluka AG), hy-
droquinont {5, Fluka AG), and 4-(benzyloxy)benzoic acid (6a: Fluka AG) were used without further purification. .
Mesogeic properties of 3 and 8 will be reported separately, Column ehromatography (CC): silica gel 60 (0.063—
0.200 mm, Merck ). TLC: silica-gel plates {Merck ). M.p.: Biicfii-510 instrument; uncorrected. Transition emp. and
enthalpies: differential scanning calorimeter (Metiler DSC 30} connecied to a Meitler-TA-3000 system: rate
10°/min; under N, Optical studies: Zeiss-Axiescop polarizing microscope equipped with a Limkam-THMS-600
variable-tlemperature stage; under Ny, '"H-NMR Spectra: Bruker-A M X-400 spectrometer at 400 MHz: in CDCly
rel. to the internal reference TMS. Elemental analyses: Ciba-Goigy SA4, Marly, Switzerland.

M_p. and elemental analyses of all new compounds are reporied below. Further anal. and spectroscopic data
of 3{25), 4{25], 1 (25), 8 (241, 9 [26], and Vi {26] wre aviilable upon request frow the authors,

4-( Benzyloxy Jphenyl 4-Methaxybenzoate (3a, n = 1). A mixture of 4-methoxybenzoic acid {Ia, n = 1; 3.45 g,
22.5 mmol) and SOCI,; (16 g) was heated at reflux for 2 h. The excess of SOC); was removed under vacuum. The
acyl chloride Ib was esterified with hydroquinone monobenzyl cther (2; 4.95 g, 24.7 mmol) in dry CH,C; (50 ml)
under reftux for 2 hin the presence of ByN {228 g, 22.5 mme). The sotn. was cooled 10 1.1, washed with sat.
NaHCO, soln. and sat. NaCl soln., dried (MgSQ,), and evaporated. Purification of the resulting residue by CC
(hexane/AcQEt 2:1) and by crysiallization from CH,Cl,/EIOH pave 3a (n = 1; 6.26 g, 83%). While solid. Ry
{hexanefAcOEt 2:1) 0.42. M.p. 141° "H-NMR: 3.0 (5, MeO}: 5.07 (5. PhCH,); 6.98 (4, 2 arom. H): 7.01 {d.
2 arom. H); 7.11 {d, 2 arom. H); 7.33-7.45 (1. 5 arom. PRCH.): 8.5 (4, 2 arom. H). Anal. cale. for Cy\H 0y
(334.38): C 75.43, H 5.43; found: C 75.05, H 5.47.

Compounds 3b-I, n{n = 2-12, 14) were prepared according to the above procedure in 75-85% vield from the
corresponding acid ia (rr = 2-12, 14). Sclected anal. data: Tabife 3.

4-Hydraxypheny! 4-Methoxvbenzoate (da, o =1). A mixiure of 3a (v =1[; 2.0 g, 6.0 mmol), 10% Pd/C
(0.20 g), and CHCi,/EtOH 1:5 (150 ml) was shaken overnight under Hy (20 bars). The solids were removed by
fltration, and the soln, was evaporated. The resulting residuc was erysiallized from E\OH/fpentane: da(» = 1; 1.43
g, 98 %). White solid. M.p. 156° ([14): 156°). "H-NMR: 3.90 (s, McO); 5.39 (br., OH); 6.79 (4. 2 arom. H): 6.98 (d.
Yarom. H): 7.02 (¢, 2 urom. H): 8.15 (d, 2 arom. H).

Compounds db-1, a{n = 2-12, 14) were prepared accarding to the sbove procedure in 90-95% yield from the
corresponding protected ester 3 (1 = 2-12, 14). Selected anal. duia: Tahle 4.

4-Hydroxyphenyl 4-( Tridecyloxy)benzoote (dm, = 13), A soln, af In (2 = 13; 1.8 g, 5.6 mmol) and SOCI,
([5 g) was stirred under reflux. After 2 b, the excess of SOCI; was removed under vacuum. A mixture of the acyl
chloride. hydroguinone (5; 3.10 g, 28.2 mmol), and dry pyridine (35 ml) wis siirred at r.t. for 24 h, The mixture was
poured onto 2v HCI (200 ml) and a solid precipitated. This lalter was recovered hy filtmation, stirred  with sal.
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Table 3. Sefecred Analytical Data of Compornds 3 and 8

n Caleulated 3 8
%C %H M.p. [°C] %C Yl M.p. [°C] %C %H
L 1 75.43 543 141 75.05 547
b 2 75.84 5.79 143 75.57 5.48 137 75.90 579
[ k} 76.22 6.12 126 76.25 645 148 76.31 6.17
d 4 16.57 6.43 109 76.54 6.38 135 76.39 6.58
¢ 5 7690 671 124 7679 663 131 7686 670
f [ 71.20 6.93 124 71.22 7.05 113 1107 7.3
g 7 7748 1.2 110 77.46 7.14 122 77.34 7.33
h 8 71.15 7.46 95 77.69 7.49 126 777 7.52
i g 78.00 7.67 96 77.96 7.76 125 77.95 7.65
i 10 7823 7.88 97 78.18  1.93 22 7822  8.00
k | 7845  8.07 100 78.34 7.98 122 78.28 8.07
1 12 78.65 8.25 101 78.62 8.31 120 78.35 8.37
n 14 79.03 8.58 102 78.62 8.66 119 78.99 8.83
P 16 79.37 888 (19 79.32 9.00
r 18 79.68 915 118 79.71 9.29
Table 4. Selected Anaiytical Dot of Hrdroxy-esters 4 and 9
n Caleulated 4 2
%C %H M.p. [°C] %C %H M.p. [°C] %C %H
i 9 74.13 1.92 109 74.11 7.87 150 73.93 7.98
k 11 74.97 8.19 111 75.03 8.41 141 14.93 8.14
H 12 75.34 8.60 113 75.05 8.6l 139 5.3 8.83
m 13 75.69 8.80 13 75.70 8.90
14 7602 898 115 76.18 2.06 138 7590  8.89
16 76.61 9.31 13 %67  9.50
i8 7.4 9.6} 117 7123 989 134 noe 935

K,COjy soln., and filtered. Purification by CC {hexanc/AcOQEt 3:1) and crystallization from CH,ClL/E«OH af-
forded dm (i = 13: 1.35 g, 58 %). White solid. R¢(hexane/AcOEt2:130.44, M.p. 113°, 'H-NMR: 0.88 {r, Me); 1.27
{m. (CH)(CH,)1;0); 1.47 {m, CHo{CH,);,0}; 1.82 (m, CHCH,0}; 4.04 (r, CH;0); 5.32{br., OH): 6.79 (d, 2 arom.
H); 6.96(d, 2arom. H}; 7.02 (4, 2 arom. H); 8.12 (4. 2 arom. ). Anal. cale. for C3gH 1404 (412.57): C75.69, H 8.80,
found: C 75.70, H 8.90.

Compounds 4p, r (# = 16, 18) were prepared according to the above procedure in 60-65% yield from the
corresponding acid 1a (i = 16, 18). Selecied anal. data: Tahle 4.

Bisf4-(4-methoxybenzoyloxy ) phenyl] Ferrocene-1 ! dicarboxylate (Ia, n = 1), A seln. of lferrocene-1, 1’ -dicas-
bonyl dichloride (50 mg. 0.16 mmaol), 4a (r = 1: 94 mg, 0.38 mmol). dry E(;N (14 mg, ¢.32 mmol), and dry CH,Cl;
{5 ml) was heated at reflux for 2 h. The soln. was cooled to r.f., washed with sat. NaHCOQ, soln.. dried (MgS0O,), and
evaparated. The resulting residue was purified by CC (CH,ClyfAcOEL 50:1) and crystallization from CHyClyf
EtOH: Ia {86 mg, 75%). Orange solid. R (CH,Cl3/AcOEt 24:1) 0.59. '"H-NMR: 3.90 (s, 2 MeO); 4.62 (1, 4H, Cp):
5.08 {r, 4H, Cp); 6.97 (d, 4 arom. H); 7.21 (d, 4 arom. H); 7.25(d, 4 arom, H); 8.14 {d, 4 arom. H).

Ferroceng derivatives lb-n, p, v (# = 2-14, 16, 18) were prepared according Lo the above procedure in 75-85%
yield from the correspending hydroxy-cster 4 (i = 2-14, 16, 18). Selected anal. data: Table §.

4-Ethoxyphenrl 4-{ Benzyloxy )benzoate (8h, n = 2). A mixture of 4-{benzyloxy)benzoic acid {6a), SOCI, (13
ml), DMF (| drop), and dry CH,Cl- {10 ml) wus heated under reflux for 1.5 h. The mixture was coeled o r.t. and
evaporated. The acyl chloride 6b was dissolved in dry CH,Cl; (5 ml) and added, dropwise, to a soln. of
4-cthoxyphenol {7.n = 2; 3.02 g. 21.9 mmol), dry L3N (2.22 g, 21.9 mmeol), und a cat. amount of 4-pyrraolidinopy-
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Table 5. Elemental Anafyses of Ferrocenes I and 1l

" Caleutated 1 . " Calculated 1 1l

%C %H %C %H %C %H %C %H %C %H %C %H

6613 4.6 6585 4.24 i 9 70.73 657 .63 670 T0.65 6.54
66.85 4.54 606.68 4.58 66.77 4.58 ] 10 7116 680 71.14 674 7118 692
67.57 489 6739 482 67.38 492 k 1 7156 7.00 71.54 693 71.56 6928
GR.15 522 6B.07 5.0B 6809 5.2 [ 12 794 221 7202 73R TIRY T13B

o ™Mt o N o
D 3 O ta B L b e

68.74 551 68.67 542 6B.74 502 w13 7230 7.3y 7235 744

6928 581 6919 5.8% 69.28 589 n i4 7265 757 7236 159 7258 172
69.80 6.08 69.84 601 6971 6.14 P 16 7328 7.91 7303 805 7319 801
70.28 6.33 70.38 630 70.)9 6.48 r 18 7386 821 7382 B8 7397 829

ridine in dry CH;Cl; (5 mb). The mixture was heated under reftux for 3 h, cooled to r.1., and evaporaied.
Crysiallization of the resulling residue from EtOH gave 8b(n = 2; 7.25 g, 95%). White solid. M.p. 137°. 'H-NMR:
§.42 {1, Me}; 4.04 (g, CH;0); 5.16 (s, PhCH,); 6.91 (d, 2 urem. H); 7.05 (d, 2 arom. H); 7.10 (d, 2 arom. H);
7.35-7.46 (m, PACH,); 8.14 {d, 2 arom. H). Anal. calc. for CyHye0, (348.40): C 75.84, H 5.79; found: C 75.90,
H 5.79.

Compeunds 8e-1,'n, p, t (n = 3-12, 14, 16, 18) were prepared according Lo the above procedure in 80-90%
yield from the corresponding 4-(alkoxy)phenel 7 {n = 3-12, 14, 16, 18). Selected anal. data: Table 3.

4-Ethoxyphenyl 4- Hydroxybenzoate (9b, n = 2). A mixture of 8b (n = 2; 7.25 g, 20.8 mmol), 10% PdfC(0.72 g)
and THF/CH,Cl, (100 ml) was shaken overnight under H; (4.5 bar). The sclids were removed by Eltration and the
soln. evaporated. The resulling residue was crystallized from hexane: 99 (r = 2; 3.44 g, 64%). White solid. M.p.
2072 ([18): 204-207%), 'H-WNMR: 1.42 (t, Me); 4.04 (¢, CH;0}; 5.43 (br., OH); 6.90 (¢, 2 arom. 1H}; 6.92 (4, 2 arom.
H); 7.10(d, 2 arom. H); 8.11 {d, 2 arom. H).

Compounds %e-l, o, p, ¥ (n = 3-12, 14, 16, 18) were prepared according 10 the above proeedure in 70-90%
yield fram the corresponding proteeted ester 8 (n = 3-12, 14, 16, 18). Selected anal. data: Tabled,

Bisf4-(4-ethoxyphenoxycarbony!)}phenylf Ferracene-1.1'-dicarboxylate (Hb, n = 2). A soln. ferrocene-1.}"-
dicarbonyl dichloride (70 mg, 0.282 mmol), $b (n = 2; 146 mg, 0,564 mmol), dry E13N (57 mg, 0.564 mmol), and 2
cat. amount of 4-pyrrolidinopyridine in dry CH,Ci, (10 ml) was heated under reflux far 3 h. The soln. was cocled
to 1.1. and evaporated. The resulting residue was punibied by CC {CH,Cl,jAcOE 10:1) and crysiallization from
EtOH/CH,Cl,: 11b (183 mg, 86%). Orange solid. Ry (CHyCly/AcOEL 10:130.78, '"H-WMR: 1.43 (1, 2 Mc): 4.04 (q.
2 CH,0); 4.66 (t, 4HCp); 5.10 (1, 4H, Cp); 6.91 (4, 4 arom. H); 7.10 {(d, 4 arom. H); 7.33 (d, 4 arom. H); 8.20 (d,
4 arom. H).

Ferrocene derivatives e, n, p, r (n == 3-12, (4, 16, 18) were prepared according ta the abeve procedure in
70-90% yield from the correspanding hydroxy-ester 9 (n = 3-12, 14, 16, 18). Selected anal. data: Table 5.
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Disubstituted Ruthenocene-containingt Thermotropic Liquid Crystals:

A Novel Family of Metallomesogens
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The synthesis and mesomorphic behaviour of the first family of 1,1-disubstituted ruthenocene-containing liquid

crystals are reported.

Keywords: Metallomesogen; Liquid crystal;, Thermolropic

Intense rescarch activity has been devoted to metallomesog-
ens.” The search for original structures possessing unique
properties has been the main motivation for these studies.
However, little aitention has been focussed on metallocene-
containing liquid crystals. The few known examples are
derived from the ferrocene unit, the derivatization of which
leads to thermotropic monosubstituted® and 1,1-
disubstituted® compounds. The monosubstituted ferrocenes
exhibited only ncmatic mesophases.? However, the 1,1'-
disubstitution led to smectic ¢3¢ and nematic® or smectic
A’ liquid crystals. The stability of the mesophases strongly
depended on the structures of the compounds. In some
cases,*™* the tcxtures could not be identified. Recently, we
prepared the first 1,3-disubstituted ferrocene-containing liquid
crystals and demonstrated the strong influence of structurai
isomerism on the mesogenic properties.* While the 1,1'-
disubstituted ferrocenes indeed exhibited either monotropic
nematic or non-mesogenic behaviour, their [,3-isomeric
analogues, owing to their highly anisometric structure, gave
rise to large enantiotropic nematic mesophases.

To investigate further and rationalize the capabitity of
metallocenes for forming thermotropic materials, the design
and study of new structures is of prime importance. We
report herein the synthesis and mesomorphic behaviour of
ruthenocenes substitutied in the 11" positions, To our
knowledge, ruthenocene-containing theemotropic liguid crys-
tals have not been described previously.

Compounds la—f were prepared by esterification of 1,1'-
ruthenocene diacid chloride (by an analogous method to that
of 1,I'-ferrocene diacid chloride®) with the appropriate phenol
derivative.® The syntheses were performed in CH,Cl;, under
reflux, in the presence of iriethylamine and catalytic amounts
of pyrrolidinopyridine. Purification by column chromatogra-
phy (stlica gel, CH,Cl,~AcOEt 50: 1) and crystallization from
EtOH-CH,ClI; aflorded the pure compounds, as pale-yellow
solids {50-55% yield). The structures were confirmed by 'H
NMR spectroscopy and elemental analyses. The mesomorphic

1 Ruthenocene = bis(y-cyclopentadienyl jruthenium(a).

Table | Phasc-transition lemperatures and enthalpy changes of
ruthenocene denivatives 1a—f

compound transition? T/°C AHYKI mol ™!
1a C—] 173 68.4
(IS0 (161) d
th C—l 169 6E0
(=5, {164) (8.3}
le C—5, 167 o
S.—1 169° o
1 C—S, 166 d
Sp—1 170 d
le C—S, 165 455
Sam] 173 1.0
If C—S, 161 518
S, 1 174 124

“Observed on a Zeiss Axioscop polarizing microscope equipped with
a Linkam THMS 600 variable temperature stage. *Measured on a
Metiler DSC-30 at a raic of 10°C min™' under a fow of nitrogen.
“Monotropic transition. *Nol measurable owing (o peak overlap.
“Observed by means of polarized-light microscopy only.

properties were investigaled by a combination of differential
scanning calorimetry (DSC) and polarized opticat microscopy.
Reproducible thermograms were obtained except for some
crysial-to-crystal transitions which disappeared after the first
heating—cooling cycle. These modifications will be discussed
in the subsequent full report. The main transition temperatures
and enthalpy changes are summarized in Table I.

When heated, compounds 1a and b melied directly into an
isotropic liquid. As expected, the melting poinl decreased as
the number of carbon atoms in the alkyl chain increased.
When they were cooled rom the sotropic state, they both
gave rise to 4 monotropic smectic A phase. More inicresting
mesomorphic properties resulied for le—f. Indeed, these latter
compounds had an cnantiotropic smectic A phase. The
anisolropic domain was narcow for 1¢ (2 °C) and 14 (4 °C),
but broadened rapidly for 1e (8 °C) and 1f (13 °C). In all

@COZQCOzAQOCﬁzn, 1
Ru
Hzn.1cn9©~ozc—®-o=<:—©

1an=8bn=9%¢cn=10
dn=11an=12fn=14
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cases, the smectic A phases could be identified from the
observation of both homeotropic and focal-conic textures.”

Comparison of the mesogenic properties of 1a—f with those
of the analogous ferroeenes® shows that both series give rise
to smectic A mesophases. The ruthenocene derivatives melt
at higher temperatures {ce. 10 °C) than the ferrocene ana-
togues. On the other hand, the clearing points appear in both
families at similar temperatures, Consequently, the anisotropic
domains of the ruthenocene derivatives are shorter than those
of the corresponding ferrocenes. However, this tendency
attenuates as the alkyl chain length increases. In conelusion,
we have demonstrated that the ruthenocene framework is a
valuable organometallic unit for the design of stable met-
allomesogens, '

We acknowledge the Johnson Matthey Technology Ceatre
for a gencrous loan of ruthenium trichloride hydrate (used to
prepare the ruthenocene).
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Unsymmetrica.lly 1,1'-Disubstituted Ferrocene-containing
Thermotropic Liquid Crystals.

Robert Deschenaunx,* Mafalda Rama, and Julic Santiago.

Université de Neuchitel, Institut de Chimie, Av. de Bellevaux 51, 2000 Neuchitel, Switzerland.

Abstract: The synthesis and mesomorphic properties of the first family of unsymmetrically
1,1'-disubsttuted ferrocene-containing liquid crystals are reported.

Metallocene-containing liquid crystals have recently been shown 1o be a valuable class of
metallomesogens. Indeed, wel, and others?, described the first 1,1-disubstituted ferrocene-containing
liquid crystals which exhibited broad nematic and/or smectic A mesophases. Extension of our
investigations to other metallocenes led to the first 1,1'-disnbstitnted ruthenocene-conraining liquid
crystals3, These latter compounds, and their ferrocene analogues!, showed similar mesogenic properties.
Remarkable mesomorphic behaviour arose from ferrocene substituted in the 1,3-positions? as large
cnantiotropic nematic andfor smectic C phases were observed in each case. Thermotropic liquid crystals
exhibiting smectic C phases are of interest for the development of electro-optical devicesS.

All disubsttuted thermotropic metallocene derivatves studied thus far are symmetrically derivatized.
Therefore, we thonght that a non-symmetrical structure would be of interest to investigate further the
structure-mesogenic properties relationship.

We describe herein the synthesis and mesomorphic behaviour of compounds 1a-f, which constitute
the first family of unsymmetrically disubstituted ferrocene-containing liquid crystals, The structures of all

new compounds, i.e. ka-f, 2¢,d and 4a-c, were confirmed by "H-NMR spectroscopy and elemental

S ) )00
Fa
HanaC0—~ Y00~ Y-0,0-4>

1 a:n=11,b:r=12,¢: n=13
d: n=14, a: n=15,(: n=16

analyses,
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Ferrocene-1,1'-dicarboxylic acid, 2a, was converted into the diacid chloride, 2b, following a
literature procedureS. Treatment of 2b with benzylalcohol in CHCly, at reflux, in the presence of EyN
gave, after purification by column chromatography (silicagel, CH2CI2/AcOE/AcOH 8:2:0.1}, the
monoprotected intermediate 2¢ (51%, m.p, = 146-148°C). The monoacid 2¢ was transformed into the acid
chloride 2d (97%, m.p. = 68-69°C) by reaction with oxalylchloride (CH2Cly, Et3N, reflux). Esterification
of 2d with 4-(decyloxy)phenyl 4-hydroxybcnzoatc‘, 3, (CH,Cly, Er3N, reflux) led to 4a {56%,
m.p.=107-109°C), Removal of the benzyl protecting group under standard reaction conditions
(EtOH/CH2Cl3, Hy/Pd-C) gave 4b (83%, m.p. = 174-177°C), which was subsequently transformed into
the acid chloride 4¢ (96%, m.p. = 108-111°C), applying the procedure used for the preparation of 2d.
Finally, condensation of 4c with 4-hydroxyphenyl 4-(alkyloxy)benzoate!, 5, (n = 11-16) (CH;Cly, E3N,

reflux) gave the targeted molecules 1a-f (65-70%), as orange solids”.

Fa Fa
o) 0,
<> <>

X

2 8 X=Y=OH 4 a:X=0Bn
b: X=Y=Ci b: X=0H
c: X=0Bn, Y=0H c: X=CI
d: X=08n, Y=ClI

Abbreviation: Bn = banzyl

,Ho_O.coz—Q-ocme HO—@—OZC—G—OC,,HZM
3

5 n=11-16

The thermal properties of la-f were investigated by a combination of differential scanning
calorimetry (DSC) and polarized optical microscopy. The transition temperatures and enthalpy changes are

reported in the Table. All complexes presented stectogenic properties, Ferrocene derivative 1a exhibited



only an enantiotropic smectic A phase. Compound 1b gave an enantiotropic smectic A phase, and a
monotropic smectic C onc. Further increase of the alkyl chain length led to enantiotropic smectic C and
sectic A phases and 10 broad anisotropic domains, as shown by 1d (17°C), e (19°C) and 1f (21°C).
However, the smectic C range increased (7°C for 1d, 13°C for e and 16°C for 1), and, inversely, the

smectic A one attenuated (10°C for 1d, 6°C for le and 5°C for 1f).

Table. Phase-transition temperatures and enthalpy changes of the ferrocene derivatives 1a-f.

Compound n Transition? TC AHb/KI-mol-1

1a 11 C-Sa 144 41.0

SA-1 149 9.6
1b 12 C-Sa 143 42.0

{Sa-Sc)ed (138)

Sa-1 150 9.9
lc 13 C-Sc 140

5c-5,d 144 ¢

Sa-l 151 10.5
14 14 C-S¢ 135 35.9

S5c-5,d 142

Sa-l 152 11.0
le 15 C-Sc 132 37.7

Sc-Sad 145

Sa-l 151 11.0
1f 16 C-S¢ 132 38.7

Sc-Sud 148

Sa-l 153 11.6

20bserved on a Zeiss Axioscop polarizing microscope equipped with a Linkam THMS 600 variable iemperature stage; C:
crystal, N: nematic, S5 smectic A, Sc: smectic C, |- isotropic ligeid.?Measured on a Mettler DSC-30 at a rate of 10°C-min-!

under a flow of nitrogen. *Monowopic transition. d0bserved by means of polarized optical microscopy. ®Not measurable

owing o peak overlap.
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4+

The results reported above demonstrate 1hat introduction of a dissymmetry had two effects on the
thermal properties. Firstly, in comparison with the ferrocenc derivatives symmetically substituted in the
1,1"-positions!, a deprcssion of the melting point was observed. Secondly, ferrocene-containing liguid
crystals \v;rhich exhibited smectic C and smectic A phases were obtained for che first ime. In conclasion,
fine tuning of the mesomorphic properties fdr 1,1"-disubstituted ferrocene-containing liquid erystals has

become feasible, o L

Acknowledgments: We thank the Swiss National Science Foundation for fingncial support.
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1,3-Disubstituted Ferrocene-containing Thermotropic Liquid

Crystals of Form

(°-CsHs)Fel(n°-C5H;)-1,3-(CO,CcH,CO,CH,OC H,, . 1).]

Robert Deschenaux,** Julio Santiago,” Daniel Guillon® and Benoit Heinrich®
& Université de Neuchdtel, Institut de Chimie, Av. de Bellevaux 51, 2000 Neuchétel, Switzerland
® Institut de Physique et Chimie des Matériaux de Strasbourg, Groupe des Matériaux Organiques,
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The title compounds have been synthesized and their liguid-crystal properties investigated. The reported ferrocene
derivatives exhibited enantiotropic nematic and/or sinectic A phases associated with broad anisotropic domains. The
molecular arrangement within the smectic A phases was studied by X-ray diffraction. The experimental data, compared
to the values obtained from CPK models, suggested a monolayer molecular organization with a pronounced chain
disorganization for the medium- and long-chain derivatives,

The mesomorphic properties of ferrocenc-containing thermo-
tropic liquid crystals have recently been reviewed.! Among
the structures reported so far,' 1,3-disubstituted ferrocene-
containing liquid crystals? are of particular interest. Indeed,
1,3-substitution led to thermotropic materials which exhibited
remarkabie liquid-crystalline properties compared with those
obtained for the 1,1~ and 12-isomeric analogues: the
1,3-disubstituted ferrocene derivatives showed enantiotropic
nematic andfor smectic C phases,” while their 1,1"-isomeric
analogues (series I in ref 3) gave only monotropic nematic
phases (for the short-chain derivatives} and their 1,2-isomeric
analogues (structure I8 in ref 1) werz found to be non-
mesomorphic.

The origin of the strong liquid-crystalline character resulting
from 1,3-disubstitution can be explained on the basis of
structural considerations, First, the two substituents, located
on each side of the cyclopentadienyl ring, are disposed in a
coplanar arrangement. Such a situation, provided that the
rigid rod is sufficiently long, can thwart the unfavourable
steric effect of the bulky ferrocene core, which strongiy
decreases the mesomorphic behaviour {with respect to the
ferrocene-free material) when incorporated into a mesogenic
structure. The tendency of the ferrocene unmit in decreasing
the liquid-crystalline properties, was also clearly established
in the case of 1,I'-disubstituted ferrocene derivatives.*
Secondly, the X-ray crystal structure determined for one
derivative®® revealed a highly anisotropic structure for the
1,3-disubstituted ferrocene derivatives, so allowing favourable
intermolecular attractions.

More information is required to understand fully the
structure-mesomorphic properties relationship for the
1,3-disuhstituted ferrocene derivatives, particularly concerning
their supramolecular organization in liquid-crystalline states.
Therefore, to explore further the capability of such structures
for forming liquid-crystalline materials, we describe the prep-
aration, mesomorphic properties and X-ray difiraction studies
of the new ferrocene derivatives I These compounds differ
from those previously reported® hy the orientationm of the
external ester functions.

Results and Discussion
Syntheses '

Ferrocene derivatives I were prepared by reaction of the
ferrocene  1,3-diacid chloride® with the 4-alkoxyphenyl
4-hydroxybenzoates® (n=5-8, 10, 12, 14, 16, 18)in dry CH,C],,

at reflux, in the presence of Et;N. Purification by column
chromatography (Silica gel; CH,Cl,-AcOEL, 50:1 v/v) and
crystallization from CH,Ci,-EtOH gave the desired com-
pounds in 70% yield. The structures were confirmed hy 'H
NMR spectroscopy and elemental analysis.

Mesomorphic Properties

The transition temperatures and enthalpy changes were deter-
mioed by differential scanning calorimetry (DSC) and are
reported in Table 1. The mesophases were identified by a
combination of thermal polarized optical microscopy and
X-ray diffraction. The phase diagram of compounds T is
illustrated in Fig. 1.

All ferrocene derivatives I exhibited a strong liquid-
crystalline character. The first member of tbe series, I (n=35),
showed an enantiotropic nematic phase associated with a
broad liquid-crystal range (62 °C). On cooling from tbe
isotropic state, & monotropic smectic A phase formed after
the nematic phase. Owing to the high clearing temperature,
slight decomposition was detected in the isotropic liquid. The
ferrocene derivatives I (n=6) and I (hn=7) exhibited two

Table 1 Phase-transition temperatures/°C’ and enthalpy
changes/kJ mol™! of ferrocene derivatives I
n C-§, Se-8x C-N  §,N S,-1 N-1
50— — 136 (178)8¢ — 248
326 2.6
6 19 — — 219 — 239
4721 32
7 190 — — 228 — 233
413 1.0 34
g 190 — —_ — 228 —
450 74
10 185 —_ — — 227 —
44.9 105
12 173 — — — 223 —
43.3 116
14 174 — — — 219 —
43.8 124
16 1 —. — —_ 213 —
40.4 13.7
18 lég (163t — — 208 —
432 130

“ C=crystal, N=nematic phase; S, =smectic A phase; Sp = smectic C
phase; I=isotropic liquid. ® Monotropic transition. ¢ QObserved by
polanzed optical microscopy only.
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Fig. 1 Phase diagram of ferrocenes 1. @, Melting point; #, clearing
point; A, smectic A—nematic iransition; O, smectic A-smectic C
transition; A, nematic-smectic A transition.

enantiotropic mesophases, a smectic A phase and a nematic
pbase. Compounnds I (n=8, 10, 12, 14, 16) gave rise to
enantiotropic smectic A phases with large anisolropic
domains. Finally, the last member of tbe family, I (n=18),
sbowed two mesopbases, a broad enaotiotropic smectic A
pbase and a monotropic smectic C phase. :

Typical textnres were observed by means ol polarized
optical microscopy. When I (n=5-7) were cooled from the
isotropic lignid, the nematic phases appeared either in the
schlieren texture or in the homeotropic one. In the latter case,
bright flashes were observed when the preparation was
toucbed with a spatula. The nematic to smectic A transition
was clearly detected by polarized optical microscopy and in
ooe case, Le for 1 (n=7), also by DSC. Wheo ferrocene
derivatives I (n=§, 10, 12, 14, 16, 18) were cooled from the
isotropic liquid, focal-conic fan textures and, in several cases,
bomeotropic zones, baoth characteristic of the smectic A
phases, were observed. For I (n=18), the smectic A to smectic
C transition was identified by tbe formation of a schlieren
texture from the previous bomeotropic zones, and by the
trauvsformation of the focal-conic fan texture (Plate 1) into
tbe broken focal-conic fan texture (Plate 2).
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To strengthen the ioterpretation given from the observations
obtained by polarized optical microscopy, and to gain iofor-
mation abont the malecular organization withio tbe liquid-
crystalline states, the smectic phases of the ferrocene deriva-
tives I (n=6, & 10, 18) were analysed by X-ray diffraction.
The nature of tbe smectic A phases was thas clearly confirmed.
Each of these compounds gave similar data, i.e. X-ray patterns
presentiog a sharp ring in the low-angle region and a diffuse
one in the wide-angle region. The moootropic smectic C phase
of I (n=18), which crystallized during experiment owiag (o
its short existence range (S,—Sg, 163 °C; Sc—C, 158 °C), could
not be characterized by X-ray diffraction.

The layer spacing, 4, obtained by X-ray diffraction, the
molecular length, L, measured from CPK models, and the
corresponding dfL ratio are reported ip Table 2. For the fer-
rocene derivatives 1 (n==6) and 1 {(n=8), the d/L, ratio ranged
between 0.9 and 1.0 and indicated a monolayer arrangement
of tbe molecular units in the smectic A phases. On increasing
tbe alkyl cbain length, i.e. for componnds I {(n=10) and I
(n=18), the 4/L ratio decreased to 0.78 [I (n=18)]. The
discrepancy between the layer spacing and the molecular
length can be attributed to the prononnced disorganized state
of the long alky] chains which can fold easily owing to the
lateral bulkiness of the ferrocene moicty. However, we cannot
exclude that the low 4/L values may also originate from
intensive orientational fluctuations or from pre-existing
smectic C correlations in the smectic A phase. These resnlts
are in agreement with literature data reported for otber
metallomesogens.®

Tahle 2 Layer spacing of ferrocene derivatives I

n A T/C EA d/L '

6 42.1 200 46 0.92

8 50.1 200 51 0.98
10 49.6 200 57 087
18 59.9 190 7 0.78

“ From X-ray diffraction. ®* From CPK models in the fully extended
conformation.

Plate1 Thermal optical micrograph of the focal—conic fan texture displayed by 1{n=18) in the smectic A phase upon cooling from the

isotropic liquid to 204.7 °C
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Plate 2 Thermal optical micragraph of the hroken focal—cenic fan texture displayed by E(n=18) in the smectic C phase upon cooling from the

smectic A phase (see Plate 1) to 154.8 °C

Hz,,,,c,,o@—ogc—Qozc—@coaﬂcoz—Q—ocnﬁzn,,
Fa

The strong liquid-crystal character shown by ferrocene
derivatives I can be interpreted on the hasis of structural
features. In fact, in a previons report, hy comparing the
thermal properties of two families of fetrocene derivatives
substituted io the 1,3-positions, we demonstrated that meso-
morphism develops from an }/I' ratio > 5-7 {I=1ength of the
rigid rod; I'=distaoce between the two cyclopentadieoyl riogs
of the ferrocene uuit). In the present stndy, the leagth ! of the
rigid segment in I was fonud to be ca. 27.5 A (in the most
extended conformation) from CPK molecular models. The
depth ' of the ferrocene core being ca. 3.3 A,7 ao I/I' ratio of
8.3-84 is obtained. Therefore, this value confirms that ferro-
ceae derivatives I possess the required structnral character-
istics for exhihiting pronounced mesomorphism.

The ferrocene derivatives I and those reported in ref. 2 differ
in the orientation of the external ester functions. It is interes-
tiag to poiat out that, whereas compounds I exhihit smectic
A aond nematic phases, their isomeric structures gave smectic
C aod nematic phases.? These ohservations, which show the
strong iofluence of the organic substitneats oo the ature aud
stahility of the mesophases, can be explained in terms of
electronic effects. Owing to the Cg symmetry of compounds I
{aud of their isomeric analogues®), local effects can he
coonsidered.

The organic fragments I and 2 were used for coustructing
ferrocene derivatives I aud their isomeric analogues,® respect-
ively. In structure I, electron delocalization takes place in the
interior of the organic fragment. Ia structure 2, electron
delocalization occurs in the opposite direction, from the O
atom of the alkoxy chaiu to the ester function. Cousequently,
(1) electron delocalization is more exteaded io 2 thau in 1,

I (#=5-8,10,12,14,16,18)

and (2) the O atom of the ether group is more polar in 2
than in 1.

The electron delocalizatioo presented above which leads to
different intermolecular interactious for each organic fragmeut
is, most likely, at the origio of the differeat mesomorphic
hehaviour observed between the two isomeric semes. Such
results, which were also observed for isomeric 1,1-
disnbstituted ferrocene derivatives, are iu agreement with
literature data reported for wholly organic liquid crystals.®

Finally, the liquid-crystal ranges reported herein, and those
exhihited hy the first family of 1,3-disuhstituted ferrocene
derivatives,’ represent the largest auisotropic domains
ohserved to date in case of ferrocene-containing thermotropic
liquid crystals.

a5,
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Conclusions

The synthesis and characterization of the sccond family of
homologous 1,3-disubstituted ferrocepe-containing thermo-
tropic liquid crystals are described. Ferrocene denvatives 1
exhibited broad enantiotropic smectic A andfor pematic
phases. X-Ray investigations suggested a molecular organiz-
ation into monolayers with an important chain disorganiz-
ation for the medinm and long-chain derivatives (n=10, 18)
within the smeclic A phases. The present resolts, and those
recently described,? cleatly show that {,3-disubstituted ferro-
cene-containing thermotropic liguid crystals, owing to their
high thermal stability and pronounced mesomorphic charac-
ter, are valuable metallomesogens.? Furthermore, the electro-
chemical characteristics of the ferrocene unit,” which can be
reversibly oxidized into the ferrocenium species, combined
with the mesomorpbic propertics of the 1,3-disubstituted
ferrocene derivatives, make such compounds interesting candi-
dates for elaborating liquid-crystalline materials irom elec-
troactive molecular uaits.

Experimental
General

Ferrocene-1,3-diacid chloride,” and the 4-alkoxyphenyl
4-bydroxybenzoates® were prepared as in the literature.
Column  chromatography {CC} used Silicagel 60
{0.063-0.200 mm, Merck) and TLC used Silicagel plates
(Merck). Transition temperatures and eotbalpies were deter-
mined with a differential scanning calorimeter {Mettler DSC
30) conpected to a Mettler-TA 3000 system, rate 10 *C min ~!
under N, Optical studies were conducted using a Zeiss-
Axioscop polarizing micrascope equipped with a Linkam-
THMS-600 variable temperature stage under N,. A Bruker
AMX 400 spectrometer at 400.13 MHz was used for '"H NMR
spectra. X-Ray diffraction patterns of powder samples in
Lindernaon capillaries were recorded photographically at
several temperatures using a Guinier focusing camera
equipped with a bent quartz monochromator (Cu-Key radi-
ation from a Pbilips PW-1009 generator} and an electrical
ovep. Elemental analyses were conducted by Ciba SA, Marly,
Switzerfand.

Syntheses

The general synthetic procedure of bis[4-(4-alkoxyphenoxy-
carbonyl)phenyl] ferrocene-1,3-dicarboxylates I is exemplified
by the preparation of  bis[4-(4-pentyloxyphenoxy-
carbonyl)phenyl ] ferrocene-1,3-dicarboxylate I (n=5). A mix-
ture of ferrocene-1,3-dizcid chloride (0.1 g 0.32 mmaol),
4-pentyloxyphenyl 4-hydroxybenzoate {0.194 g, 0.65 mmol),
EtaN (66 mg, 0.65mmol}, a catalytic amount of
d-pyrrolidinopyridine and CH,Cl; {10 cm?®) was heated at
reflux for 3 h. The solution was cooled to room temperature
and evaperated, Puorification of the resuiting residue by CC
(Silica gel, CH,Cl;-AcOE! 50:1, v/v} and crystallization from
CH,Cl,-EtOH gave the desired compeound in 70% yield. 'H
NMR (CDCl,, TMS) &y: 0.94 (6 H, t, 2x CH,), 142 [8 H, m,
2x(CH,),], 180 (4H, m, 2xCH,CH,0), 397 (4H, t,
2xCH,CH,0), 448 (5H,s,Cp), 528(2H,d, Cp), 5.80(1 H,

J. MATER. CHEM.,, 1994, VOL. 4

Table 3 Elemental analytical data of ferrocene denvatives I {calculated
values in parentheses)

n C(%) H(%)

5 68.76(68.74) 5,59(5.53)

6 69.06(69.29) 5.58(5.81)

7 69.87(69.80) 6.14{6.08)

8 70.27{70.28) 6.42(6.34)
10 70.86(71.16) 6.87(6.80)
12 71.84(71.94) 7.30(7.21)
14 72.55(72.65) 7.39(7.57)
16 73.22(73.28) 7.78(791)
18 73.87(73.86) 806(8.21)

t,Cp), 694 {4 H,d, 2% 2H-arom }, 7.13(4 H, d, 2 x 2H-arom.),
735 (4H, d, 2x2H-arom.), 8.29 (4 H, d, 2 x 2H-arom.). IR
{XBr) v, fem™% 3132, 2933, 2869, 1733, 1604, 1467, 1415,
1120, 1103, 869, 834, §14. Found:; C, 638.76, H, 5.59; calc. for
C,Has0 o Fe (838.74). C, 68.74, H, 5.53%.

Ferfocene derivatives I (n=6-8, 10, 12, 14, 16, 18} gave
analytical data which were in agreement with their structore
(Table 3).

One of the authors (R.D.) acknowledges Ciba S.A, Marly,
Switzerland, for the elemental analyses, Chemische Betricbe
Pluto/Veba Ocl AG, Germany, for a generous gift of acetyl
ferrocene used to prepare ferrocene-1,3-dicarboxylic acid, and
the Swiss National Science Foundatioo for financial support.
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Unsymmetrically-1,3-Disubstituted Ferrocene-containing
Thermotropic Liquid Crystals: A New Family of Chiral
Metallomesogens.
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Abstract: The synthesis and mesomorphic properties of the first family of unsymmetrically-
1,3-disubstiruted ferrocene-containing thermotropic liquid crystals are presented. The tite
compounds exhibited enantiotropic liquid crystalline phases (nematic and/or smectic A and
smectic C phases) associated with large anisotropic domains.

Despite the increasing interest devoted to chirality in liquid crystals,! little actention has been
focused on optically active metallomesogens: racemic mesogenic butadiene iron-tricarbonyl derivatives?
(nematic and/or smectic A phases), optically active palladium-containing liquid crystals? (diverse
mesophase sequences from the combinarion of cholesteric, smectic A and chiral smectic C phases}) and
monosubstituted ferrocene derivatives containing the cholesteryl moiety4 (mesophases not identified) were
described. In several cases, ferroelectric properties were investigated, 3b-d

Recently, we reported the first symmetrically 1,3-disubstituted ferrocene-containing thermotropic
liquid crystals.5 These compounds presented interesting liquid crystals properties. Indeed, enantiotropic
mesophases associated with broad anisotropic ranges were obtained. These mesomorphic properties
prompled us io consider liquid crystalline ferrocene derivatives unsymmetrically substitoted on the 1,3-
positions as a new family of metallomesogens. Such compounds, which lack symmetry, are chiral, and,
consequently, of interest with the view to developing new clectro-optical liquid crystal devices.6

Hgm,c,,o—@-cor@—ozc—@—coa—@—coz—Q-ocme
Fe

1 a:n=10,b; n=t1, ¢ n=12

d: n=13,e:n=14,1. n=16, g: n=18

We describe, herein, the syntheses and mesomorphic properties of compounds la-g, which
constitute the first family of unsymmerrically-1.3-disubstituted ferrocene-conaining thermotropic tiquid
crystals.” The structures of all new compounds, i.c. la-g and da,b, were confirmed by 'H-NMR
spectroscopy and elemental analyses.
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Ferrocene-1,3-diacid chloride® 2 was treated with 4-(decyloxy)phenyl 4-hydroxybenzoate? 3 in
benzene, at reflux for 3 days, in the presence of pyridine. Purification by column chromatography
(silicagel, CH2Clo/AcOEt 10:1 and CHyCio/AcOEY AcOH 10:1:0.1) followed by crystallization
{CH2Cly/EtOH) yielded 4a (38%, m.p.=186°C), This latter mono-acid intermediate was converted into the
acid chloride 4b (68%) by reaction with oxalyl chloride in CH2Cla, at reflux, in the presence of pyridine.
Finaily, condensation of 4b with 4-hydroxyphenyl 4-(alkyloxy)benzoates? 5 (n=10-14,16,18) (CH2Cla,
Ei3N, reflux) gave, after purification by column chromatography (silicagel, CH2Cl2/AcOE1 50:1) and
crystaltization (CH7Cly/EtQH), the targeted compounds La-g (70-80%).10

Q e N
Fe

2 4 a: X=0H
b: X=CI

3 5 n=10-14, 16, 18

The thermal properties of la-g were investigated by a combination of differential scanning
calorimetry and polarized optical microscopy. The rtransition temperatures and enthalpy changes are
reported in Table 1. When heated, the first member of the family, la, gave two enantiotropic mesophases,
a smectic A phase and a nematic one. On cooling from the isotropic liguid, 2 monotropic smectic € phase
also formed. Componnd 1b exhibited three enantiotropic mesophases, two smectic phases (smectic C and
smectic A) and a nemalic one. Ferrocene derivatives le-g presented enantiotropic smecric C and smectic A
phases. On increasing the alkyl chain length the smectic C range broadened rapidly (5°C for 1¢, 10°C for
1d, 21°C for le, 28°C for Ifand 32°C for 1g) and, inversely, the smectic A one shoriened {27°C for I,
21°C for 1d, 10°C for le, 5°C for 1f and 2°C for 1g). It is noteworthy 10 point oul 1hat the derivatization of
2 with substituents 3 and 5 led to liquid crystalline ferrocene derivatives which presented smectic C and
smectic A phases, whereas the analogous ferrocene derivatives symmetrically substituted on the 1,3-
positionss exhibited either a smectic C or a smectic A phase, besides the nematic one.



Table 1.Phase transition temperatures and enthalpy changes of ferrocene derivatives la-g from the second
heating-cooling cycle.

Compound n transition T C AHY/KImok-
la 10 C-SA 177 40.0
 (SA-Sc)ed 175
SA-N 205 c
N-1 210 e
1b 11 CSc 176 39.5
Sc-54d 178
SA-N 205 3
N-1 20 e
Ic 12 C-Sc 175 412
5c-5a4 180
Sa-l 207 83
1d 13 C-SC 174 41,1
‘ Sc-Sad 184
SaA-1 205 10.2
Ie 14 C-Sc 169 339
Sc-Sad 190
Sa-l 200 9.0
i 16 C-S¢ 168 35.5
Sc-Sad 196
Sa-l 201 98
1g 18 C-S¢ 166 370
Sc-Sad 198
Sa-l 200 10.9

30bserved on a Zeiss Axioscop polarizing microscope equipped with a Linkam THMS 600 variable 1lemperature stage; C:
crystal, N: nematic phase, S4: smeclic A phase, $¢: smectic C phase, I: isotropic liquid. bMeasused on a Mertler DSC-30 at a
rate of 10°C.min-! under a flow of nitrogen. Chxonotropic Lransition, d0pserved by means of polarized optical microscopy.
Not measurable owing Lo peak overlop.

The results reported above prove that unsymmetrically 1,3-disubstituted ferrocene-containing
thermotropic liquid crystals of structure 1 are valuable metallomesogens. Firstly, enantiotropic phases and
broad anisotropic ranges have been observed within the all series. Secondly, the observed smectogenic
properties indicate that, in their optically active form, the reported ferrocene dervatives should be
interesting candidates for preparing ferroelectric smectic C* matenials; furthermore, the smeciic A phase
could also be used in electro-optical devices by applying the electroclinic effect.!!

2171



2172

Acknowledgmenis. We thank Dr. J. Malthéte for helpful discussions, the Swiss National Science
Foundation for financial suppert and Chemische Betriebe Pluo/Veba Oel AG, Germany, for a generous
gift of acetyl ferrocene used to prepare ferrocene- 1,3-dicarboxylic acid.

References and Notes

1. Goodby ). W., J. Mater. Chem., 1991, 1, 307; Goodby J. W., Nishiyama 1., Slaney A. J., Booth C. J.
and Toyne K. J,, Lig. Cryst., 1993, 14, 37.

2. Ziminsky L. and Malthéte 1., J. Chem. Soc., Chem. Comnmun. , 1990, 1495.

3. a) Guedini M., Pucci D., Cesarouti E., Antogniazza P., Francescangeli O. and Bartolino R., Chem.
Mater., 1993, 5, 883; b) Espinet P., Etxebarria J., Marcos M., Perez J., Remon A. and Serrano J. L.,
Angew. Chem. Int. Ed. Engl., 1989, 28. 1065; c) Baena M. J., Espinet P., Ros M. B., Serrano J. L.,
and Ezcurra A, Angew. Chem. Int. Ed. Engl., 1993, 32, 1203; d) Marcos M., Serrano J. L., Sierra T.
and Gimenez M. 1., Chem. Mater., 1993, 5, 1332; e) Baena M. )., Buey J., Espinet P, Kitzerow H. §.
and Heppke G., Angew. Chem. Int. Ed. Engl., 1993, 32, 1201.

4. Nakamura N., Hanasaki T., Onoi H., Qida T., Chemistry Express, 1993, 8, 467.

5. a) Deschenaux R. and Marendaz J.-L., J. Chem. Soc., Chem. Commun., 1991, 909; b) Deschenaux R.,
Kosztics 1., Marendaz J.-L. and Stoeckli-Evans H., Chimig, 1993, 47, 206; ¢) Deschenaux R,
Santiago I., Guillon D. and Heinrich B., /. Mater. Cherm., in press.

6. Schadt M., Displays, 1992, 13, 11.

7. a) Review on ferrocene-containing thermotropic liquid erystals: Deschenaux R. and Goodby J. W. in

. Ferrocenes. From Homogeneous Caralysis to Materials Sciences, eds Hayashi T. and Togni, A.

. VCH Verlagsgeseilschafi, Weinheim, in press. b) Reviews on metallomesogens: Hudson S.A. and
Maitlis P. M., Chem . Rev. , 1993, 93, 861; Bruce D. W. in lnorganic Materials, eds Bruce D. W. and
OHare D., Wiley, Chichester, 1992; Espinet P., Esteruelas M. A., Oro L. A., Serrano J. L. and Sola
E., Caord. Chem. Rev., 1992, 117, 215; Giroud-Godquin A.-M. and Maitlis P. M., Angew. Chem, In1.
Ed. Engl., 1991, 30, 375.

8. Hisatome M., Tachikawa O., Sasho M. and Yamakawa K., /. Organomet. Chem., 1981, 217, C17;
Kashara A, 1zumi T., Yoshida Y. and Shimizu 1., Bull. Chem. Soc. Jpn., 1982, 55, 1901.

9. Deschenaux R, Marendaz J.-L. and Santiago ., Helv. Chim. Acta, 1993, 76, 865.

10. Elemental analytical data of ferrocene derivatives la-g .

1a: anal. calc. for CsgHgsOgFe (979.00): C 71.16, H6.80; found: C71.32, H 6.93.
1b: anal. cale. for CsgHggO1gFe (993.03): € 71.36, H 6.90; found: C 71.60, H 6.96.
1c: anal. cale. for CggH 700 oFe (1007.06); C 71.56, H7.01; found: C 71.85, H 6.97.
1d: anal. calc. for CgiH77010Fe (1021.08): C71.75,H7.11; feund: C71.91, H 7.07.

le: anal. cale. for CgaH740)0Fe (1035.11): C71.94, H 7.21; found: C71.75, H 7.26.
1f: anal. cale, for CgaH7g0 10Fe (1063.16): C 72.30, H 7.39; found: C72.15, H 7.34.
lg: anal. cale. for CgsHgaOoFe (1091.22): C 72,65, H7.57; found: C 72,70, H 7.47.

11. Anderson G., Dahl 1., Keller P., Kuczynski W, Lagerwall S. T., Skarp K. and Stebler B, Appl.
Phys Lett., 1987, 51, 640.

(Received in France 14 January 1994; accepted 2 February 1994}



