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Abatractt The synthesis and mesomorphic properties of the first family of unsymrnetrically- 
1,fdisttbstituted ferrocene-containing thetmotropic liquid crystals are presented. The title 
compom& exhibited enantiotmpic 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,1 little attention has been 

focused on optically active metallomesogens: racemic mesogenic butadiene iron-tricarbonyl derivatives* 

(nematic and/or smectic A phases), optically active palladium-containing liquid crystals3 (diverse 

mesophase sequences from the combination 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.3h-d 

Recently, we reported the first symmetrically I3-disubstituted fermcene-containing thermonopic 

liuid crystals.5 These compounds presented interesting liquid crystals properties. Indeed, enantiotropic 

mesophases associated with broad anisotropic ranges were obtained. These mesomorphic properties 

prompted us to consider liquid crystalline fermcene derivatives unsymmetrically substituted 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 electro-optical liquid crystal devicese 

1 a: rkl0, b: n=ll,c: n=l2 

d: n=l3,e:rrpl4.f: nd6.g: rtl8 

We describe, herein, the syntheses and mesomorphic properties of compounds la-g, which 

constitute the first family of unsymmetrically-13-disubstituted ferrocene-containing thermotropic liquid 

crystals.7 The structures of all new compounds, i.e. la-g and 4a,b, were confirmed by tH-NMR 

spectroscopy and elemental analyses. 
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Wrocene-19-diacid chloride* 2 was treated with 4-(decyloxy)phcnyl 4-hydroxybenzoateg 3 in 

benxene, at reflux for 3 days, in the presence of pyridine. Purification by column chroamtography 

(silicagel. CH2Cl2/AcOEt 1O:l and C&C12/AcOEt/ AcOH 10: 1:O.l) followed by crystallization 

(CH2Clz/etcm) yielded 4a (38%, m.p.=186“C). This latter mono-acid interme&& was converted into the 

acid chloride 4b (68%) by reaction with oxalyl chloride in CHzCl2, at reflux. in the presence of pyridine. 

Finally, condensation of 46 with 4-hydroxyphenyl 4-(alkyloxy)benzoatesg 5 (n=16-14,16,18) (CH2Cl2, 

EtsN, reflux) gave, after purification by column chromatography (silicagel. CH2C12/AcOEt 5O:l) and 

crystallization (CH2Q/EtOH), the targeted compounds la-g (70_8CM~).~u 

HO WoH21 

3 

Q4 
X 
,C~C~~~CO~--(~-OC~OH~I 

Fe 

Q 

4 a: X=OH 

b: X&I 

The thermal properties of la-g were investigated by a combination of differential scanning 

calorimetry and polarized optical microscopy. The transition temperatures and enthalpy changes are 

reported in Table 1. When heated, the first member of the family, la, gave two enantiotropic mesophases, 

a srnectic A phase and a nematic one. On cooling from the isotropic liquid, a monotropic smectic C phase 

also fotmed. Compound lb exhibited three enantiotropic mesophases, two smectic phases (smectic C and 

smectic A) and a nematic one. Ferrocene derivatives lc-g presented enantiotmpic smectic C and smectic A 

phases. On increasing the alkyl chain length the smectic C range broadened rapidly (5°C for lc, 10°C for 

Id, 21°C for le, 28’C for lf and 32“C for lg) and, inversely, the smectic A one shortened (27OC for le. 

21°C fur Id, lOY! for le, 5°C for If and 2°C for lg). It is noteworthy to point out that 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- 

positions~ exhibited either a stnectic C or a smectic A phase, besides the nematic one. 
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Table l.Phase transition tempcranves aud enthalpy changes of fcmcenc derivatives la-g fmn the stcund 

agog cycle. 

la 10 

lb 11 

lc 12 

Id 13 

le 14 

If 16 

4 18 

c-SA 177 

(SA-Sc)csd 175 

SA-N 205 

N-I 210 

C-SC 176 

SC-SAd 178 

SA-N 205 

N-I 207 

C-SC 175 

SC-SAd 180 

SA-I 207 

C-SC 174 

SeSAd 184 

SA-I 20s 

C-SC 169 

SC-SAd 190 

SA-1 200 

C-SC 168 

SC-SAd 196 

SA-1 201 

C-SC 166 

SC-SAd 198 

SA-1 200 

40.0 

c 

c 

39.5 

e 

t 

41.2 

8.3 

41.1 

10.2 

33.9 

9.0 

35.5 

9.8 

37.0 

Tlke results rqmwd above ptwe that unsymmcttjcally l.f-disubstitutcd fcm$me-coatiing 

thmmmpkliquiduy8tal8ofsrmcaa 1 arc valuable mctallOmcsOgcns. Firstly, cmntiwop,rsc phws and 
kod~nsrgr;r~vebecaobscrrvedwithintheau.ssries,s~y,thc~saawxogenic 
pmpmies indicate chat, in their optidly active fonrr, &he rcp~rtcd f- duivatives2kuldbe 
inmting can&dam for jxcparing fWWocuk smcctic c* materials; fmhcmxm, the smcctic A phue 
oouldilrobe~ia~~byapplyingthe~lraclinic~r** 
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