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Chiral alkylsulfinylbenzenes having an ester functional group at C-4 were prepared
and shown for the first time to be ferroelectric liquid crystals and excellent chiral dopants

for them.

Ferroelectric liquid crystal (FLC) materials!) have attracted much attention recently owing to the rapid
development of liquid crystal displays. The FLC's have been searched for extensively which have chiral smectic
C phase (Sc*) along with high spontaneous polarization (Ps) and short response time (t). We envisioned that

the FLC's having dipolar chiral centers connected directly to aromatic core portions should exhibit much
improved Ps and 1. On the basis of this working hypothesis, we planned the synthesis of various chiral

molecules within this category. Reported herein are the synthesis of chiral alkyl 4-substituted phenyl sulfoxides
3-7 and some thermotropic and electro-optical properties of the FLC's derived from them.
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2: X =Br a:R=n-CH;;, b:R=n-CgH,,,
c: R = (5)-CH,CHMeEt,
d: R = (5)-CHMe(n-C,;H, )
e: R = (R)-CHMe(n-C,H;5)
f: R = (5)-CHMe(n-Pr)
g: R = (R)-CHMe(n-Pr)

Chiral 4-substituted alkylsulfinylbenzenes 3a-c and 5a-¢ were prepared from /-menthyl (S)-4-
methoxyphenylsulfinate (1)2) and (§)-4-bromophenylsulfinate (2)34) respectively by the reaction with the
corresponding alkylmagnesium bromides in benzene.5) Since the sulfinyl group is extremely sensitive to acidic
conditions,) the conversion of the methoxyl group of 3a-¢#) into the hydroxy! functional group was best carried
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out with sodium ethanethiolate in N,N-dimethylformamide (DMF) at 100 °C.7-8) Under these conditions the
racemization of the sulfinyl group was within the error of analysis.?) The transformation of the bromide 5a-¢#)
to the corresponding carboxylic acids 7a-¢#) through the metalation using any kinds of alkyllithiums or
magnesium metal was unsuccessful.10) This transformation could, however, be carried out using CO (50-80
kg/cm?2) and PdCla(PPh3) (5 mol%) in methanol-triethylamine at 100 °C for 2 d to give the methyl esters
6a-c,411) which were then hydrolyzed with NaOH in MeOH-H,O to the corresponding acids 7a-c.4:12)
Epimerization of the chiral sulfinyl moiety of 7a-c was estimated to be less than 2%.

In order to effect the conformational change of the alkyl side chain and hopefully to enhance the Ps, we
introduced an o-methyl group into the alkyl side chain. Deprotonation of Sb with 1.2 mol eq of lithium
diisopropylamide at -78 °C for 2.5 h followed by the treatment with 1.2 mol eq of methyl iodide at -78 °C
afforded a 1 : 1 mixture of 5d%) and 5e#) in 90% yield.13) Each diastereomer was separated by silica gel column
chromatography. The palladium catalyzed methoxycarbonylation of each resulted in the formation of a complex
mixture of products. Probably the thermal [2,3]-sigmatropic reaction took place to give an olefin and a sulfenic
acid which in turn might have deactivated the catalyst. The obstacle was cleared to some extent by using an
excess amount of triphenylphosphine. Thus the methyl ester 6d,4) [a]p20 123° (¢ 1.38, MeOH), was obtained
in 20% yield from 5d [PdCl(PPh3); (5 mol%), PPh3 (10 mol%), CO (80 kg/cm?2), MeOH, Et3N, 100 °C, 4 d].
Alkaline hydrolysis of 6d gave 7d,%) mp 115-117 °C, [a]p20 128° (¢ 1.38, MeOH), in 94% yield. With double
amounts of the Pd catalyst and the phosphine ligand, Se was converted into 6e in 45% yield which was
hydrolyzed to 7e,*) mp 134-135 °C, [a]p20 122° (¢ 1.38, MeOH), in 99% yield.

The methylation applied to 3b resulted in the formation of an inseparable mixture of 3d and 3e. Thus, the
sulfoxides 3f413) and 3g413) which have a shorter branched side chain were prepared by the reaction of 1 with
1-methylbutylmagnesium bromide in benzene. Each diastereomer was separated readily and converted into the
phenol derivative 4#414) or 4g respectively with EtSNa-DMF at 100 °C.

The chiral (4-alkylsulfinyl)benzenols 4 and (4-alkylsulfinyl)benzoic acids 7 were condensed with various
core aromatic carboxylic acids and phenols respectively. The procedure through acid chlorides failed to give the
expected products. However N,N'-dicyclohexylcarbodiimide or its water-soluble derivative was proved to be
the reagent of choice. Among many esters synthesized, only the 4'-octyloxybiphenyl-4-carboxylate esters of 4f
and 4g exhibited clear Sc* phase. Their thermotropic datal®) were Cr 109 Sc* 141 S5 153 N* 167 I and Cr 155
Sc* 158 N* 169 I, respectively. Unfortunately, the Ps's of these could not be measured. However, the chiral
sulfinyl substituted esters were found to be good chiral dopants for achiral smectic liquid crystals. Each
sulfoxide was added by 5% to the host liquid crystal: Cr 13 S¢ 68 Sa 73.5 N 83.5 1.15,16) The electro-optic data
of typical examples 8-11 are given in the order of a chiral dopant: its thermotropic data,!5) thermotropic profile
of the mixture,15) Ps (nC/cm2)17) at 25 °C, 1,440 (5)18) at 25 °C, tilt angle (°), and the direction of the helical
pitch. 8: Cr 161 (Sc* 146) Sa 176 1, Sc* 65 Sa 81 N* 86 I, (+) 3.9, 108, 23.0, left; 9: Cr 158 I, Sc* 68 Sa 73
N* 82 I, (+) 10.9, 58, 16.9, left; 10a: Cr 66 I, Sc* 59 S5 71 N* 78 I, (+) 4.6, 100, 22.7, left; 10b: Cr 73 1,
Sc* 60 Sa 71 N* 79 1, (+) 6.5, 90, 24.3, right; 11a: Cr 98 Sa 1201, Sc* 67 Sa 73 N* 84 1, (+) 5.2, 112,
22.2, left; 11b: Cr 127 Sa 138 1, Sc* 69 Sa 76 N* 86 1, (+) 5.4, 90, 23.9, right. In general, linear alkyl
sulfoxides induced fairly large Ps's, but the methyl substituted ones 8-11 much higher Ps's. The branching of
the alkyl side chain might have restricted the free rotation of the side chain, as expected, to fix the dipole of the S-
O moiety and reduce the probability of unfavorable conformers. It should be noted that the sign of Ps17) is
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determined by the chirality of the sulfogenous chiral center and the sign of helical pitch by the chirality of the

carbogenous chiral center of the side chain (cf. 10a vs. 10b and 11a vs. 11b).
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We have introduced chiral sulfoxides for the first time to FL.C's.19) The Ps and 1,54 values observed for

9, in particular, are remarkable,20) and thus our guiding principle discussed at the beginning should be helpful in

developing versatile FL.C's applicable to liquid crystal displays. Synthesis and design of pertinent chiral

molecules along this line are being studied extensively in our Laboratories.
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