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Starting with (R)-1,2-epoxyalkanes, (5)-5-alkyl(or -alkyloxy)-2-[4-(3-fluoroalkyl)-
phenyl]pyrimidines and (S)-5-(3-fluoroalkyl)-2-(4-alkyloxyphenyl)pyrimidines were
synthesized and shown to be good chiral dopants for achieving fast response of
ferroelectric liquid crystals mixtures.

Ferroelectric liquid crystals (FL.Cs) are materials expected to be applicable to high speed display device.!)
The most important requirement for FL.C materials is fast switching over a wide range of temperatures including
room temperatures. The response time appears to be roughly proportional to the viscosity of the material and
inversely proportional both to the spontaneous polarization (Ps) and the intensity of electric field. Recently, a
number of chiral compounds have been designed and synthesized for realizing large Ps.2-3) In contrast, Nohira e
al. have been studying fluorine substituted compounds as less viscous materials and reported that 5-alkyl-2-[4-(2-
fluoroalkyloxy)phenyl]pyrimidines (cf. 1) exhibit chiral smectic C (SmC*) phase and achieve short response
time.4->) In order to study in details the effect of fluorine and ethereal oxygen, we designed 2, a carbon analog of
1, and 3,9 a regioisomer of 2, both containing a chiral 3-fluoroalkyl substituent.”-8) Herein we report their
synthesis and electro-optical properties.
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Chiral 2-[4-(3-fluoroundecyl)phenyl]pyrimidine 2a was prepared according to the route shown in Scheme
1. The dithiane 4!0) was prepared by the reaction of 2-(V,N-dimethylaminomethylidene)decanal with 4-(1,3-
dithian-2-yl)benzamidine obtained through the reaction of 2-(4-cyanophenyl)-1,3-dithiane with HCI and ethanol
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i: HCl, EtOH; ii: NHj; iii: n-C3H17C(CHO)=CHNMc2, MeONa, MeOH; iv: LDA, (R)-1,2-epoxydecane;
v: Raney Ni (W-4); vi: DAST; vii: Me,NCH=C(CHO),, MeONa, MeOH; viii: HSCH,CH,CH,SH,
trimethylsilyl polyphosphate; ix: LDA, (R)-1,2-epoxyoctane.

Scheme 1.

followed by reaction with NHz. Alkylation of 4 with (R)-1,2-epoxydecane!1) and lithium diisopropylamide
(LDA) as a base followed by desulfurization of the resulting hydroxy dithiane 512) with Raney Ni afforded 6.12)
Fluorination of the hydroxyl group of 6 using EtpNSF3 (DAST) gave 2a. Use of 3-(NV,N-dimethylamino)-2-
octyloxypropenal and (R)-1,2-epoxyoctanell) at step iii and step iv respectively gave 2b. 5-(3-Fluorononyl)-
pyrimidine 3a was synthesized from formylpyrimidine 7 obtained through the reaction of 4-octyloxybenzamidine
with MepNCH=C(CHO),.13) Triformylmethane!3) also was applicable to this pyrimidine synthesis!4) but with
lower yields and poor reproducibility. Dithioacetalization of 7 gave 8 which was allowed to react with (R)-1,2-
epoxyoctane to give 9.12) Desulfurization followed by fluorination afforded 3a. In a similar manner, 3b and 3¢
were obtained.

Of the compounds we prepared, 3b only exhibited SmC* phase: Ps, response time and tilt angle of 3b at
80 °C (4 °C below the SmC*-SmA transition temperature) were -24.2 nC cm-2, 46 ys and 13°, respectively,15)
the response time being shorter than 1a (-35.6 nC cm-2, 72 us, 12° at 55 °C (3 °C below the SmC*-SmA
transition temperature)).16) We next added each of 1, 2, and 3 to an achiral host liquid crystal mixture (Host
A)17) and measured the electro-optical properties of the resulting mixtures as summarized in Table 1. The
mixtures containing 2a and 2b exhibited smaller Ps's and slower response than those of 1a at 10 wt%
concentration (-4.5 nC cm-2, 149 ps; -3.6 nC cm-2, 157 ps vs -5.4 nC cm-2, 110 ps), but the response times of
the mixtures containing 20 wt% of 2a and 2b were 76 and 90 us, shorter than that of 1a (104 pus). Shorter
response times of the mixtures with 2a and 2b should be ascribed to lower viscosity of the chiral dopants. Both
2a and 2b tend to lower the SmC*-SmA transition temperatures and reduce the tilt angles. Upon 10 wt%
addition of 3a, 3b, or 3¢ to Host A, phase transition temperatures, Ps's and tilt angles remained almost the same
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as those of 1a, but response times were found to be longer than that of 1a (164, 176 or 169 vs 110 ps), whereas
the mixtures containing 20 wt% of 3a-3c showed properties similar to 1a: SmC*-SmA transition temperatures,
>55 °C, Ps's, >10 nC cm-2; response times, ~100 us; tilt angles, >20°. Worthy to note is that all Ps's of 1-3 are
negative, while 2 and 3 induce left handed helix in contrast to 1a which shows right handed helix at N* phase
when mixed in Host A. These results may suggest mixed use of 1 and-2 (or 3) as chiral dopants induce both
large Ps and long helical pitch of N* phase.18)

Table 1. Phase transition temperature and electro-optical properties of 1,2 and 3 in Host A at 25 °C?)

Chiral dopant (wt%) Phase transition temperatures®)°C  Ps/nC cm2 Response time/us  Tilt angle/°

SmC* SmA N* Iso

la (10) e 55 ¢« 67 « 70 - -5.4 110 22
(20) *+ 51 « 68 ¢ 69 - -12.7 104 21
2a (10) e 47 « 64 « 66 - -4.5 149 19
(20) « 37 ¢ 63 63 - -1.7 76 14
2b (10) e 48 « 70 ¢ TI - -3.6 157 18
(20) e 42 « 63 - - -6.8 90 12
3a (10) e 57 ¢ 67 + 69 - -5.0 164 25
(20) *+ 58 « 69 ¢ 70 - -12.6 93 25
3b (10) *+ 56 <+ 68 ¢ 69 - -3.6 176 21
(20) * 58 <« 69 ¢ 70 - -10.9 101 22
3¢ (10) e+ 56 ¢ 68 + T1 - -5.1 169 22
(20) *+ 55 ¢« 69 « TI . -11.9 108 21

a) See reference 15. b) See reference 9. ¢) N* phase appeared within a range of 0.5 °C.

In summary, we have demonstrated new phenylpyrimidine type chiral dopants having a chiral 3-fluoroalkyl
group as a side chain achieve fast response thanks to their low viscosity of the materials.

References

1) N. A. Clark and S. T. Lagerwall, Appl. Phys. Lett., 36, 899 (1980).

2) J. W. Goodby, R. Blinc, N. A. Clark, S. T. Lagerwall, M. A. Osipov, S. A. Pikin, T. Sakurai, K.
Yoshino, and B. Zenks, "Ferroelectric Liquid Crystals. Principles, Properties and Applications,” in
"Ferroelectricity and Related Phenomena,” ed by G. W. Taylor and L. A. Shuvalov, Gordon and Breach
Science Publishers, Philadelphia (1991), Vol. 7; A. Fukuda and H. Takezoe, "Structures and Properties of
Ferroelectric Liquid Crystals,” Corona Publishing Co., Ltd., Tokyo (1990); D. M. Walba, "Ferroelectric
Liquid Crystals. A Unique State of Matter," in "Advances in the Synthesis and Reactivity of Solids," ed by
T. E. Mallouk, JAI Press Ltd, London (1991), Vol. 1, pp. 173-235; A. Fukuda, "Future Liquid Crystal
Display and Its Materials,” CMC, Tokyo (1992).



1246 Chemistry Letters, 1993

3) T. Kusumoto, T. Hiyama, and S. Takehara, Nippon Kagaku Kaishi, 1992, 1401; T. Kusumoto, T.
Hiyama, and S. Takehara, Dyestuffs & Chemicals, 38, 57 (1993).

4) S. Nakamura and H. Nohira, Mol. Cryst. Liq. Cryst., 185, 199 (1990); H. Nohira, Yuki Gosei Kagaku
Kyokaishi, 49, 467 (1991).

5) Liquid crystals having 3-fluoroalkyloxyl group are filed in patents: A. Yamaguchi, S. Mitsuhashi, M.
Yamada, M. Sakaguchi, H. Sugiyama, Y. Konuma, H. Kondo, and T. Hagiwara (Takasago International
Corp.), Jpn. Kokai Tokkyo Koho, JP 4-89483 (1992); Eur. Pat. Appl., EP 469893 (1992); Chem. Abstr.,
116, 265780z (1992).

6) K. Noguchi and H. Nohira reported independently the synthesis and properties of 5-(3-fluoroalkyl)-
pyrimidines: The 65th Annual Meeting of the Chemical Society of Japan, 3C629, Tokyo, March 1993.

7) Compounds of 3-fluoroalkylpyridine type are filed in patents: A. Waechtler, T. Geelhaar, H. A. Kurmeier,
and D. Pauluth (Merck Patent G.m.b.H.), Ger. Offen., DE 3939982 (1990); Jpn. Kokai Tokkyo Koho, JP
2-231473 (1990); Chem. Abstr., 114, 92033m (1991).

8) Compounds of 2-fluoroalkylbiphenyl type are filed in a patent: T. Hirai, A. Yoshizawa, 1. Nishiyama, and
M. Fukumasa (Nippon Mining Co., Ltd.), Jpn. Kokai Tokkyo Koho, JP 2-311431 (1992); Chem. Abstr.,
115, 103006d (1991).

9) Cr: crystal phase; SmX: unidentified higher order smectic phase: SmC*: chiral smectic C phase; SmA:
smectic A phase; Iso: isotropic liquid phase; N*: chiral nematic phase. Figures in parentheses indicate
monotropic phase transition temperatures.

10) T. Kusumoto, K. Sato, K. Ogino, T. Hiyama, S. Takehara, M. Osawa, and K. Nakamura, Lig. Cryst., in
press.

11) (R)-1,2-Epoxyoctane (90% e.e.) and (R)-1,2-epoxydecane (86% e.e.) were purchased from Nikko Kyodo
Co. Ltd. and used directly.

12) The optical purity of each compound (5, 6, 9, and 10) was estimated by HPLC (Daicel, CHIRALCEL OD
or CHIRALPAK AD). '

13) Z. Arnold, Coll. Czech. Chem. Commun., 26, 3051 (1961).

14) T. Takagi, A. Bajnati, and M. Hubert-Habart, Heterocycles, 31, 1105 (1990); T. Takagi, A. Bajnati, and
M. Hubert-Habart, Bull. Soc. Chim. France, 127, 660 (1990).

15) Each of 1a, 3b, and liquid crystal mixtures was sealed in a polyimide rubbing cell of 2 um thickness, and a
rectangular wave (10 Vp.p/mm, 50 Hz) was applied to the cell. Ps was measured by the triangular wave
method. The change of transmittance (from 0 to 90%) of light was measured and expressed as response
time.

16) Properties of 1a (Cr 61 (SmX 49 SmC* 62) SmA 71 Iso; 57 °C, 42 nC cm2, 12 ps) were reported. See
reference 4.

17) Host A consists of 2-(4-nonyloxyphenyl)-5-heptylpyrimidine (30 wt%), 2-(4-octyloxyphenyl)-5-octyl-
pyrimidine (20 wt%), 2-(4-decyloxyphenyl)-5-octylpyrimidine (30 wt%), and 2-(4-octyloxyphenyl)-5-
nonylpyrimidine (20 wt%). The phase transition temperatures (T/°C) were Cr 13 SmC 56 SmA 65 N 70 Iso
(SmC: smectic C phase; N: nematic phase).

18) Long helical pitch of N* phase is required to attain good alignment of liquid crystalline molecules.

(Received April 30, 1993)



