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Synthesis and properties of optically active 1,3-diols
and their derivatives as chiral dopants for
ferroelectric liquid crystals

by TETSUO KUSUMOTO*t, KEN-ICHI SATOt, KUMIKO OGINOf,
TAMEJIRO HIYAMAt§, SADAO TAKEHARAZL, MASASHI OSAWAT
and KAYOKO NAKAMURAZ

+Sagami Chemical Research Center, 4-4-1 Nishiohnuma,
Sagamihara, Kanagawa 229, Japan
1 Dainippon Ink and Chemicals, Inc., 4472-1 Komuro,
Ina-machi, Kita-adachi-gun, Saitama 362, Japan

New chiral dopants p-hydroxy ketones 1, 1,3-diols 2, 1,3-dioxanes 3 and 1,3-
dioxan-2-ones 4 were designed and synthesized. Reaction of (R)-1,2-epoxyoctane
with carbanions derived from 2-(4-substituted phenyl)-1,3-dithianes followed by
hydrolysis of the resulting hydroxy dithianes afforded 1. Reduction of 1 gave the
diols 2, which yielded 3 upon acetalization and 4 upon carbonation. The syn isomers
of 2, 3, and 4 exhibited larger spontaneous polarizations, when applied as chiral
dopants, than the anti isomers or hydroxy ketones 1.

1. Introduction

Since Clark and Lagerwall suggested in 1980 that ferroelectric liquid crystals
(FLCs) may be applied in fast-switching liquid crystal displays [1], FLCs have
attracted extensive attention as display materials for the future. The switching time of
FLC displays is proportional roughly to the viscosity of the material and to the
reciprocal of the spontaneous polarization (P,). To search for chiral dopants with large
P, various optically active compounds have been designed and synthesized [2—4]. We
have disclosed that chiral dopants having an optically active ring structure such as
cyanocyclopropanes, cis-y-lactones, and oxazolidin-2-ones show extremely large P,
values [5-8]. In an extension of this study of optically active ring structures, we have
prepared the new chiral dopants 1-4 containing six-membered rings and report herein
their synthesis and electro-optical properties.

2. Preparation of materials
Compounds 1-4 (see figure 1) were prepared according to the routes shown in
schemes 1 to 4. The dithiane 5a was easily prepared from 4'-octyloxybiphenyl-4-
carboxaldehyde with 1,3-propanedithiol in quantitative yield. On the other hand, the
phenylpyrimidine type dithianes 5b or Se¢ were prepared by the reaction of 4-(2,6-
dithiacyclohexyl)benzamidine, obtained through the reaction of 2-(4-cyanophenyl)-
1,3-dithiane with HCI and ethanol followed by reaction with NH;, with 1-(N,N-

* Author for correspondence.
§ Present address: Research Laboratory of Resources Utilization, Tokyo Institute of
Technology, 4259 Nagatsuta, Midori-ku, Yokohama, Kanagawa 227, Japan.

0267-8292/93 $10-00 © 1993 Taylor & Francis Ltd.



11: 22 26 January 2011

Downl oaded At:

728 T. Kusumoto et al.

0
0 oW 00 )LQ
Ar/u\/\/\/\/ )\/\/\/\/ Ar)\/\/\/\/ Ars
1a C 131°C S, 140°C1 syn-2a C92°C1  syn-3a C 92°C (S, 82°C)1 syn-4c C 108°C I
1b C70°C S, 89°C 1 syn-2b C98°C1 syn-3b C75°C1

tc C77°C S5 111°C S, 129°C 1 anti-2b C 100°C T anti-3b € 65°C T
syn-2c C87°C 1 syn-3¢ C 86°C (S, 70°C) I

a: Ar= n~CBH170
=N

oGO
=N

o oGO

Figure 1. New chiral dopants 1-4 and their phase transition temperatures.

dimethylamino)-2-formyl-1-octene or 3-(N,N-dimethylamino)-2-octyloxy-2-propenal
(see scheme 1). Reaction of the carbanion of 5a with (R)-1,2-epoxyoctane [9] followed
by hydrolysis of the resulting hydroxy dithiane using the N-chlorosuccinimide (NCS)-
AgNO, reagent system afforded 1a (86 per cent, 92 per cent ee} [10]. In a similar
manner, b (91 per cent ee) and 1c (94 per cent ee after recrystallization) were
synthesized from 5b and Sc, respectively, using lithium diisopropylamide (LDA) as a
base (see scheme 2). Although syn-2a was selectively obtained by reduction of 1a with
Et,BOMe-NaBH, (65 per cent yield, >99 per cent de, 98 per cent ee after
recrystallization) [11] (see scheme 3), about a 1:1 or 1:2 mixture of syn- and anti-2b
(> 99 per cent de, 99 per cent ee and > 99 per cent de, 94 per cent ee respectively after
recrystallization) resulted by reduction of 1b with Et,BOMe-NaBH, or NaBH,. Each
isomer was separated by column chromatography. Similarly, syn-2¢ (60 per cent, >99
per cent de, 99 per cent ee) and anti-2¢ were prepared from le. Each of syn-2a, syn-2b,
anti-2b, and syn-2¢ was transformed to its formaldehyde acetal with dimethoxymeth-
ane and 4-toluenesulphonic acid catalyst to give syn-3a (81 per cent), syn-3b (73 per
cent), anti-3b (41 per cent), and syn-3c (78 per cent), respectively. Carbonation of syn-2¢
with trichloromethyl chloroformate gave syn-4¢ (93 per cent) (see scheme 4).

n-CsHﬂOCHO ———.-—-> n-CaH17Oz:>
5a

i S- i, fii
- Gron —m LD = D)
S HoN
e OO o0
or n-CgHy;0
- "CGH‘3_<\:N'>_©_<S TN s

Scheme 1. (i) HSCH,CH,CH,SH, Trimethylsilyl polyphosphate; (ii) HCl, EtOH; (iii) NH;
(iv) n-C¢H,3;C(CHO>CHNMe,, MeONa, MeOH; (v) n-CgH ,OC(CHO}CHNMe,,
MeONa, MeOH.
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Scheme 2. (i) n-BuLi, (R)-1,2-Epoxyoctane; (i) NCS, AgNO,;, H,O, MeCOMe, CH;CN;
(iii) LDA, (R)-1,2-Epoxyoctane.
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Scheme 3. (i) Et,BOMe, NaBH,; (ii) recrystallization; (iti) NaBH,; (iv) separation.
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Scheme 4. (i) CH,(OMe),, 4-MeC H,SO,H; (ii)) CICOOCCI,,.

3. Results and discussion

Of the compounds prepared, 1c exhibited a chiral smectic C{Sg) phase: the P, values
of 1¢ at 95°C and 60°C were +3-8nCcm~2 and + 12-4nCcm ™2, respectively. These
are unexpectedly small. Thus, each of 1-4 was added to an achiral host liquid crystal
mixture A [12], and the electro-optical properties of the resulting mixtures were
measured as summarized in the table. The mixtures containing 5 or 10wt%] of -
hydroxy ketones 1a—c exhibited very small P,. Among the 1,3-diols prepared, a mixture
containing 10 wt % of syn-2a showed a large P, value (+12:8nCcm™2) and a short
response time (96 us). It is believed that the hydroxyl group increases the viscosity of
liquid crystals. Thus our findings are in sharp contrast to common observations.
Probably the viscosity of syn-2a is not so high due to intramolecular hydrogen
bonding. The phenylpyrimidines syn-2b and syn-2c exhibited as high as P, {(+11-2 and
+12:-1nCcm ™2, respectively) at only 5wt %, addition. In contrast, anti-2b showed a
small P, compared with syn-2b. The observed P, values of acetal 3 proved to be slightly
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Phase transition temperatures and electro-optical properties of 14 in host A at 25°C. (g)

Phase transition temperatures/°C
Chiral Response

dopant (wt%)  Sg Sa N* 1 P/nCcem~2(b) time/us(c) o/°
1la (5) ° 55 ° 69 ° 71 ° +(~0) 1008 13
(10) e 48 o — — 79 o +(~0) 237 6

1 (5 e 42 e 69 e 71 ° +02 525 14

1c (10) ° 383 e — — 76 e +(~0) 2200 11
syn-2a (10) e 50 e — — 70 e +12-8 96 18
syn-2b  (5) ° 50 ° 67 ° 70 ° +11-2 112 21
(10) e 46 e 67 e 70 e +194 122 17

anti-2b  (5) e 54 e 64 e 69 o -20 594 22
(10) ° 52 e 62 e 67 e —-56 196 19

syn-2¢  (5) o 54 ° 64 ° 69 ° +12-1 99 23
syn-3a  (5) ° 56 ° 66 ® 71 ° +24 199 21
(10) e 56 e 66 e 70 e +71 120 23

syn-3b (10) e 48 o 61 o 67 ° +87 119 22
anti-3b  (10) e S50 e 63 o 68 ° -0t 820 16
syn-3e¢  (5) e 5 e 66 e 70 e +22 261 20
(10) ° 53 o 67 e 69 ° +65 141 28

(15) e 53 e 68 e 70 o +10°1 93 22

syn-d4¢  (5) o 55 ° 67 ° 70 o +16-6 99 24
(10) o 55 ° 67 ° 69 o +348 139 23

(15) ° 56 e 68 e 69 o +529 102 20

(@) A liquid crystal mixture was sealed in a polyimide rubbed cell of 2 um thickness, and a square wave

of 10V, _, um™" was applied to the cell.

(b) P, was measured by the triangular wave method.
(c) Related to the change in transmittance from 0O to 90%.

smaller than those of 2, but again syn-isomers exhibited larger P, than anti-isomers.
The stereochemistry—P, relationship is similar to that for y-lactones [6,13,14].
Optically active cis-y-lactones induce very large P, values; trans-y-lactones almost zero.
Special attention should be paid to the carbonate syn-de which, upon addition to host
A at 5, 10 or 15wt Y, exhibited P, of + 166, +34-8 or +52:9nCcm ~2, respectively.
Although these are large P, values, the response times of the mixtures could not be
shortened below 100 ps.

The stereochemistry—P, relationship may be understood in terms of the conform-
ation of each of the chiral dopants. The most stable conformation of cach of the model
compounds 6-11 was suggested by molecular orbital calculations (MOPAC Ver.
6/PM3)[15] based on the zig-zag model [16-18] and is shown in figure 2. The dipole of
the hydroxyl and carbonyl groups of hydroxy ketone 6 apparently point in almost
different directions. In the case of anti-diol 8, the dipole moment of the benzylic
hydroxyl group directs anti-parallel to that of the 3-hydroxyl group, whereas the two
hydroxyl groups of the syn-diol 7 are disposed nearly parallel and perpendicular to the
plane composed of the core aromatic ring and the alkyl side chain (namely the plane of
the paper). This conformation could be responsible for the targe P, of syn-2. The dipole
of the acetal oxygens of the syr- and anti-dioxanes 9 and 10, respectively, appears to be
arranged parallel to the plane composed of the core aromatic ring and the alkyl side
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Figure 2. The conformations of 6-10, models of 1.

chain. This conformation may cause both syn-3 and anti-3 to induce less P, than syn-2.
Noteworthy is that the dipole of the carbonyl group of 11 directs nearly perpendicular
to the plane. The relationship between the direction of the dipole and the plane
composed of the core aromatic ring and the alkyl side chain observed here is fully
consistent with our previous observation [6, 8].

We are grateful to Dr Takamasa Fuchikami of Sagami Chemical Research Center
for molecular orbital calculations and computer graphic presentations.



11: 22 26 January 2011

Downl oaded At:

732 1,3-Diols as chiral dopants

References

[1] CLARrk, N. A, and LAGERWALL, S. T., 1980, Appl. Phys. Lett., 36, 899.

[2] Goopsy, J. W., BLING, R., CLARK, N. A, LAGERWALL, S. T, Osirov, M. A, PIKIN, S. A,
SakuURAjL T., YOSHINO, K., and ZENKS, B., 1991, Ferroelectricity and Related Phenomena,
Vol. 7, edited by G. W. Taylor and L. A. Shuvalov (Gordon & Breach).

[3] Fukupa, A., and Takezog, H., 1990, Structures and Properties of Ferroelectric Liquid
Crystals (Corona Publishing Co., Ltd).

[4] WaLBA, D, 1991, Advances in the Synthesis and Reactivity of Solids, Vol. 1, edited by T. E.
Mallouk (JAI Press Ltd), p. 173.

[5] Kusumoto, T., NAKAYAMA, A, SATO, K., HivaMa, T., TAKEHARA, S., SHOJI, T., OSAWA, M.,
NAKAMURA, K., and Fusisawa, T., 1991, Tetrahedron Leit., 32, 939.

[6] KusuMoto, T., NAKAYAMA, A., SATO, K., NISHIDE, K., HIvaAMA, T., TAKEHARA, S., SHOJL, T,
Osawa, M., Nakamura, K., and Fuinisawa, T., 1991, J. chem. Soc. Chem. Commun.,
p- 311.

[7] Kusumoto, T., Sato, K., Hivama, T., TAKEHARA, S., Osawa, M., NAKAMURA, K., and
Funsawa, T., 1991, Chem. Lett., p. 1623.

[8] Hrvama, T., KusuMoto, T., and TAKEHARA, S., 1991, Ferroelectrics, 121, 159.

[9] (R)-1,2-Epoxyoctane (90 per cent ee) was purchased from Nippon Mining Co., I.td and
used directly.

[10] The optical purity of each compound was estimated by HPLC (Daicel Chiralcel OD or
Chiralpak AD).

[11] The diastereomer ratio of each compound was determined by HPLC (Silica-60) and 'H
NMR (400 MHz).

[12] Host A comsists of 2-(4-nonyloxyphenyl)-5-heptylpyrimidine (30wt%)), 2-(4-
octyloxyphenyl)-5-octylpyrimidine (20wt?;), 2-(4-decyloxyphenyl)-5-octylpyrimidine
(30wt %), and 2-(4-octyloxyphenyl)-5-nonylpyrimidine (20 wt%,). The phase transition
temperatures were C 13°C S} 56°C S, 65°C N 70°C 1.

[13] SakaGucHs, K., KITAMURA, T., SHioMl, Y., KobDeN, M., and KURATATE, T., 1991, Chem.
Lett., 1383.

[14] SakacucHy, K., SHIoMI, Y., KITAMURA, T., TAKEHIRA, Y., KODEN, M., KURATATE, T., and
NAkAGAwa, K., 1991, Chem. Lett., 1109.

[15] Stewarr, J. J. P., 1989, Quant. Chem. Prog. Exch. Buil., 9, 10.

[16] Goopsy, J. W., CHiN, E., Lesris, T. M., GEARY, J. M., and PATEL, J. S., 1986, J. Am. chem.
Soc., 108, 4729,

[17] WaLsa, D. M., Razavi, H. A, HoriucHi, A, EmMaN, K. F, OTTerHOLM, B,
HALTIWANGER, R. C., CLARK, N. A, SHAO, R., PARMAR, D. S., and WanD, R. T., 1991,
Ferroelectrics, 113, 21.

[18] Kusumoto, T., NaAKAYAMA, A, SaTO, K., HivaMA, T., TAKEHARA, S, Osawa, M., and
NAKAMURA, K., 1991, J. mater. Chem., 1, 707.



