This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 09:28

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl18

Tricyclic Smectic C Compounds
Incorporating a 1,3-Dioxan Ring

A. Villiger ® & F. Leenhouts 2 °

% F. Hoffmann-La Roche Ltd, Central Research Units, CH-4002,
Basel, Switzerland

b Philips, LC-TV, P.O.B. 218, 5600, Eindhoven, Netherlands
Version of record first published: 24 Sep 2006.

To cite this article: A. Villiger & F. Leenhouts (1991): Tricyclic Smectic C Compounds
Incorporating a 1,3-Dioxan Ring, Molecular Crystals and Liquid Crystals, 209:1, 297-307

To link to this article: http://dx.doi.org/10.1080/00268949108036205

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl18
http://dx.doi.org/10.1080/00268949108036205
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 09:28 19 February 2013

Mol. Cryst. Lig. Cryst., 1991, Vol. 209, pp. 297-307
Reprints available directly from the publisher
Photocopying permitted by license only

© 1991 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

Tricyclic Smectic C Compounds
Incorporating a 1,3-Dioxan Ringt

A. VILLIGER and F. LEENHOUTS
F. Hoffmann-La Roche Ltd, Central Research Units, CH-4002 Basel, Switzerland

(Received July 26, 1990)

About 80 mesogenic achiral 1,3-dioxans substituted in the 2 position by a p-(benzoyloxy)phenyl, 4-
biphenylyl, 2-phenyl-5-pyridyl, or a 2-phenyl-5-pyrimidyl core have been synthesized. Most of them
exhibit broad smectic C temperature ranges at elevated temperatures. The influence of the aromatic
moiety, of a lateral fluorine atom and of an alkyl vs. an alkoxy side chain on the smectic C temperature
range and, in some cases, on the viscosity behaviour and the thermal stability of the smectic C* phase
in a ferroelectric liquid crystal mixture is studied. Many of the tricyclic 1,3-dioxans are well suited for
the use in low viscosity wide-range ferroelectric smectic C* materials.

Keywords: smectic C, 1,3-dioxan

INTRODUCTION

A useful concept to formulate ferroelectric S& mixtures suited for display appli-
cations is to dope an achiral S. host with optical active compounds imparting
ferroelectric properties.! Frequently, the achiral host material is a mixture of 5-
alkyl-2-(p-alkoxyphenyl)pyrimidines® (and/or other bicyclic Sc compounds) and
tricyclic compounds enhancing the higher end of the S phase. The majority of
such tricyclic compounds incorporates a fully aromatic rigid core. Replacement of
an aromatic by a saturated ring would lead to a lower birefringence, which allows
the use of thicker cells. For viscosity reasons, among saturated rings the trans-1,4-
disubstituted cyclohexane ring is favored. Smectic C compounds containing such
a ring are possible,>3 if they incorporate an ester linking group or a nitrogen-
containing heterocyclic ring. Another saturated ring, i.e., the trans-2,5-disubsti-
tuted 1,3-dioxan ring, which, however, leads to higher rotational viscosity,® has
been successfully used to prepare S compounds with a chiral-branched chain.”-®
Here, we present a variety of achiral tricyclic 1,3-dioxan compounds, exhibiting

+ Presented at the 13th International Liquid Crystal Conference, Vancouver, Canada, 22~27 July
1990, and in part at the 8th Liquid Crystal Conference of the Socialist Countries, Crakow, Poland,
August 1989.

i Present address: Philips, LC-TV, P.O.B. 218, 5600 Eindhoven, Netherlands.
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TABLE 1

Transition temperatures (°C) for compounds I

o ¥ X
Q I
CnH2n+1—<: )'—O—OC (O)p—CrHam,1
(0]
X3
A:p=0 IC:X'=F IE:X1=X3=F
IB-E:p=1 ID:X1=X2=F (X" not specified = H)
p X1 Xx2 Xx3 n m |C Sg? Sc N

0 H H H 7 8 1+80.3 (+67.6 « 76.7) <141
8 8 |[+655 * 66.6 « 877 1375
10 8 [+66.7 *81.2 *+102.5 1325

1 H H H 10 6 [+777 (-442) =« 897 -+158
7 8 [+895  (-64) . 905 +154.5
10 8 |+650 (+51.6) ~-111.1 +163
9 12 |[+825  (+56.3) 1226 <1485
10 12 |+823  (+53) «127.2 <1467

1 F H H 7 6 [+965 (+ 936) «153
9 6 [+81.0 <1055 147
10 6 |+75.7 ©109.5 144
7 8 |-783 <1045 +146
9 8 [-70.4 <1165 +142.5
10 8 [+65.2 <119.5 +139
1 F F H 7 8 [+740 <1148 +1495
9 8 [+69.8 ©123  +1455
10 8 |+77.3 ©1235 +1415

1 F H F 7 8 [-35.0 SF? 68 *+110.8 1225
9 8 |+325 *68.5 *+118.0 121
10 8 [+473 * 64 *+117.8 <1186
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broad-range smectic C phases. According to the aromatic moiety, they are divided
into four classes.

RESULTS

a) p-(1,3-Dioxan-2-yi)phenyl benzoates |

According to the substitution pattern of the benzoate moiety, the class I is divided
into the series IA—E (Table I). Short-chain members of the laterally unsubstituted
p-alkyl- and p-alkoxy-benzoates (IA, B) are known.!® The synthesis of the laterally
fluorinated compounds (IC-E) is outlined in Scheme 1.

The mesogenic transition temperatures are listed in Table I. Below a nematic
phase, all the series, even the p-alkylbenzoates IA, exhibit an S. phase. The
additional orthogonal smectic (probably Sg) phase occurring in IA, B is removed
by lateral fluorination (IC-E). The low-melting 4-alkoxy-3,5-difluorobenzoates IE
possess a further tilted smectic (possibly Sg) phase.

X2 F F o
I
G-OR OCCH3
AcCl, 1) AICl3, 140°C
AICI3 2) RBr, KzCO3, DMF
(X¥=H)
x2
o 0,
Of TNaomrag, oR
H c aOBr aq HO
¢ %3 dioxan, T X3
1) HO-@—CHO, DCC, DMAP
2) R'CH(CHon)Q, H2304 aqg.,
X2, X3 = H,F PhMe, A

3) recryst.

o) X2 F
0 ]
Nesazat
(o]
X3

IC,D,E

R, R' = n-atkyl

SCHEME 1
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F F
0 PdClo/dppp G
E )—©—| + BrMg OR  ———— E O Q OR
o THF, T 0
|
1) SOCl, 1) R'CH(CH,0H),,
2) NaBHy4 ag. H2S04 aq.,
3) MnO; activ., dppp = PhaP(CH,)3PPhy PhMe, A
PhMe, T 2) recryst.
4) HO(CH>),OH
amberlyst 15,
PhMe, T
/
F
() o)
(- (PO
HO 0
Inc
SCHEME 11

Within a series, the transition temperature from the S to the nematic phase
(Tcn) generally increases with increasing chain lengths. Lateral fluorination still
leads to higher Ty values. The decrease of Ty upon replacement of an alkoxy
by an alkyl chain (IB — IA) is surprisingly small.

A compound containing two ester groups, i.e. 9DPePe9 (for the formula-
code see footnote to Table VIII) has the phase sequence C 76.3 S 86.5 S 124.5
N 152 L.

b) 4-(1,3-Dioxan-2-yl)biphenyis i

The synthesis of the 4’-alkoxy-3'-fluoro-4-(trans-5-alkyl-1,3-dioxan-2-yl)biphenyls
IIC is outlined in Scheme II. The preparation of the 2-(1E-alkenyl)-1,3-propane-
diols required for the series IIE has been described.}! Short-chain representatives
of the laterally unsubstituted series IIA, B are known.!?

The mesogenic transition temperatures of the series IIA—C are recorded in Table
II. Melting points are generally low (46-69°C), clearing points somewhat higher
than in the corresponding ester series 1.

The 4'-alkylbiphenyl series (IIA) exhibits a wide-range highly ordered orthogonal
smectic (probably Sg) phase until about 10°C below the clearing point, followed
by an S, and, in the short-chain members, by a nematic phase. Only for the
compound with the longest chain (C,,) at the dioxan ring a very narrow S¢ phase
is detected.

The laterally unsubstituted 4'-alkoxybiphenyl series (IIB) shows above a wide-
range highly ordered smectic phase rather broad S phase ranges, followed only
by the nematic mesophase. Introduction of a lateral fluorine substituent in an ortho
position to the alkoxy group (IC) decreases the transition temperature from the
highly ordered smectic to the S. phase by about 40°C. On the other hand, the
nematic phase is replaced by the S, phase and the upper limit of the S phase is
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TABLE I

Transition temperatures (°C) for compounds 1A, B, C

o X IIA
CnH2n+1—<:o(o)p_CmH2m+1 B

T OV ©
n
- = O
X X X
]
M I T

lic =1, X=

p X n m |C Sg? Sc Sa N i
0 H 7 6 |+460 +1373 + 149 +1535 .
7 8 |+46 +139 + 150 +1505 -

8 8 [+505 +1405 *148.8 .

10 8 |+575 +1435 * 149 .

12 8 [+652 1422 143 +146.3 .

1 H 7 7 |+66.61) +122 * 153 +173 .
7 8 |+6522) <123 « 155 +170 .

9 8 |+658 142 + 163 +1685 -

1 F 8 6 |+484 - 915 1265 <1555 .
8 7 |+529 . 884 +1265 +1525 .

8 8 [+526 + 813 1272 149 .

8 10 |+550 + 820 1235 +1475 .

10 6 |+56.4 « 989 +1335 +153.8 .

10 7 |+575 .+ 956 +138.2 151 .

10 10 [+633 + B95 +1385 146 .

12 6 |+620 + 988 +1348 <1505 .

127 |+665 + 834 +141 *148.5 .

12 10 |+689 + 885 +1425 +1435 .

further S - S transition: 1) 92.9°C, 2) 96.7°C

lowered. The temperature range of the Sc phase increases with increasing chain
length of the end groups, especially of the alkyl chain at the dioxan ring.

Table III shows the transition temperatures of the 4'-(w-alkenyloxy)biphenyls
IID. The presence of the double bond has nearly no influence on the melting point,
but leads to a small decrease of the S temperature range and to the appearance
of a narrow S, phase.

The replacement of the alkyl group at the dioxan ring by a 1E-alkenyl group in
IIE (Table 1V) causes a small increase of Ty (about 5°C). On the other hand, the
occurrence of an additional tilted S (possibly Sg) phase narrows the S temperature
range, and the melting point is clearly increased.
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TABLE HI

Transition temperatures (°C) for compounds 1ID

o)
c,,Hz,m—<:0o—(cHz),,,_z—cH=cH2

D
n m C Sg? Sc Sa N I
8 7 *53.4 135 <1585 e 157 <1695 o
8 9 *«61.1 *« 135 +1545 +«156.5 +163 .
8 11 *+68.4 *133.7 1527 155 *158.5 o
10 7 *62.9 *141.4 ¢ 157 * 162.7 * 165 .
10 9 * 64.6 *140.5 «156.5 +158.5 * 160 .
10 11 »71.2 *+138.9 + 155 *+ 156 .
TABLE 1V

Transition temperatures (°C) for compounds IIE

+OOr
/’{ oCmHzmn
Cn~2HZn»3 _/ o
lE

n m C Sp? Sf2 Sc N I
6 6 - 877 +133 *+1374 +1495 +189 .
6 7 *+ 913 132 +1385 <1525 +1855
6 8 +100.9 1307 +1382 154 +181 .
7 6 + 815 +11563 +133 « 154 <1915
7 7 « 710 +1155 +1355 -+158 - 182 .
7 8 « 820 1175 +1365 160 *+1825 o

c) 5-(1,3-Dioxan-2-yl)-2-phenylpyridines il

The synthesis of the compounds III comprising this novel mesogenic rigid core is
given in Scheme III. A key step is the nickel-catalyzed heterocoupling of the
tetrahydropyranyl ether of 6-chloro-3-pyridinecarbinol with the appropriate Grig-
nard reagent. All synthetic steps proceeded in high yields.

The liquid crystal temperature ranges of the dialkyl compounds (series IIIA, B)
are listed in Table V, those of the alkoxy compounds (IIIC, D) in Table VI.
Compared to the biphenyl class II, in the laterally unsubstituted series IIIA, C the
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X
1) 'o , TSOH
HO =N X HO =N
2) Bng—@—(O)p-R
Ni{(dppp)Clz, THF
| 3) Hs0*
1) SOCI, 1) MnO;, PhMe, T
2) NaBHj, ag. 2) R'CH{CHo0H)5,
HoS04 aqg., PhMe, A
3) recryst.
p=0,1
X=HF /
X
o) o]
HO =N o] =N
]
SCHEME 111
TABLE V

Transition temperatures (°C) for compounds IIIA, B

° X MA: X = H
e W S T
O =N

X n m]C S Sc  Sa I
H 7 8 [+555 1455 e 1737 o
8 8 |-585 <145 c171 .
10 8[+640 <1445 <156 <167 o
12 8.7 +1435 «165 .
F 10 9[+549 + 997 +1365 +1535
12 9|+651 <1015 «1425 «150 o

thermal stability of the S phase and the clearing point are elevated by about 20°C,
whereas the upper limit of the highly ordered smectic phase and the melting point
are almost unchanged. A fluorine substituent in an ortho position to the alkoxy
group destabilizes the highly ordered smectic phase much more than in the biphenyl
class, so that in the dialkyl series (IIIB) smectic C temperature ranges increase up
to 40°C and in the alkoxy series (IIID) even to 80°C and more.

The solubility of compounds of the classes II and 111 decreases with increasing
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TABLE VI

Transition temperatures (°C) for compounds IIIC, D

o X IC: X = H
bt A o0 MOXF
o =N

X n m |C ) Sc Sa N |
H 7 6 |-60.4 +141.0 +169.5 181 » 190 .
7 7 |+69.9 <1415 «+169 * 181 + 188 .

7 8 |+76.1 *137.5 +169.5 +181.7 +187 .

8 6 [<624 «1412 176 + 181 « 186 .

8 7 [|*715 +1405 +1765 +1795 183 .

8 8 |+67.3 +139.5 177 *+182 +185 .

10 6 |+755 «1415 +180 +1828 +183 .

10 7 |+795 1395 +1805 +181.5 .

10 8 1|+69.7 1375 179 .

F 7 8 |+806 <111 * 1745 .
8 6 |-727 *+ 146 « 1745 .

8 7 |+795 * 145 171 .

8 10 [+81.4 «136 «167.3 .

10 6 |+76.5 + 159 «172.3 .

10 7 |-81.8 * 160 *167.5 .

10 8 |+77.8 «160.5 +167.5 .

10 10 |[-81.1 * 158 *+163.5 .

12 6 |*79.1 » 160 +168.3 .

12 7 |+859 *+161.5 <165 .

12 10 |+84.8 *+159.5 «159.7 .

chain length at the dioxan ring. Compared to the biphenyls II, the solubility of
phenylpyridines is somewhat inferior, but still satisfactory.

d) 2-(p-Alkoxyphenyl)-5-(trans-5-alkyl-1,3-dioxan-2-yl)pyrimidines IV

Applying a known synthetic pathway,’® some pyrimidine derivatives IV have been
prepared. The transition temperatures are listed in Table VII. The melting points
are relatively high and the solubilities very poor. Furthermore, the chain length of
the alkyl group at the 1,3-dioxan ring is crucial for the occurrence of the Sc phase.
The decyl and dodecyl compounds exhibit broad S phases situated at high tem-
peratures, whereas the lower-melting octyl compound does not show an S¢ phase.
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TABLE VII

Transition temperatures (°C) for compounds IV

[1827)/305

0 N
CnH2n+1—<: )“</: »_O—OCmHZMH v

(0] =N
n m C S Sc Sa |
8 10 « 87.3 (- 785) *179 .
10 6 + 112 + 124 +1645 +183 .
10 10 +101.9 + 124 1645 177 .
12 6 *+107.7 <126 «1725 +1805 -

TABLE VIII

Influence of I, IT or III (13 mole %) in a ferroelectric base mixture (M) to the viscosity
parameter +ysin’0, the spontaneous polarization (Ps), the parameter -ysin6/Pg (measured at
25°C) and the transition temperature from the smectic C to the smectic A
or chiral nematic phase (Tc, or Ten)

X Ysin2e Ps Ysin26/Pg Tea
(mPa-s) (nG-cm=2) (mPa-s:nC~1-cm?) (°C)

M 20 6.5 3.1 53

7DPP8 (11A) 19.1 4.34 4.4 51.1
8DPdP8 (HIA) 19.9 4.15 4.8 52.3
7DPPO8  (IIB) 433 6.60 6.6 63.0
aDPPO8 (s 33.6 5.80 5.8 65.4
8DPAPO8  (IIIC) 35.9 5.90 6.1 67.0
7DPdPFO8  (IliD) 39.1 5.68 6.9 58.0
10DPdPFO8 (HIID) 42.4 4.77 8.9 61.4
7DPeP8 (1A) 58.5 6.37 9.2 62.0

TeN

7DPePQO8 (1B) 111.7 8.29 13.5 64.0
7DPePr08 (IC) 129.8 9.29 14.0 65.8

Meaning of the code for the formulae: D trans-1,3-dioxan-5,2-ylene,

P p-CgH4, PF 3-F-1,4-CgHs, Pd 5,2-pyridylene, e OOC, cipher x CyHox1.



Downloaded by [Tomsk State University of Control Systems and Radio] at 09:28 19 February 2013

306/{1828] A. VILLIGER AND F. LEENHOUTS

€) Properties in a Ferroelectric Liquid Crystal Mixture

Some 1,3-dioxans of the classes I, II, IIT have been added (13 mole %) to a
ferroelectric mixture M having the phase sequence I 87 N* 78 S, 53 S& M is
composed of phenylpyrimidines,? (cyclohexylethyl)phenyl benzoates® and chiral
tricyclic cyclohexyl 2-fluoroalkanoates.'* The influence of the tricyclic dioxans on
the viscosity parameter ysin®6 (y rotational viscosity, 8 tilt angle), the spontaneous
polarization (Pg) and T, or Tey is given in Table VIII (partly published in Ref-
erence 15). The quotient ysin®6/Pg is approximately proportional to the response
times.’¢

Table VIII reveals some interesting trends. The response time decreases dras-
tically, if a central ester linking group is removed (I — I} or an alkoxy chain is
replaced by an alkyl chain. Introduction of a lateral fluorine substituent does not
much increase the viscosity, and the viscosities of the biphenyls II and the phen-
ylpyridines II1 are comparable.

Laterally unsubstituted esters I enhance the thermal stability of the S& phase
more than expected and about as much as analogous biphenyl compounds do.
Phenylpyridines 111 lead to a slightly stronger increase of T, than biphenyls II.
Introduction of a lateral fluorine substituent stabilizes in the ester class (IC) the
S¢& phase further, whereas in the phenylpyridine series H1D it favors the S, phase
strongly, leading to disappointingly low T, values. The directly linked dialkyl
compounds IIA, IIIA do not increase T4, Whereas the corresponding ester com-
pounds (IA) again cause an overproportional thermal stabilization of the S& phase.

For the use in fast-responding broad-range ferroelectric mixtures, among the
series studied in Table VIII, IIIC, IIB and, to a lesser extent, IA are the most
promising ones, provided that highly ordered smectic phases are easily suppress-
able. If this is not the case, they should be partly replaced by laterally fluorinated
representatives. (Characteristic data of three ferroelectric mixtures containing com-
pounds of the series HC, IID and IIIC are given in Reference 15.)
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