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New ferroelectric liquid crystal having biphenyl ester core group
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Display Lab, SAIT( Samsung Advanced Institute of Technology),
*Chemistry Dept. Kon-Kuk University
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Abstrac! Some 4-(4-alkyloxybenzoyloxy)-4’-(S)-a-chloro-alkanoyloxybiphenyls have been synthe-
sized and their mesomorphic properties were studied. They show a ferroelectric chiral smectic C phase in

addition to the chiral nematic and smectic’ A phase. We obtained a large spontaneous polarization ex-

ceeding 107’C/cm? in new biphenyl ester series.
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1.1. P-Decyloxybenzoic acid(2) 2] §FAJ!" 7

Magnetic stirrer?} 8 &Wzt7i7t A H
1000m¢ 27+ ZF&}2=9) 4-hydroxy benzoic
acid (1) 13.86g(0.10mol) & %' 37 ethanol 375
mfs =9lt}. o] 7)o 1-bromodecane 13.86g
(0. 20m0])c« 7} KOH 11.22g(0.20mol) &
S5 S0mloll 5o ek o] 9% 80T

HO _@-coon(l ) RCH(NHz)COOH(5 )
RBr|X0H/Bz0 HCI| N NO,
RO -@-coon(z) RCR(CI)CO0R (6)
s0Cly Peiy| soct,
ro ~(0)-coci (3) Ker(c1)coe1(7)
HO-@—@-0H
RO —@—coo 03(4)

cx,,
R0 ~(0)-c00 -(0)—O)- OCOCR(CUK (8)

R= n-alkyl(5~10}
R= —CE,-?H—CH,.—?H——CH,.-?K"Czﬂs
CHg CHs CHy

Figure. 1. Synthetic schemem of 4-(4-alkyloxy-
phenylthiocarbonyl) - 4" - (S) - « - halo - alkanoy-
loxybiphenyl.
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ol Al 1041 #Fubg Al7]x, 10% KOHE
of 120m0E ¥ g 2417 O FHRDEA
ZItk, 30C7HA Yztato] 6N-HClg o 2 oF
A BIAIA AAESE HE F FHT 26mE
3% i HURAA ethanolol A A4 7% st
86%¢2 &< dAd. '"H-NMR(CDCly) :
8 0.67-1.55(19H, m), & 3.69-3.88(2H, t), &
6.67-6.90(2H, d), & 7.69-7.82(2H, d), 6 114
(1H, s).

1.2. p-Decyloxybenzoyl chloride(3) 2] A

Magnetic stirrer, &7 W 2}7], gas trapo] %
E 100mé 27 =T}~ Ho) p-decyloxyben-
zoic acid(2) 13.90g(0.05mol)-2 thionyl chlo-
ride 50méel] *=¢1 F 80CoNA 2A1Z Ry
2-A At v vkg¥E thionyl chlorideE Al # &}
31 ARFZF(2-3mmHg/182-186°C) 38t 90%
o £&& ¥k IR 1740-1775ecm ™ (C=0,
Acid chloride). 'H-NMR (CDCl;) : 8 0.73-1.40
(19H, m), & 3.78-3.98(2H, t), & 6.68-6.80
(2H, d), 6 7.78-7.91(2H, d).

1.3. 4-(4-Decyloxybenzoyloxy) -4 -hydroxy-

biphenyl(4) ¢ &4

Magnetic stirrer, dropping funnele] #x ¥
100m¢ 2+ Zv}2~=9] p-decyloxybenzoyl
chloride(3) 5.93g(0.02mol)& Ty 60ml o)
o Yo F 44’'-dihydroxy biphenyl 3.72g
(0.02mol) E 1A 7} 3087t AR 731, ice
~batholl 4] 3A1ZF WH-GAIZ] vhg Ao 2
AlZE E RS AF T AHES A2 AxA
# chloroformo 2 A AR & 70%2 +&&
A9l th. 'H-NMR(CDCly+ DMSO-D;) : 8 0.68-
1.50(19H, m), & 3.89-4.08(2H, t), 66.80-8.14
(12H, m), & 9.0(1H, S). IR(CCL) : 3470cm™!
(OH), 1715em (C=0).

1.4. (S)-2-Chloro-3-methylpentanoic acid

(6)o A4

T. Ikejiri'®o] AU o] 238 L-isoleucine
(5) 20.65g(0.15mol)-& 6N-HCI £ 300mél
=¢l ¥ jce-bathojA] WZFA|Z7]®H A NaNO,
31.0g(0.45mol)'S 713l 6A17F WA o8
W 8% &L A la]?T: +29
(CH;0H). 'H-NMR(CDCls) : & 1.03-1.13
(6H, m), & 1.90-252(1H, m), & 4.11-4.20
(1H, d), 8§ 11.40(1H, s). IR(EtOH) : 1720cm™!
(COOH).

28] A28 0 2 Biphenyl ester7] & zZt= A2
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1.5. (S)-2-Chloro-3-methylpentanoyl chlo-
ride(7) 9] &4

B AR A olo] WEF G
9olall (S)-2-chloro-3-methylpentanoic acid(6)
17.50g(0.125mol) & ice-bathell 4] thionyl chlo-
ride 45.00g(0.380mol) 3} ¥F-&A]Z) 0 24 84%
o) £&& dA 'H-NMR(CDChL) @ 6 0.21-
1.31(6H, m), & 1.90-2.34(1H, m), & 4.35-4.45
(1H, d). IR(EtOH) : 1795-1810cm'(COCI).

1.6. 4 - (4 - Decyloxybenzoyloxy) -4’ - (28,

3S) -2 -chloro-3-methylpentanoyloxybi-
phenyl(8) 2] 34

Magnetic stirrer, dropping funnel, &&F¥ 2}
7], Zf@ol FE 1000 27 S0 4
-(4-decyloxybenzoyloxy) -4’ -hydroxybiphenyl
(4) 2.23g(0.005mol) & HH 30mlo) %<
3. 2-chloro-3-methylpentanoyl chloride 0.84g
(0.005mol) & &g 7i3ioh 120Col A 4
AL BHSAIZIE NSNS dE5ERT
et AWBL AR AxAA oA Ee
AAR 86%e] 44 BAch HNMR
(CDCl;+DMSO-Dy) : & 0.68-1.50(28H, m), &
2.00-2.50(1H, m), & 3.80-4.08(2H, t), & 4.15-
4.25(1H, d), &6 6.80-8.14(12H, m).

Cs3HisClOs o Foe oAV}
C,;7260%, H;743%, Cl;6.14%°]™, d4¥
A& C;72.06%, H; 7.53%, Cl; 6.09% % o}

2. AHAY MHO|RE, AYET &X

FAE 4o AFGA ol FHE
s A7 B "G A 9 AlA
FALG M7 & ALEat o, test cell Al
2 YRS FAHLS E AFAANA o] Mol ¥
wek AW A Wy o® cell gap
o] 30umg) M= XE bulk cellg A F3so
daE g ol gste Ao

L. A% Y D

PaEH

1.8 o

4-(4-n-Alkyloxybenzoyloxy) -4" -(S) -a-
chloro-alkanoyloxybiphenyl Al <42 3} §H&-2
Figure 1o e} Sl AZol o) FFAdst
dem, 2 Ad3e ogd Zrh

P-Alkyloxybenzoic acid(2)y Iwra o=
Z deld v ysiekg-S ol &3t 4-hydroxy-
benzoic acid®} n-alkyl bromide& o &+-& £
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sloll 4] KOHE H7tste drd doz &
Fute A7l & 6N-HClZ F3}3te] waxA
ol AAHEE 42 & YUk olgf HCIE #
Fo 2 FHrtet] LAl HYE g Eol
o gt-&ofl =ol Fgol HAsA #Aade A
o #AY 4 k. Alkyloxybenzoyl chlo-
ride(3)+= benzoyl chloride®] C=0 &7} R
2 EH9 1720-1735cm ' A YEIUHE2Z
-COOH(C=0, 1710cm )7} -COCIZ x| 3

& ¥ + Atk

4 - (4 - Alkyloxybenzoyloxy) -4’ -hydroxybi-
phenyi(4)+ 4-alkyloxybenzoyl chloride2} thi-
onyl chlorideE® A}&3 Jazhutgoz ok 70
%2 &2 F43At DHFFES €7
93l mad & oA alkyloxybenzoyl chlo-
ride(3) 9} 4,4’ -hydroxybiphenyl & 3 Fub3-x]
Aot oF 95%¢9] 4,47 -alkyloxybenzoyloxybi-
phenylo] R-itE2 HAHESE & 4 UATh
ol#jgt FAE S AAHAF7] s 4,47-hy-
droxybiphenyl& #alde] £3271 F —10
CollA] 4-alkylbenzoyl chloride(3)& 1.5A]%F
of AR sista 3AIte] HAAH BFNSAA
th. "S- E S ofNEoR Ao AAZL
chloroforme. 2 A d A 3tq 4-(4~
alkyloxybenzoyloxy) -4’ - hydroxybiphenyl(4)
IS AL 5 Ut 4-(4-alkyloxyben-
zoyloxy)-4’-hydroxybiphenyl(4)¢] IR A¥HE
FE AW RA, 3470cm ' A -OHe| F4+7t
e, 1730cm™' G A esterd] C=0
F47 vevng EXse (H3EE ¥
ARAES AT & A

(S)-a-Aliphatic acid(6)= R 2¥Eg9
1730cm ™ d Aol A -CO(acid) &4& JERY
i -NH.(3300-3500cm ™) 2] F7F HolA
ofomj, NMR ~#Ee] §4.11-4.20 %9
/4 2-chloroe] @78 -CHCle] 477
B2 8 g-amino acid®] a 9% -NH.7t -CI
2 AEHALE & 5 Uh

(S)-a-Aliphatic carbonyl chloride(7)}+ 1R
23| @ ate] 1795-1810cm™ G Ao]s C=0
E47 JElE 2 -COOH(C=0, 1760-1770
em )7 -COCIZ A #AHALSS & F Ak

Figure 2= HEAHAHE 4-(4-decyloxy-
benzoyloxy)--4"~-(2S, 3S)-2-chloro-3-methyl-

pentanoyl oxvbiphenyl(8)¢] IR =¥ =324

P
T’:'T‘Q‘:

\ i ! 1 1 )

000 2600 2000 2600 2000 1500 1000

Figure 2. IR spectrum of 4-(4-decyloxybenzoy-

loxy)-4"-(2S, 3S)-2-chloro-3-methylpentanoyl-

oxybiphenyl.
Uet e, estere] C=0 JF57F 1720-
1730cm™'Abol o EpLbe C-Clel &7}

800cm g HoNM e & F 3

Figure 3& 4-(4-decyloxybenzoyloxy)-4"-
(2S, 35)-2-chloro-3-methylpentanoyloxbiyph-
enyl(8)3}31 82 NMR 2#HEZS Jehdo
2HEH S AW BT para G A FE n-
decyloxy At& 2 Ab49l o) Rt wao o
Ad FAdA7E 8 3.91-4.119 oA AFHNS
2, @AY HidgA wrad x@dE 4A
27} & 4.20-4.300| 4 o]|&E M o B, phenyl”?] ¢
biphenyl7] o] AZA € 12709 FFAFe] &
6.91-8.17 Aol A thF Mo g Ve S ¢

— b \
10.0 9.0 8.0 7.0 5.0

Figure 3. NMR spectrum of 4-(4-decyloxybenzoy-
loxy)-4"-(28S,
oxybiphenyl.

3S)-2~chloro-3-methylpentanoyl-
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olte] I. R N. M. R datag 23
o Figure 19| A 2ol ola ¥ (8)3g%E
- 4-(4-decyloxybenzoyloxy)-4"-(2S, 3S)-2-
chloro-3-methylpentanoyloxybiphenyl¢] & 32}
Qg & Urh

2. 0|

Figure 19 7Z &< o8l 4% biphenyl
esterA FHAH HAo g FHol 2%
2 Hold e E Mettler FP-80HTe] 7} 3]
2} Du Pont 9900 A] &} A" ¥ 4 7] (Differen-
tial scanning calorimeter) & A¥%6}0:] =7 5}
¥ 1t A}E Table 1-30] FE5¢=1),
Tableoll 5] K= ARX u2AE, Sc*¥= chiral

hilad

f

smectic C4%, Sat  smectic A*o &, N*=
chiral nemat icAt &, I+ EwAd 42 }e}
L=

Table 12 4-(4-alkyloxybenzoyloxy)-4'~

(25, 3S)-2-chloro-3-methylpentanoyloxyhi-
phenyl Ald stg=o o] et ex g
vERH ol Table 1o 938}  4-(4-alkyloxy-
benzoyloxy)-4'-(2S, 3S)-2
pentanoyloxybipheny Al € A A 33t 711
4 Wt 79 SFERE o180 e
4@ Bagh Fohekel npel Soabel £y
17 Holx 3 N*¥eol x¥e7l Foby
%J 7 ootk Eg, N*1 gdolene 2
st §IANE 42 ©@ag Totel W) kY
[EI A e
Table 2+

(2S) -2-chloro-4 -methylpentanoyloxybiphenyl

-chlorn-3-methyl-

819 m‘o

4-(4-alkyloxybenzoyloxy) -4’ -

Table 1. Transition temveratures and spontaneous
polarizations of 4-(4-alkyloxybenzoyloxy)-4'-
(2S, 3S)-2-chloro-3-methylpentanoyloxybiphen-

vls.
Trans. type & trans. temp.( ( C) ] o
No. R X {*»K-SWC—FSEA SH Ps(nC/cm?)
CB|CH(CH) Ol —  — 1324 -
6 |CHs(CH,)s| Cl — — 150.9 l -
7|CH(CHy)s| CI | 672 994 1357 | 279
8 [CHs(CHa),| C1 | 64.8 84.4 155.9 J 215
9 |CH;(CH,)4 70.1 92.5 152.7 168
10 |CH, (CHz) J 81.1 96.8 161 1 L 137

'Spomaneous polanzatmn was measured at T= TrlO C

S HILR 2 Biphenyl ester”] 8 2+ W2 AR oA 699

Table 2. Transition temperatures and spontaneous
polarizations of 4-(4-alkyloxybenzoyloxy)-4'-

(2S)-2-chloro-4-methylpentanoyloxybiphenyls.

I\;o.r RﬁJT I:F ks typ@j&j{@mf t€mi) (Cj)] W(nC,/Cm'“’)
J* K-S* S8, SNt N*1 |
5ICH(CHY | — & = 175/T -
6|CH(CH)|CL — —  — 1679 -

7 cn-;(CHz)JCl) 851 1015 1287 1714' 186
RICH,(CH),[CI| 669 1080 1373 1669 | 141
9“CH(CH) i 790 1067 1357 1630! 113

10\CH(CHy)[CI| 749 862 1455 1624 | 92

*gpnntaneom polarxzanon was measured at T= = Te-107

Table 3. Transition temperatures and spontaneous

polarizations of 4-{4-alkvloxybenzoyloxy)-4"~

(2S) -2--chloro-3-methylbut annyloxybipheny]s.

VI\;J Ri TTr [Tranq upe & trans temp(( )T” 7,

" IKS* sty /s} N \J*ll)(wm)

5 1CH, CII)4 ol LTI T g ‘" -
sju J(CH,);! CN - = 1804 —
TICH(CH), 1| 553 1355 1451 1736 | 203
8 |CH.(CH ,>-‘u B3 89 1425 180| 17
9 ICHy(CH,), '573 1402 1534 18271 149

10(} (CHy) 91L11818 961 ]‘373 177()‘ 106

‘gpomaneous polarization was measur edat T= Te--10 C

Ald st bzl dago] W3k g% Ol 2L
woEEl 2 N*ol 2pelxia, K-8.*-S,
polymesomorphismeo] VFERTS Qb 3= ‘2‘]
9 @ag Frlel me Sy Lwe
s} i §
¥l 3%59 gy 7oy 1Y wWe we
Chebsg o,

Table 3&
(2S) -2 -chloro -3 -methylbutanoyloxybiphenyl
AY BghEel tist Y] exoh Holdwy
5 uEpdch o] datel olEW 4-(4-alky-
(25) - 2 - chloro - 3 -
methylbutanovioxybiphenyl A€ 3355
Table 19} 2o el o Ad
o Nl 2w vE W, By
TRV 5SS Bodrh o] edh @A
g7l dolrt 2 Fite] dgHE nu
olx RRbEE ke l#e] FrlE
o AztHE.

Table 1-30l e]atwl, §Hd € 187k 4-(4-

glel o}, C,\)\Io L Q)i &)
o

4-(4-alkyloxybenzoyloxy)-4"'-

loxyhenzoyloxy) - 47 -

Y o

.
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700
| 707C 75C
|
(a) crystal (b) K-S¢* transision
i3 'ﬂ«§u~ S
% “"gr
, } b N
81°C [ Wp o . . 86C
(c) Sc¢™ phase (d) Sc*-Ss transition
\ )
122°C ‘ o i 146C
i {e) Sa phase (f) Sa-N* transition
e >
153C | 162°C
(g) N* phase (h) N*-1 transition

Figure. 4. Photomicrograph of 4-(4-decyloxybenzoyloxy)-4"-(2S, 3S8)-2-chloro-3-methylpentano-

yloxybiphenyl.(cross polarized, X100) ;
(a) crystal, (b) K-Sc* transition, (¢) S¢* phase, (d) Sc*-Sa transition, {(e) S, phase,

(f) S4-N¥* transition, (g) N* phase, (h) N*-I transition
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alkyloxybenzoyloxy) - 4" - (8) - chloro - al-

kanoyloxybiphenyl 7 §}°’L~‘ff~'—-‘- bl al
kyloxy group®l §Fi4=7F 5-6%1 &} 2. o
g v A gkskeont LAl 12714 3
Bl (et b 7-10) 8 i ol g AFS Uil
141010”1, 3d N sigtirel =i
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A7y & ¥, oA Y e filste] B
2 #9] 15 (molecular packing density) oj]
Lo apel sl g7l wit o AR ZRE U

StH, wddt F5o #ggEe @day St
of mpE Adel &rxieol 4-71% &Hodd-
even effect) &= & 3} 3 &) A4 LELA %
plg=y

Figure 4o}
(S)-a-chloro-alkanoyloxybiphenyl(8) Ald o
Aahste £ A EHel 4-(4-decyloxy-
benzoyloxy)-4'-(2S, 3S5)-2-chloro-3-methyl-
pentanoyloxybiphenyle] thokst ol Al ul b
Mol ol Ao WMzt
o Rt (a)
B, (b)= K-S* aAo
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Al e focal-conic & e 2
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nucleation X 4’,‘*% ()= S\-N* "ol 4 &
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VERI R, () N*-T#Ho]i4) N*4bo]
Abebal st Fud A R #oly] z
& U 7 Utk

of#| gk Abxole gk Al
(DSCYy 43% Figure 59 431}l Figure
7-(28S, 3S) -2
“chloro'fi~'mer,hylpentanoyloxybiphenyl0]] t 3l
DSC HlolEliz 479 ¥y} ZAsi= o 7t
M Flgs Abzdololl d gk Aol o A NE]
K—S*-»5,—N*-1¢] polymesomorphorismo]
e S o = ok K-Se*gdo) dzi7F 43
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A el focal-conic &
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5% 4-(4-decyloxybenzoyloxy)-4

84.66C 142.652C  160.84T
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71.93¢ . 20T
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Temperature( C}

Figure 5. Differicrograph of 4-(4-decyloxybenzoy-
loxy)-4"-(2S,
oxybiphenyl.

3S)-2-chloro-3-methylpentanoyl-

o b i oQgu g g, N*-1 zo] o
vz GG A oA el B apjul ] 7} o
sz 2 ogEE 2, S, N*e¢
Holiz A9 smectic ¥2FFE ¥ 3 H
AR 7 FE g 3R :27)9 ol
% zrou, §5*-5, Ao smectic H-x}o] %
Abmvbs WHatAlZ| R b He gl
25 el
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Table 1-30] ]38} biphenyl esterAl Y 7%
4 dH2 T=Tc—10TCol A 10 'C/em?et

del i o AwEds Adu Jes ¢

BRENE]

O

o

2~ ol

T AR
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