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Fig. 1-3.1 The bistates of the ferroelectric liquid crystals.
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Fig. 1-3.2 The helical structure of SmC* 7phase.;,P: the polar direction, C:
C-director, 0: tilted angle, \{: azimutal angle.
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Fig. 1-4.1 The structures of ferroelectric phase, ferroelectric phase and
antiferroelectric phase.
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M (field induced antiferroelectric to ferroelectric ) i 4% o

Fig. 1-4.2 The molecular ;arrangement of (a) helical state in antiferroelectric
liquid crystal phase, (b) unwound state-in-in antiferroelectric liquid crystal
phase, (c) helical state in ferroelectric liquid crystal phase.
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Fig. 1-5.1 (a) Schematic representation of a typical achiral bent-core molecule
(b) parallel and antiparallel packing of columns of bowl-shaped molecule.
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B2 3 4p e ¥ ¥ 273} homogeneous chiral structure (homochiral
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Fig. 1-5.3 Four types of the SmCP-phase;; which are distinguished by the
relative tilt sense and the polar order (which corresponds to the bent direction)
in adjacent smectic layers. The suffixes-S or A, added to the C, define whether
the tilt is synclinic or anticlinic. The suffixes F and A, after P, refer to

ferroelectric or antiferroelectric polar orders. Full and open molecular symbols
indicate smectic layers of opposite handedness (n: director, k: layer normal, p:
polar axis). The signs ¢ and © correspond to opposite bent directions.
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Fig. 1-5.4 Mechanisms of polar switching (a) by collective rotation of the
molecules around their long axes and (b) by rotation of the director around the
tilt cone. Filled and open molecule symbols designate layers of opposite
handedness.
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Optical tilt angle (+)

+
R0\
SmC.P: SmC,P;, SmC,P:
Fig. 1-5.5 Rotation of the darkextinction brushes in circular domains as seen
between crossed polarisers (position of polariser P and analyser A are indicated
by arrows) for an AF mesophase with SmC,P, ground state structure under a
dc electric field on reversing the sign of the applied field, demonstrating the
tristable switching. (a) Fieldinduced FE state (SmCgPg); (b) AF ground state
(SmCsP,) and (c¢) FE state (SmCgsPr) with opposite polar direction. A
schematic representation of the arrangement of the molecules in the circular
domains with equidistant smectic layers (cross-sectional area parallel to the cell
surfaces) responsible for the occurrence of dark brushes and a simplified
presentation of only a part of these domains are shown below.
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SmC,Pr SmC;Pa SmC,Pr

Fig. 1-5.6 Optical photomicrographs showing the switching of the racemic
SmCsP, phase as seen between crossed polarisers and models showing the
reorganisation of the molecules during the switching process around a cone. (a)
Field-induced FE state (SmC4Pr); (b) AF ground state (SmCgP,) composed of
domains with opposite tilt direction and anticlinic/FE boundaries between them

(areas with yellow background), and (c¢) FE state (SmC,Pr) with opposite
polarity.
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Fig. 1-5.7 The general structure of bent-core molecules and positions of
structural variations.
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Fig. 1-5.8 The general structure of. bent-c¢ore meolecules with substituents on
central bent unit.
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Fig. 1-5.9 Influence of the position of F=substituents at the bent aromatic core
upon the liquid crystalline properties of the resorcinol derived phenylbenzoates
(at least one position S;~S, is substituted by F).
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AkE et kE

7"{78&8 ’

Brw AR fBE S R
(Isotropic texture ) ¥ L% | 4p & %t ¥ {2.5% % % # - Dantlagraber''”!
R EOAR G AR R BEY ST L - K LS
FIABED - FEFETAFBTIHRE ] C 4o

DAk EREBERTI B S

‘J"f#ﬂ-"’}i ’,%’;‘_fs,

( Dimers ) ; %%‘a";

F & fL B enrs # ,/T‘

(Decoupling ) &% » ¥ ¢k » &3 4] = B £
w5 B0 g A5 spacer o sTA=Ap ARk B 5 Anticlinic

T

S A S4BT AE BT

1-5-5 % &~ % B4l &
FERparRhar CPERE R LFRE SR R
s FRmod N F A

B A MBATT B AMATEN LS

R EITAR &
+p 5‘\3‘3.5’_%3}'3‘]?_’ “‘g?\ﬁp}_n { F‘gﬁgjb rﬁ‘é—’f#’é‘cﬁ\ﬁr’s A
EAlR & 352487

AEARRS 2T 3w - o FAFEE

( Main-chain ) ~ #]4&7%] (Side-chain) ~ % % 4] (Crosslinked ) ~ #5} 4)
FEARBTEF BT R

( Dendrimeric ) «-- % > 3Rix 3 A F
A A4+ ¢ = 2§ (backbone)

B e 2004 & Choi "% 4 » &3
Central bent unit # Rod-like wings % ¢ -

SEER A 2
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B RBRAAMSYRF LI RLEE 1 X KEMEP 5 2 H
*3AE BBy 2 SmA 4P AN FAFEARER X1 A TR
M (Polar) it 2 FFNET il » ;e m 2 KR M E BB BT & F B
TALE o @ 2005 & Keith'' F kAR A 30~ i I
Polysiloxane % 5 & A 3 2 i% (backbone ) #4280 H ALY Ap 5
ABEEFHEHERS VD RERBA IR HEI AR AR
AR AR o £ A BT L ARERLE AT RHAAFR A
EEBES 2B LR B PR E P E - B &4 (Dimers) # i o
P AR A2 BB T A A RT ERERBEIHTLT

(Ps = 500 nCem™) o 4 %2007 # Qi-Feng'"”! = zx -4 R+ A

m

(acrylates) & 2 #% » A5= PlaadlE 25 o i tEm T gt 3
> AR A RS R LR S A By iR dp 0 G R
% % & # [ Biphenyl % # . %*d" +%.& (Central bent unit) » j > k&
FREWE MR mE 2 FI 5 B APEM S A plsd

2]
202}

<k

AEoSRAESE RS R ARFN - BAMRAZT Y

}@'lé ’ pﬁiﬁﬁmﬁglileﬁ_o

1-6 &2 4 3+ (Supramolecular) # 42317 %
A S AARTIE Y 2LR GiadAR T (TR AT R S H R U

BSOS T S poRERApE R 2 0T
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2

1 * &4+ F4p3 5% (Intramolecular Interaction) ¥ "M 5 f4

2
4

‘/‘175995“6]°§£€—7’ = HY - BRAEEY T n—»‘ o fbenied 4ok

AIRAFHEROEFERSIEY o F LA AR AP a RS2 4
FEHN B RN A A A F E o 40 DNA % £ T
TABAT A R WA R fRed foefien 2 B chig AR dEpe ok e e
FHES  EF 2 AFPE T 5 A A Seng s e d atzt
LRGSR T 4 > B B AT R AL TR

ST R IR Db B RO R

N

B ARNBFLARTETA T WA G LS B B R A

|

EoRAFTRLEBLEPI X TG TSRS B ol e S

1-6-1 @ 4273k fu & F fER

f1* & 4 (hydrogen bonding) #p % iF* kg MeF s+ > A
AT R B o % A 70E & ¢ ¥ Blumstein "7 % W] *
Poly( acryloyloxybenzoic acid) §= Poly(methacryloyloxybenzoic acid)
HBAF R A5 & - B4 (Dimer) @ #3093 B (Ordered) /%
So M ko R PEASIA2: A B B T 1989 # Frechet - Kato '™

FE I AR A THE AR T AABRAS I T BEL 4T A2 5
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J& i fo 75 (Extended mesogen) & |7 i foifl & & Bl 4 B g 4 R
Soif £ R K2 RlaaAE A 3R B R ES o 1990 & Lehn ' %47 1
Frefpegh (Uracil) o 2,62 F s veetez  (2,6-Diacylaminopyridine )
BRI TR ARASFEE LA RS ABRLSF R
Fl* T 4Ep e E3RAFI R EM LT LY FE o Paleos
fv Tsiourvas ¥ 1995 & 2w e L0 3 2 B te ko F HEL
FEEGAPT T B R OR e A A TR B AL DY R RS 2
B IR o AT A F B RBNF R AR Y AR Hh A F R R

o e BRI 3 L SRR AP o

1-6-2 p N K& 4% fo ke + ABE
= iﬁ’giﬁﬁjﬁ/};fﬁ&%‘\g%’%;Zl’/(_‘?/\;iéiéilj
( Main-chain ) ~ ®]4&a%] (Side-chain )~ 2 #%| (Combined ) % 4 &7

(Network ) = + #54c) 1-6.1 #77 :

IIT Combined
I Side-Chain N

A B T
7 A
[%] v Netwoi'kD

I vMain-Chain éj(:é&
N S S O {m@§ﬁ§€§

Fig. 1-6.1 Schematic representation of four typical H-bonded liquid crystals.
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1-6-2-1 3 4a7] (Main-chain )

A4S F A2 Y S REERSAERELR B A
2 A4 Ram AN RHBATFRIEY LR G SRR LA
FEE A, o Lehn AR 7§ 3R B T A2 5 F & 4Eens
IAFHETRABERADTE DS 1A F R AR
Ay o B b HEREIRER DS RSB

2,6-Diacylaminopyridine (2,6= fr £ rtegr ik ) 2 7 2 2

\\\

3 &
&

¢ Uracil (e ) = H p 224 3R SR E P (e

3

1-6.2(a) #7177 ) > @+ A T dpEIFarend Fond gy vk

LA S o B AR R B ol b T S
WA BEE AL S P ERRFE TF LS EHA T R
SRR EA S MF R R RPE R EE DD - Bl 1-6.2(b)
P RALA F AR S d RIS A AN fRERT A N ERA

, . - . FER TN - . , . [19b1]
Al S Ak 0 T A EAR AT RS AR L °

HA VoM f 802 iliker Feng Frieg AP EFTIRA

.

EFT AP G BA S T 2L 2 4cR 1-62(c) A4aTAe

A RGBEY S R RPN IT &R o
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1;1 qA
DN
A
(A) v
ot ”L R
T e N oty
R=GCygtes o OA H
0.,
By H By’
o 0
(B) P Denepj—p Q aR Pl oR (o] ? Qe seH—MN 9
\N N MN=H s N’ N N—( 4 {
r_(ﬁ_{ i he N NMN_'H'"N— N\
B e e H—N <] N—H-- :1 seH=
0 c ¢ " s . e
B By
(C)

- .NQACN...H—O ;D
{ \_/ \ ;C-@O'fDOchHg}40@G:
0"’ Q=Hepe=-
,0
—C
] s
O
c_

o

A= —CH,=CH; —

Fig. 1-6.2 The chemical structures of main=chain H-bonded polymers.

1-6-2-2 f14a%] ( Side-chain )

_—

R B A 5 pl4a 2 3 4% &40 (Proton donor/acceptor ) £
Va3 25 -3 a 886 ARG R R A3 FRED
WARY 0 A2 A AR ERATR L ATE S o BT F R S

B A Iy P ol /eler B % X DR LM A AeiFE ~ B 7 e Kato

HOHAEFT LR > B AT - kAang /e 8 koD

iglv\ + 117"? EIEB /‘%"\g +e %ﬁﬁ'ﬁg ,:l(\ Eﬁ;}é;‘g"}i}\ %/pklﬂ ‘:’K} éﬁ— )‘ /@ B E&
= B *#:l\; % }% j& BEEI %ﬁj.‘l@f‘_‘;\; ‘Q % ’ '&r'—f rﬁ:] 1_6.3 ° Hamilton :f: [21a])
AT 0 AEGA AR T L Artendes A B E § 4 o

Kato 3 F ARl a4t p 2L F R Mg Artedh



REANCF A LAY LR A FE LB T ACR 1-64
S A i S R E o Kato PR R E GRS &4
% (Donor)> 27 5 Hefek A enE W1 1Fcrif £ 5 AR EFER EF A
FIRITH Sa Ao F Y 7 ESE AT &4 1T L & 42X 1 (Acceptor)
SR FRREERE > VIET 20~62 CEF L RITH Sadpedgh +

o B o4me
AT

AR S o S N
R= —O~+CH3—CH, —CN, —NO,. —D—ﬁ-@—cm’
Q

(A

l

—o H—(-Ds:-}—

CH, {CH_J D‘O—‘E"ﬁ—ﬁ QW
R= =-—HCH,. Q—{)c“ —CH ?{P—CH,

EH,
cy

Fig. 1-6.3 Carboxyl/pyridine system of side-chain H-bonded polymers.

-E{:H CH-

'l
o s
( Hsh F:
-
m=6.8.10
XN=H.CLUH..OCH . NO,
m=4.7
X
H,C { B3
M, Hak.
C-‘ '}"‘E’S‘\Q/ ‘;‘5 m Ha
Ly

Fig. 1-6.4 Carboxyl/ammo pyrldme system of side-chain H-bonded polymers.
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1-T~> v ey b4

FAHEREAR D AT ARFEA T EHRONEE BEHIE L
PO aaRr M REY AARDETBE T HMILE T APF
G4 o 2004 & Serrano PV E A o 4R Er L4 G
WAL A EEFEREES] C Apo § et 5 100HZ 7
R OI180V Z AP W AH L RHRRI - BRIAE RE > 5K 4B
Tt & o BFRY B FRAXRF A EANRBHEY -F o2 R
AFT) R A A4 Bl o 3T G etk e e 7R
Ao RBATHTEEALB R R EE XL T A LB )G
TAEEH 4 X335 72 B AN RGFEI AT B E AR B A
+”*’ﬁﬂ‘9+ﬁﬂﬂ%ﬁ%ﬁ’%i§%¢4ﬁﬂﬂ°ﬁﬁﬁ
it 2006 £ SerranoMVEF ZHETA b N5 4 4ERleaG AT o
> # 3] SmCP i do4p o 2Xd > HIC R TR E S - A& RF]
7 43t pt 58 Homopolymer & 4% 4 F S I BT REEE L 5 3 4

FEMEBRASGE AT B ABRRET T EA s f RE R

Ji

SRTREIHREPBTAFBTIEF G b AT HRFHE G
SR E RS RS L oA EERF A DL S RaS
B3GR A R E A G W I S

BRBRIAF A HAEd THEREBEFETEI A FBIERES -
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-1 R %S

HAHRATF T FFER AT

BR LR FE R

Potassium carbonate 500 g SHOWA
Potassium iodide 500 g SHOWA
Methyl-4-hydroxybenzoate 500 g TCI
1-Bromododecane 100 g ACROS
Potassium hydroxide 500 g SHOWA
Hydrochloric acid 25L Fisher Scientific
Benzyl 4-hydroxybenoate 100 g Aldrich
4-(N,N’-dimethylamino)pyridine 100 g Lancaster
N,N’-dicyclohexylcarbodiimide 100 g Fluka

10% Pd-C 10g J&J Materials Incorporated
12-Bromododecan-1-ol 100 g Alfa Aesar
2,6-di-tert-butyl-4-methylphenol 250 g Lancaster
Acryloyl chloride 250 ¢ Alfa Aesar
Resorcinol 250 g Lancaster
Benzyl bromide 50.g Alfa Aesar
Magnesium sulfate anhydrous 1000 g SHOWA
Isonicotinoyl chloride 50g ACROS
n-Butyl lithium 100 mL | CHEMETALL
Triisopropyl borate 500 mL | Alfa Aesar
3-Bromophenol 50g Alfa Aesar
Imidozal 250 g ACROS
Tert-butylchlorodimethylsilane 25¢g ACROS
Tetrakis(triphenylphosphine) palladium(0) |5¢g Ultra Fine Chemical Technology Corp.
Tert-n-butylammonium flouride 100 g Alfa Aesar
2,2’-azobis(isobutyronitrile) 25¢g SHOWA
N,N-dimethylanilline 25 mL TCI
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7 7 E R
Acetone 4L GRAND
Eethyl Alcohol 4L TEDIA
Dichloromethane 4L TEDIA
n-Hexane 4L GRAND
Tetrahydrofuran 4L Mallinckrodt Chemicals
Ethyl Acetate 4L GRAND
Toluene 4L GRAND
Ether 4L J. T. Baker
1,4-dioxane 4L TEDIA
Triethylamine 4L ACROS

v # -k 2_ tetrahydrofuran 12 & A 40 32 %% 5 & -k 2_ dichloromethane P] 14

CaH 32 » ¢ * L &

P Ay e e
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229 %K RE
1~ E % %% (Vacuum Line & Schlenk Line )
2~ P+ ¥r k¥ ik (Nuclear Megnetic Resonance )
A% Burker AC300 3
¥ 2 1% Sample 3% d-solvent ¥ - #* #7;p[t® 'H g PC
LT L2 B a AR PR EBE L ppmo B & F BH
# % Hz» #12 d-solvent i& % p & (d-chloroform 'H S =7.24 ppm °
PC 6=77ppm)-S % singlet>d % doublet>t % triplet -
m & % multiplet -
3~ %% &~ 17 %k (Elemental Analyzer)
4] &%, : Perkin-Elmer 240€ 3|
d R FFEREY SRR
4 ~ # & & 47 % (Thermogravimetric Analysis, TGA )
A8 : Du Pont TGA 2920 4|
5~ 7 £ 4+ £ £+ (Differential Scanning Calorimeter > DSC )
A% * Perkin Elmer Pyris 7 %)
DSC E A i Hh2 fd B2 532 F - 2% RE D
LIFRERE  BRFHFRZERSHE L 1.5~50mg 2 F > #H %

EEBEE? R EFRPLEATEFER IS AL THDEL TR
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JEAEBEL ] A R REEE R - DSC AR T BB A %
L2 73 A Iﬁ/éiﬁiﬂﬁu o AP 2. A5 (_‘?' E‘E'ﬁ Ehp-SHPE

)0 Fe % e 4R 2 £ P E s ik Ao S A sl (POM) > X-ray

f?’ﬂ
?m«
£

R o
6 ~ ik & e (Polarized Optical Microscope, POM )
A% : LEICA DMLP
Tk B L = Rk B A & Mettler FPO900 ¥ FP82HT ‘e &
ZABEYE S BRBRRE ARSI B F RILFI o F 4 A
SRS ELTEFRHBETE L RGAAEFEERFER - = PRk
(T 4% Polarizer’ £ % Analyzet) lp=e & & £ ¥ 5 90 A& o
W R REACER 2. 3 R AT RIZ CRRRRE T B iRk R Y i F
FE Mo La 28 BAETEZS ) F2 o FKELG Fir
BRIt SRRV BB TV RiER o
7~ k=& Gk E# ik (Infrared Spectrometer » IR )
A% ¢ Perk-Elmer Spectrum 100 3|
8 ~ X k¥ & s+ ¥684 1% (Powder X-ray Diffractometer, PXRD )
X-5tMESH RV ARG A PTE R Hh R F RXEHFE G 222 2 2
— TR F o T T2 MERFI R T A TR R SR F % F

Eobpen X-St8UF PARPE > A2 m 7R 5 R 2 MR o X-



AR HESHFA,7 % Braggs’Law (nA = 2dsin® ) &5 it o

9~ =zg A A2 B (Arbitrary Waveform Generator » AWG )
2] 85 ¢ Tektronix AFG 3021

10 ~ # =71 & B (Digital Oscilloscope )

3|85 ¢ Tektronix TDS-3012B

11 ~ & H& P2+ (Silicon Photodiode )

485 : Models ET-2000 ( Electro-Optics Technology Co., Ltd. )
12 ~ 4e#d208 k3% (Therm-control system )

A g5 © Models FP 800 » FP900 ( Mettler Instruments )

13~ 253 k&R B (DCPower Supply )

A1 %5 * Keithley 2400
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2-3 & 3 AR

|Scheme I. Synthesis Route of Monomer 1—4\

O

O
c) d) (0] OH
OH > >
(@)
C12H250 + HOOCOOBn
1-2

Ci2Hps0

a)} + Cq1oHosBr

b)

O

/@*ovwe
HO

e)\ + HOC12H24Br

b){
o) y O
OH — o OH
it 0
HOC1,H240 +
\)J\CI o-(—/ylz

1-3 1-4

Reagents: a) K,CO;, KI, acetone, reflux; b) KOH, ethanol, reflux; c)
N,N’-dicyclohexylcarbodiinide ~ (DCC),  4-(dimethylamino)pyridine
(DMAP), dry dichloromethane, rt; d) H,, 10% Pd-C, tetrhydrofuran(THF),
reflux; e) K,COs, KI acetone, reflux; f) 2,6-di-tert-butyl-4-methylphenol,
N,N’-dimethylaniline(DMA), 1,4-Dioxane, reflux
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\Scheme II. Synthesis Route of Monomer 2—4\

HO OH HO OBn

+1-2

-
2_2 2-2'
22 —_—
+ Feaaaae
o /@)LO _N
O HO | N C1oH50
_N 2-5
BnO
RN 3
0 (@) o)
v 9
—> HO O
2.3 OCyoHzs
(e}
OH
0 |+ 0 o/@)\
Ve
ot
\

OCi12Hzs
24

Reagents: a) K,COs, KI, acetone, reflux; b)
N,N’-dicyclohexylcarbodiinide(DCC),
4-(dimethylamino)pyridine(DMAP), dry dichloromethane, rt; c) H,, 10%
Pd-C, tetrhydrofuran(THF), reflux; d) 2,6-di-tert-butyl-4-methylphenol,
N,N’-dicyclohexylcarbodiinide(DCC),
4-(dimethylamino)pyridine(DMAP), dry dichloromethane, rt;
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\Scheme I11. Synthesis Route of Monomer 3—6\

a) b) OH
HO Br > BnO Br ——> BnO B\
+ OH
Br 3-1

S
Br

3-2

2 ® 0 \d ®
HO Si—O
+1-2 THF |
OBn OBn

9) 3-4 3-3

B S

C)
> I
Si—0
+ CI—s:i—é % i

L (e}
OCy2Has
h)

° /@J\OH
i
o 0 0
] @Ao @ *@Lo)gg
o 36

o

OCy2Hzs

Reagents: a) K,CO;, KI, acetone, reflux; b) (1) n-BuLi, dry
tetrahydrofuran(THF), -78 °C, (ii) triisopropyl borate, (iii) HClg); ¢)
Imidozal, dichloromethane, rt d) Pd(pphs)s, K,COs, EtOH/toluene, 90 “C
e) tert-n-butylammonium fluoride, tetrhydrofurane, rt f)
N,N’-dicyclohexylcarbodiinide(DCC),
4-(dimethylamino)pyridine(DMAP), dry dichloromethane, rt; g) H,, 10%
Pd-C, tetrhydrofuran, reflux; h) 2,6-di-tert-butyl-4-methylphenol,
N,N’-dicyclohexylcarbodiinide(DCC),
4-(dimethylamino)pyridine(DMAP), dry dichloromethane, rt;
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2-4 & %% 3

Methvl 4-(dodecyloxy)benzoate, 1-1’

O O

O/ + C12H25Br chog /K > O/
acetone, reflux
HO C1oH250

#-it & # methyl 4-hydroxybenzoate (5 g 32.9 mmol ) % >+ 500

mL [f] &SR 0 4~ i B3 A acetone R & IR R F e »
K,CO; (13.6 g > 98.6 mmol) fr> 3% Kl » #4747 > RS MBiF »
1-bromododecane (12.2 g » 49.3 mmol ) 4c#tix ;n » 3% TLC % >
BREHE TR R 2 gk e g Tl B o5 Rk A R A AL
£ f1* HO {r dichloromethane (DCM )= 3 B~ > B~5 % & v »
MgSO, ’T koo kSRR ﬁx%é%"ﬁ“r} Silica gel ¥ LA {7% i > *
n-Hexane/ethyl acetate § * #&7% ¥ %o 4 FHE > 2 F 96% °
'H NMR (300 MHz, CDCl;) & (ppm ) : 7.95(d, 2H, -C¢H,-) » 6.87(d, 2H,
_C¢H,-) » 3.98(t, 2H, -OCH,-) » 3.86(s, 3H, -OCH;) » 1.77(m, 2H,

-OCH,CH,-) » 1.24(m, 18H, -CHa-) » 0.86(t, 3H, -CH).

4-(dodecyloxy)benzoic acid, 1-1

O (@]
EtOH / H,O
o’ o+ KOH 22 OH
reflux
C12H250 C1oH250

#it &4 1-1° (5g> 15.6 mmol ) ¥ ** 500 mL [{] & HEFL R > 4e »
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180 mL e fg (EtOH) #4%7% f% > £ 4 » 20 mL KOH -ki3 % > 4o

Fuir L F g overnight s 3% TLC 5 » BEP E HiFg T F JBR 2 o

"H NMR (300 MHz, CDCl;) & (ppm) : 12.60(s, 1H, -OH) » 7.87(d, 2H,

C¢Hs-) » 7.00(d, 2H, -C¢Hs-) @ 4.01(t, 2H, -OCH,-) » 1.75(m, 2H,

“OCH,CH,-) » 1.22(m, 14H;=CH,-) » 0.84({;3H, -CH).

1-2°

0
0 o)
oOH + HOOCOOBH DMAP / DCC /@)J\/\Q
CH,Cl,, r.t. o
C12H250

C12H25O

B-it &% 1-1 (3 g 9.8 mmol ) ~ benzyl 4-hydroxybenoate (2.4 g >

10.3 mmol) 1 % it &  4-(N,N-dimethylamino)pyridine ( DMAP )

(0.12g > 0.98 mmol ) F % »* 250 mL EEFEFgPN » FFEPHE T H- )

dichloromethane &2 & 3

N,N’-dicyclohexylcarbodiimide (DCC) (3.0 g 14.7 mmol) 335
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FoMFEFRTFREHIONFEEY TLCH BPEHIETF R 2o
A # dicyclohexylurea (DCU) v ¢ ik » #Bm T 11 CH,Cl, #%i§ »
iR AR E B By i g e~ MgSO, ",f ko R ERECR ﬁ»?é%%@
silica gel ¢ +1/ 45 % i* » * n-hexane/dichloromethane % i*#&/% » %
Il J FM o A S 829 o

'H NMR (300 MHz, CDCl;) & (ppm ) : 8.17(d, 4H, -C¢H,-) » 7.51(d, 2H,

_Ce¢Ha-) » 7.43(m, SH, -CeHs) » 5.40(s, 2H, -OCH,CHs) » 3.84(m, 2H,

-OCH,-) » 1.79(m, 20H, -OCH,CH,-) > 1.04(t, 3H, -CH).

4-(4-(dodecycloxy)benzoyloxy)benzoic acid, 1-2

O O

(@) O (@] OH
d /\@ ) Hz 10% Pd-C - /@)J\
O THF o
C1oH250

C1oH50

i § 74 A tetrahydrofuran (THF) » #-i- &4 1-2 (3 g~» 5.8
mmol) 3% 500 mL EEFEFLR > e~ 109 @14 Pd-C (03 g) > i®
EWIIZT > AT F KT 70 CArir ik & overnight; i * TLC
BOBER A HE TR BR 2 FF BE > CHCL ki $iE iR
Joif bk E B0 By K 4o 2 MgSO, ok R HEACE IS E
n-hexane/tetrhydrofuran 3 f2 & £ 2 £ % & > i@/pP-v ¢ HE > 2 X

90% -
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"H NMR (300 MHz, CDCl;) & (ppm) : 13.05(s, 1H, -OH) » 8.07(d,H,
-CgH,-) > 7.39(d, 2H, -CgH,-) > 7.10(d, 2H, -CeHa-) » 4.07(t, 2H, -OCH,-) -

1.684(m, 20H, -CH.,-) » 0.85(t, 3H, -CH).

Methvyl 4-(12-hydroxydodecyloxy)benzoate, 1-3°

(@] (@]
o” + HOCH,Br —KCOs/KI o~
acetone, reflux
HO HOC12H24O

#-it & # methyl 4-hydroxybenzoate (3.4 g > 22.3 mmol ) ¥ ** 500

mL [F] & EFL N 0 4o~ i £ 07 Fplacetone R & #4320 £ 4~ Ky,CO;
(9.3 g 67.3 mmol )=Fc > & Kl 8 H +47 » AR 5 BB iF »
12-bromododecan-1-0l (7.4 g> 28.9mmol ) 4e#iiw ji>:&* TLC % >
BLEEHEE PIF BRS04 40T 39 B i*@i&ﬁﬁﬁ“}f?%%’] ’
£ f1* H,0 {v dichloromethane % B~ > B~5 # & 4r » MgSO, “f
koo kAT R G B FF A silica gel F oA K T oo ¥
dichloromethane/ethyl acetate 3 /%> F 3% ¢ HE> A2 F 919% -
'H NMR (300 MHz, CDCl;) & (ppm ) : 7.95(d, 2H, -C¢H,-) » 6.87(d, 2H,
_C¢Hs-) » 3.97(t, 2H, -OCH,-) » 3.85(s, 3H, -OCHs) » 3.61(m, 2H,

-CH,0H) > 1.79(t, 1H, -OH) » 1.26(m, 20H, -CH,-).
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4-(12-hydroxydodecyloxy)benzoic acid, 1-3
0 0

- EtOH / H,0
(@) + KOH > OH
reflux
HOC;,H,,0 HOC;,H,,0

Bt & 1-3° (5 g 149 mmol ) E * 500 mL [f] & EFL R > 4o

» 180 mL ¢ ﬁ% (EtOH) ## ——//F.\)li' » g 4e » 20mL KOH ki3 7% » e

3w ji B J overnight » 38 % TLC 5 » LR B T F R > o 44T

LPEE G U ¢ FRT A > EFIBR PH BE 3 FEL R EiR
PERE G BBt B ip g A 95% o

'H NMR (300 MHz, dioxane )& ( ppm )+ 7:92(d, 2H, -C¢H,-) > 6.92(d, 2H,
-CeHy-) » 4.00(t, 2H, -OCH,-) > 3.45(t, 2H, -CH,OH) > 2.06(t, 1H, -OH)

1.78(m, 2H, -CH,CH,0H) +1:29(m, 18H; <CH,-).

4-(12-acrylovyloxy-dodecyloxy)benzoic acid, 1-4

. )
@] DMA / 1,4-dioxane /@)J\OH
OH + - O
Pz
Cl)k/ 2,6-di-tert-butyl-4- >—< 0
)
12

HOC,H,,0 methylphenol ]
Bt & 4% 13 (2 g 62 mmol ) fr 5 37 Fr ] &

2,6-di-tert-butyl-4-methylphenol % % 250 mL §F§p¥g " # Z 5 3 ° -
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TS 0 BRI T MBF »~ acryloyloxy chloride (0.60 mL s 7.4
mmol )o 4cFik ;i 50°C;:@E* TLC ¥ 8P Y HIETF BE Do
SArE ER 0 IR TOF O~ kFRE  BAMATS o {1 HO e
dichloromethane % B~ > B~5 # k& 4r » MgSO, ",4TT koo kE fﬁﬁﬁ’g%ﬁg ;e
i %%.E; silica gel ¢ 4Lk #7441t » * dichloromethane % * &% » ¥
Il J FM o AF 559 °

'"H NMR ( 300 MHz, CDCl3) & (ppm ) : 8.03(d, 2H, -CsHy-) » 6.91(d, 2H,
_C¢Hy-) » 6.41(d, 1H, -CH=CH,) - 6.35(t, 1H, =CH-) » 6.07(d, 1H,

-CH=CH,) > 4.13(t, 2H, -OCH,-)_> 4.00(t, 2H, -OCH,-) > 1.79(m, 2H,

“OCH,CH,-) > 1.63(m, 2H, *OCH,CH<) » 1"26¢m, 16H, -CH,-).

3-(benzyloxy)phenol, 2-1
HO OH Br acetone, reflux HO O/\©

#-it & 4 resorcinol (2.5 g 22.8 mmol ) ¥ ** 250 mL EEFg ¥ p o

fv ~ i B4 A acetone R £ IEIAfE 0 £ 4e » KyCO; (2.4 g 17.5
mmol ) = > 3F KI > #3475 > K 1% 4o F B F »
1-(bromomethyl)benzene (3 g 17.5 mmol ) 4c &t ;i » i@ * TLC % >
BLEEHE PF BRS04 PR i*@i}éf{'ﬁﬁ%“/ﬁ%%ﬂ ’

£ f1* H,0 {v dichloromethane % P~ > B~5 # & 4r » MgSO, %
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ko REFECR S B %‘gd silica gel 41/ #7441 > * n-hexane 3§
R @IHG d HE o AF 509 -

'HNMR (300 MHz, CDCl;) & (ppm) : 7.35(d, 5H, -C4Hs) » 7.12(t, 1H,
-CeHy-) > 6.56(d, 1H, -C¢Hy-) > 6.48(s, 1H, -CsHy-) » 6.42(d, 1H, -CgHy-) >

5.02(s, 1H, -OH) » 4.95(s, 2H, -OCH,-).

1L
DMAP / DCC O o o
HO/©\O + 1-2 = /O)J\
CHzclz, r.t. (@)
CioHp50

it &4 1-2 (42294 mmol)~2-1 (18g>9.8mmol) 2% i
it & 4-(N,N-dimethylamino)pyridine . DMAP ) (0.11 g > 0.9 mmol )
Pl 250 mL BESEFLN c EAREZT G- P AF F ART o
FHERITT S =0 f 4~ if £33 dry dichloromethane 2 & 3§
A f2 5 5§ {4 4r ~ N,N’-dicyclohexylcarbodiimide (DCC ) (2.9 g 14.1
mmol ) =3 » W F R TERSH 16 ) pFET TLC ¥ > g%
EBFETF BR D> o A2 dicyclohexylurea (DCU) ¥ ¢ ik » iBim
i1l CHoCly #eiis o i $e Kk 5B B 8 & 4c » MgSO, ok k
SR ﬁx%é%%f\z’ silica gel § - & 49 ¥ it » *

n-hexane/dichloromethane & *#%.% » @3 %o ¢ B » & F 909 o
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'"H NMR ( 300 MHz, dioxane )& (ppm ) : 8.26(d, 2H, -C¢H,-) > 8.14(d, 2H,
“CeHy-) » 7.46~7.27(m, 8H, -CoHy-) » 7.04(d, 2H, -CeHa-) » 6.95~6.82(m,
3H, -C¢Hy-) » 5.07(s, 2H, -OCH,-) » 4.06(t, 2H, -OCH,-) » 1.80(m, 2H,

-OCH,-) » 1.28(m, 18H, -CH,-) » 0.88(s, 1H, -CH).

2-2

o R A

C1oH250

C1oH250

v 7% A tetthydrofuran _( THF) »#-1* & % 2-2° (3 g 4.9

|~

mmol ) ;33" 500 mL EEFpEg P o de > 1096 kit # (0.3 g) 0 R &
B35 i f k3T 70C v E g ‘overnight ; 3& * TLC 7 >
BLY EHFE TR B Do FF R 1 CHCL s #ER > A
etk B Beg A 4e r MgSOs ok 0 RERICE ML E Y
n-hexane/tetrhyofuran A f2 R Z 2 £ 2% » i@ /pPv ¢ HH > 2 F 90
% o

'"H NMR ( 300 MHz, dioxane )& (ppm ) : 8.25(d, 2H, -C¢H,-) > 8.14(d, 2H,
-C¢Hy-) > 7.40(d, 2H, -C¢Hy-) > 7.22(m, 1H, -C¢Hy-) > 7.03(d, 2H, -C¢Hy-) >
6.71~6.66(m, 3H, -C¢Hy-) ° 4.06(t, 2H, -OCH,-) > 1.80(m, 2H,

-OCH,CH,-) » 1.28(m, 18H, -CHa-) » 0.88(t, 3H, -CH).
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0
/O)J\OH DMAP / DCC
CH2C|2 r.t. /@)J\ )J\©\

&3k 2274 & 4p v > Quantities ¢ 4 £ % 2-1 (3.0 g 5.8

OCyoHzs

mmol ) > 4-(benzyloxy)benzoic acid (1.25 g » 5.5 mmol ) - DMAP (0.07
g 0.57mmol) > DCC (1.7g>82mmol ) #v ¢ HE > & F 57% o
'H NMR ( 300 MHz, dioxane )& (ppm ) : 8.28(d, 2H, -C¢H.-) > 8.13(d, 2H,
-CeHu-) » 8.06(d, 2H, -CeHy-) > Z4T(@A 1 H, -CeHy-) » 7.37(d, 2H, -CeHy-) »

7.23(s, 1H, -C¢Ha-)» 7.17(d, 21, -Cgtlz=)» 7.03(d, 2H, -CeHy-)» 6.86(d, 2H,

-C6H4-).

2-3

? Q8
10% Pd-C (@) (@) (@)
23 + H . /©)J\ J\©\
THF HO 0
OCy,Hys

&2 2.2 & 5 4p 02 > Quantities © i* &4 2-3 (3 g 4.1

mmol ) > 10 % i i* & Pd-C (03g) > Fv & F4 > & F 809

'"H NMR ( 300 MHz, dioxane )8 (ppm ) : 8.28(d, 2H, -C¢H,-) > 8.13(d, 2H,
-CeH,-) » 8.06(d, 2H, -CeHy-) » 7.47(t, 1H, -CeHy-) » 7.41(d, 2H, -CeHy-) »
7.23(s, TH, -C¢Hy-) » 7.19~7.14(m, 3H, -CeHy-) » 7.03(d, 2H, -CeH,-) »

6.86(d, 2H, -C4H,-) » 4.05(t, 2H, -OCH,-) » 1.80(m, 2H, -OCH,CH,-) -
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1.28(m, 18H, -CH,-) » 0.88(t, 3H, -CHs).

2-4 ACBenzb

DMAP / DCC/CH,Cly, rt.

2,6-di-tert-butyl-4- Q\
methylphenol /@)‘\ )@\
o,

it &4 1-4 (0.7 g 1.9 mmol)~2-4 (1.3 g 2.0 mmol) ~

2-4'  + 1-4

OCyoHzs

Fr4 A 2,6-di-tert-butyl-4-methylphenol 1 2 it % DMAP (0.11
g>09mmol) F % > 250 mL@FEFAN . GFEARE T - ] FF o F
FoAlmT o BEFRHIEREI SR L e 2B A dry
dichloromethane & & # #0924 f& > A& kK % K F 4 »
N,N’-dicyclohexylcarbodiimide ( DCC ) (0.6 g > 2.9 mmol ) #4353 -
PRk ERET R A 16 @& TLC ¥ > BT EHETF &
% 2> & 4 dicyclohexylurea(DCU) ¢ ¢ ik > #®m > ¥ CH,Cl, %
e ik bR TP Bog A8 A 4o~ MgSOy ok o kIR BT HE
d silica gel ¥ 44 5% it » * dichloromethane % i #&i% » ¥ 3]
vd HW o AF 609% -

'"H NMR ( 300 MHz, dioxane )& (ppm ) : 8.25(d, 2H, -C¢H,-) > 8.10(d, 2H,
_CeHa) » 7.48(t, 1H, -CeHy-) » 7.21(d, 4H, -CgHy-) » 7.25(s, 1H, -C¢Hy-) -

7.19(d, 1H, -C¢Ha-)» 7.16(d, 1H, -C4Hy-)» 7.00(d, 4H, -C4H,-) > 6.29(d, 1H,
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2-1

_CH=CH,) * 6.08(m, 1H, -CH=) » 5.77(d, 1H, -CH=CH,) » 4.04(m, 6H,
_OCH,-) » 1.75(m, 4H, -OCH,CH,-) » 1.57(m, 2H, -OCH,CH,-) > 1.26(m,

34H, -CH,-) » 0.84(t, 3H, -CH).

Elemental Analysis: Calcd: C=73.47 %, H="7.28 %, O =19.25 %
Found: C =73.38 %, H=7.34 %, 19.28 %

2-5.N
0] 0]
o X
O O @)
Cl N dry EtzN | N
| N CH2C|2, r.t. O

C1oH250

Pefb £47 2-1 (3g>5.78mmol) ¥ > 250 mL EFEFLPN > L3
EZN- LR AR F AMT O EFHERIFI S LA R
7% 7 dry dichloromethane 7#® & #FE5 12> e d F 4 5T o Pif 4o »
isonicotinoyl chloride (0.98 g.6.94 mmol).7¢ > £ = » 8.68 mL dry
tricthylamine » &% 8 T F R 5 B pF @8 *% TLC 5 - 85 if iy
TF = 2> fl* HO {- dichloromethane 3 P~ > B3 4% & 4 »
MgSO, % ko ?ié%ﬁﬁ#*'i@? ; ﬁx%é%‘gé silica gel ¢ Lk 473 1t » *
n-hexane/dichloromethane % # 3% » #3|% e ¢ B4 > 2 F 87% -
'H NMR (300 MHz, dioxane ) & (ppm ) : 8.89(d, 2H, py-H) » 8.22(d, 2H,
-CeHy-) » 8.08(d, 2H, -CeHy-) » 8.01(d, 2H, -CoHy-) » 7.59(t, 1H, -CHy-) -
7.51(d, 2H, -CeH,-) > 7.41(s, 1H, -CeH,-)» 7.32(d, 2H, -C4H,-) 7.10(d, 2H,

-CgHy-) » 4.08(t, 2H, -OCH.-) » 1.75(m, 2H, -OCH,CH,-) » 1.23(m, 18H,
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_CH,-) » 0.84(t, 3H, -CH;).

1-((4-bromophenoxy)methyl)benzene, 3-1°
K,CO3 / KI
HO Br + @—\ > BHOOBF
Br acetone, reflux

#-it & 4~ 4-bromophenol (3 g~ 17.3 mmol) ¥ ** 500 mL [f] & &

FLP o 4 o~ i B3 A acetone R A HAEZFFE 0 F 4 » KCO3(72¢0
520 mmol ) = > ¥ KI » # 4= 4+ 4T > &K & & & F »
1-(bromomethyl)benzene (3.9 g > 22.5 mmol) “4c#iie > 3% TLC
VOOBRVEBE TIF R AN L o AR R B 2R RSB
> £ f1* H,O {r dichloromethane % B~> B~ 5 # k& 4r » MgSO, ",f
ko ik HARCR B (s %%é Silica gel-g4x & $7 44 i* > * n-hexane/ethyl
acetate ¥ " 0 B0 JTEH A X 979 o

'"H NMR ( 300 MHz, CDCl; ) (ppm ) 7.39~7.34(m, 7H, -C¢Hs) » 6.83(d,

2H, -C¢Hy-) » 5.02(s, 2H, -OCH,-).

4-(benzyloxy)phenylboronic acid, 3-1

Oo.__0O
Y e o
BnOOBr + n-Buli + 0 _— BnO B
oo

¥t £ 4 3-1" (3 g 11.4mmol) %> 250 mL EEFEFIN > 2
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MTRHEZTI - [ MRS ARBEERY AF 7 AT

_:_:;’\”?J{%;’&‘j’;%*r 7-4[')\3‘&’5: dryTHF7#’§/{)\/7](/%\£I o

=y

FHEFE F
TEAEE -78Co* 5+ » 25Mn-BuLi(6.8mL>17.1 mmol) **
FRFLPM - %R RFHF 78 Co#F31 - | pF> L usregd »
triisopropyl borate (7.9 mL » 34.2 mmol ) » ¥ L -] FF{s 5 "’T‘ o nE
B AT F J& overnighte 3% TLC % » LY i BiE FIF B > 52k o
A~ 10 9% HCI -kizik 50 cco 348 2~3 | P& > ppss 6 ¢ R
#7dto41* H,O {v dichloromethane 3 B~>P~75 #& 4 » MgSO, ’T
koo kHgEC % o ML 1T ¥ sn-hexane/dichloromethane £ 5% » i P~
vd HW A T79% e

'"H NMR ( 300 MHz, CDCly) 3¢ ppm)i8:15(d, 2H, -C¢Ha-) » 7.65~7.33(m,

SH, -C6H5) ’ 707((1, 2H, -C6H4-) " 514(5 2H, -OCHz-).

(3-bromophenoxy)(tert-butyl)dimethylsilane, 3-2
| / Imidozal | /@\
+ |—Si > L
HO/©\Br N CHaCl, %Si © B

P~ 3-bromophenol(3 g - 17.3 mmol )~imidozal( 1.4 g>20.8 mmol )

e ¥ 3t 250 mL EgEFgp o 4r 2 i § 238 dry CHCL » % 5 %
FLT 5 g 4~ tert-butylchlorodimethylsilane (3.9 g » 26.0 mmol ) ; %

FETF R3S P @EY TLC % > BY EHE PIF k% 25
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s

o £ f1* H,O fr dichloromethane % B~ B~5 # & 4r » MgSO,
"f ko iié\%f’*ﬁi'i{fﬁ ; ﬁx?é%’gé silica gel & 4Lk 47 1 > * n-hexane
B @MY d HW o A F 80% -

'H NMR (300 MHz, CDCl;) & (ppm) : 7.07(t, 1H, -C¢Hy4-) > 6.99(d, 1H,

_C¢Ha-) * 6.78~6.73(m, 2H, -C4H,-) » 0.90(s, 9H, -CH;) » 0.12(s, 6H,

_SiCH;).

OH N | /@\ Pd(pphs), / K,CO3 l O
Bno C B\OH %Si—o Br EtOH/toluene Si_o O
| OBn

F2B~ 3-1(3 g 13.2mmol )~ 3-2(4.2 g »14.4 mmol ) 14 2 K,CO;
(24 ¢g>17.5mmol) ¥3% 500mL-gEspsgph > 4 » 280 mL ¢ fig &2 @
F ;3 % (EtOH:toluene=1:3 )" "% §"§ 4 4T > * 45 de-gas T > 5
kS e fe PE A AR PR YA (0.23 g0 0.2 mmol) 0 ki LT
FMERS o F oF KT R A~ BIVERYRE B 0 L 4
de-gas 5 & 48 o 48 2 90 CHe#iiw jn » F R 3~5 | FF - :8* TLC
OB ERE I B2 o A4 B BRGNS
> £ 41* H,O {- dichloromethane 3 B~>B~5 # & 4r » MgSO, ‘F
Kok A S B 1S %g\zf silica gel # 41/ 474 f* > * n-hexane/ethyl

acetate § "R 0 FIHe 4 HM o A F 5090 -
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"H NMR (300 MHz, CDCl;) & (ppm ) : 7.52(d, 2H, -CsH.-) » 7.49(t, 1H,
-CeHy-) » 7.47~7.27(m, SH, -CeHs) » 7.12(s, 1H, -CgH,-) » 7.02(d, 2H,

_CeHa-) » 6.76(d, 2H, -C4H,-) » 5.10(s, 2H, -OCH,-) » 0.98(s, 9H, -CH3) »
0.20(s, 6H, -SiCH;).

4-Benzyloxybiphenyl-3-ol, 3-4

o
si—o

B (
= NH3* THF
OBn OBn

#-iv &4 3-3 (3g>7.7mmol) ¥ ** 250 mL EFSEFLp 0 4o > if
£ 5 Al THF % f2< - & &% % 4 27T > ¥ B jF »
tert-n-butylammonium flouride (15.4mL > 154 mmol)> &% 8 F F &
Y35 ) pFeE* TLC A EBRREHE IF B 251 F R 2
£ g o & ok R £ 5 % ((HOACTHF=1:100) % 1 & i
FRF~F RPN 0 IR RES R RN o B2 IREH TR
> £ 41* H,O {- dichloromethane 3 P~>2~5 # & 4r » MgSO, ",f
ko i}ééﬁﬁﬁi‘{# ; W§ {518 * n-hexane/dichloromethane £ % & » iBpP~
vod FHMW e A F 949 -

'"H NMR (300 MHz, CDCl;) & (ppm ) : 7.50(d, 2H, -CsHa-) » 7.48(t, 1H,
_CeHy-) » 7.46~7.26(m, 5H, -CeHs) » 7.12(s, 1H, -CeH,-) » 7.02(d, 2H,

_C¢Ha-) » 6.75(d, 2H, -C4H,-) » 5.10(s, 2H, -OCH,-)
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HO

3-5

DMAP / DCC_
CH,Cl,, r.t.

O + 12
OBn

O o)
O OJ\©\ 0
BnO O)K©\
OCyoH2s

Beit &4 1-2 (3.0g> 7.0 mmol ) ~ 3-4 (2.0 g> 7.2 mmol ) 1 %

B 1L )

4-(N,N-dimethylamino)pyridine ( DMAP ) (0.09 g > 0.9 mmol )

PR 250mL N  FAPE TN L A F AT

LRI S LT

ﬁét)\lﬁ‘g‘,%

=
7

dry dichloromethane 2 & #

9% % 0 5§14 4 » N,N’-dicyclohexylcarbodiimide (DCC) (2.2g > 10.6

-

mmol ) #iLH=3 >

i BiFr TF R > o A4 'dicyclohexylurea (DCU )

FRTREREG 16 A4 pF 5 @H

TLC % » g%

v ¢ K Wi

art CHyCl i » g i fe REBS B 8 40 ~ MgSO, "2k » ik

silica

R I

n-hexane/dichloromethane & * & /% »

gel & B K 7 & i o

Eshe & FHE > A X 599 o

"H NMR (300 MHz, CDCl;) & (ppm ) : 8.28(d, 2H, -C¢Hy-) » 8.14(d, 2H,

_Ce¢Ha-) » 7.53(d, 2H, -C¢Hy-) » 7.46~7.32(m, SH, -CgHa-) » 7.23~7.12(m,

6H, -CsHg and -C¢Hy4-, overlapped) > 7.00(d, 4H, -C¢Hy-) » 5.10(s, 2H,

_OCH,-) » 4.04(s, 2H, -OCH,-) » 1.80(m, 2H, -OCH,CH,-) » 1.25(m, 18H,

-CH,-) » 0.86(t, 3H, -CHy).
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3’-[4-(4-dodecvyloxybenzovloxy)benzovloxy]-biphenyl-4-ol, 3-5

P
(@) (@]
, 10% Pd-C O
v "o *Q
OCy,Hs

THF

v 7% @ tetrhydrofuran (THF)» #-i* £4% 3-5 (3g-4.4

|~

mmol ) i3+ 500 mL EESEHLM - 4e » 109 Lt & Pd-C (0.3 g) R £
W53 > A3 § A RT70°C 4c#ie ik B overnight; 3% TLC
BOBER B TF BR 2 FF BR >0 CHCL s #:EiR
Joif de R B0 Beg 8K e~ MgSO, ok RERICHE e E
n-hexane/ tetrhydrofuran A% & Z 2 L %58 > iEpPv ¢ HH > &2 5
949 -

'"H NMR ( 300 MHz, CDCly) &'( ppm.)i8128(d, 2H, -CeHy-) - 8.14(d, 2H,
-CeHy-) » 7.44(m, 3H, -CgH,-) » 7.35(m, 2H, -CoH,-) » 7.13(d, 1H, -CgHy-) »
6.97(d, 2H, -CHa-) » 6.85(d, 2H, -CgHy-) » 4.04(t, 2H, -OCH,-) » 1.80(m,

2H, -OCH,CH,-) » 1.44(m, 18H, -CH,-) - 0.88(t, 1H, -CHj;).

3’-[4-(4-dodecyloxybenzovloxy)benzovyloxy]-4-(12-acryloyloxydodecylo
xy)benzovyl-oxybiphenyl, 3-6
Wi
0

DMAP / DCC/CH,CIy, r.t.

35 + 14 2 O 0
2,6-di-tert-butyl-4-
methylphenol @) o O

@) OCy,H
7 %5 e 12H25
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Beit &4 1-4 (03¢g>0.8mmol)-~3-5(05g>0.8mmol)- "> 3*
Fr#41 % 2,6-di-tert-butyl-4-methylphenol 12 % i & DMAP (0.01 g »
0.08 mmol) F % >t 250 mL EEFEFLPN » FFABE T H- | FF o A F
FoART AN ERITT S 2 £ b r g BB A dry
dichloromethane & & # # 2 f& > & 7k % K T 4 »

N,N’-dicyclohexylcarbodiimide (DCC ) (0.3 g> 1.5 mmol ) 4353 -

ﬁ%",’fi’k?(é%?i‘}ﬁ"“ FRY 16 - pF; :@8* TLC % » 85 i Bigr T K
B% 2> &2 dicyclohexylurea (DCU) v & /it » iBig T ¥ CH,CL,

Pl o i de Rk S Po PG AS R e~ MESO, ok o R HRACE 5 B8
%’ﬁé silica gel ¥t/ 47 %1% » * dichloromethane ¥ i*#&/% > ¥ 3|
Mo d HE o AT 6090

'H NMR (300 MHz, CDCl;) & (ppm )< 8.30(d, 2H, -CgH,-) > 8.14(d, 2H,
_CeHa-) » 7.63(d, 2H, -CsHy-) » 7.49(d, 1H, -CsHy-) » 7.43(s, 1H, -CoHy-) -
7.36(d, 1H, -CeH,-)» 7.29(d, 4H, -C4Hy-)» 7.25(d, 2H, -CeH,-)» 7.20(m, 1H,
-CeHy-) » 6.97(d, 4H, -C¢H,-) » 6.38(d, 1H, -CH=CH,) * 6.10(m, 1H,
-CH=) » 5.79(d, 1H, -CH=CH,) » 4.13(t, 2H, -OCH,-) » 4.03(m, 4H,

-OCH,-) » 1.83(m, 4H, -OCH,CH,-) > 1.25(m, 36H, -CH>-) > 0.86(t, 3H,
-CHs)

Elemental Analysis: Caled: C=75.60 %, H="7.61 %, O =16.78 %
Found: C =75.69%, H=7.52 %, O =16.79 %
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Scheme IV. Synthesis Route of Homo- and Copolymers

0]

/©)J\OH
_ \ P~ (H20)120
Sl 2 S
0
oy a0l
0O—(H,C)120

B= \ \<_
O Yennash
O
/'\9 /©)}\OH
HT_C‘O_(CHz)lz—o
CH, O Q\ (0]
AIBN
A+ B » 0 /Q)LO OJK@ o
THF
1.3 Vet QL

I
HC=C-0—=(CHa)1.—o
CH,
Y

O(CHy)11CH3

C= O (H2C)120 O(CHy)11CH3

O(CH3)11CH3

Polymer & = :

H %8 2 AIBN (2,2’-azobis(isobutyronitrile) ) % 4243 7 p & A &
LF 5o ittt — B EES R 925 mL & & Fg (schlenk tube) p - %
FrHE A~B 242454 AIBN > ¥ 02 dry THF 3 f22 > R &+
BELZ ARTRIZCICIERA AT F ART O RARER

T 275 5 o Byt K BFg4cH 60 Cieink 24 [ o FF B2

Do RSP E FR O RE ERIR G PUF F R~ R W Bl
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BREFR K U F BRTe ¢ AT L i $ THF 3 f2f
VIAR R R RAR UK S X 0 BSR40 CE 2 EET WL
24 [ pF o R A grE H A 1 (feed ratios) 0 4o~ AR D
AIBN 4 THF » ¥ £ X/Y 2 ¥ B b2 £ B3 A F 5 Sprst 4

2-4.1 #57 o

Table 2-4.1 Composition in Feed and Polymerization Conditions of Homo- and

Copolymers
feed molar ratios weight of monomers (mg) weight of m
polymer  A:BorC) A B c AIBN® (mg)  THF (mL)
HAOB1 0:1 800 0 - 10.5 4.00
HA1BO 1:0 0 800 - 3.95 4.00
CA10B1 10:1 155 200 - 10.9 4.78
CA4B1 5:1 570 300 - 9.30 4.35
CA1B3.5 1:1 200 530 - 5.23 3.65
CA10C1 10:1 590 - 150 8.93 3.70

“AIBN £ % 5 :
o R ¥R T R-AIBN B fRL e ik EVA R R AP

Bih s HRLY TR RO Bk A

i

FJHE ’ :\t‘g—l‘é—‘ HHB '}i\‘}i
BLiA Adee BUB RS 0 £ &k MgSO, 5% ~ g 0 F R T

R AEs 2 AT L E 2o B Rd 4 AIBN B =
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Fig. 3-1.1 Chemical Structures of three-analegous of bent-core molecules under
investigation.
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% 51 4 (dipole-dipole interaction ) » 1 = & 3 FFex 3l 4 F =< » 5 A
PR A g AAp o 1% B BB % 0 1 £ 4 BIphPEO
Isotropic liquid & M /4 FrBL 2 3 <Kk 2 4 9% (dendritic nuclei ) =
B LMWL EAFENE F LRI 4o 321 4T o he- TR
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R 5 a2 A SmC oAp o B AR H A Bk @ A A P
WFERE R o d WIARER R A e 5 NIRRT AR
gy prd] By fr Begpanialolged 20 B F R BN B 2R
do 1B AR 02 o TR Gk BE e 4L I¥ L% F| Schlieren texture v
Spherulites domains -+ - & A1k 7] C 4p (SmC) © 4@ 3-2.2 #7

7T °

Table 3-2.1. Transition Temperatures and Corresponding Enthalpy Values (in
brackets) of Investigated Compounds.

Compound Phase transition ( °C, [Jg'] )b

BiphBz Cry 82[28.20] Cr, 106[19.30] SmCP4159[23.10] Iso

BiphPEO  Cr; 96[9.64] Cr, 103[24.50] Col, 120[14.55] Iso
BiphN Cr 108[29.56] SmCP, 163[19.23] Iso
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“Data determined by DSC from second heating at a scanning rate of 1 ‘Cmin™". b

Abbreviations: Crj, Cr, = different crystalline modifications; Col; = rectangular
columnar mesophase (B phase); SmCP4 = tilted smectic phase with polar

antiferroelectric order of the molecules (B, phase); Iso = isotropic liquid state.

(b)

Fig. 3-2.1 Optical photomicrographs ( crossed polarizers ) of the B; phase of
BiphPEO as obtained by cooling from the isotropic liquid: (a) growth of
dendritic nuclei at 134 °C, (b) mosaic-like texture at 140 C.

Fig. 3-2.2 Optical photomicrographs ( crossed polarizers ) of the B, phase of
BiphN as obtained by cooling from the isotropic liquid: (a) Schlieren texture
and fan-shaped texture at 140 °C, (b) spherulites domains at 148 “C
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Figure 3-2.3 X-ray diffraction intensity against angle profiles obtained upon

cooling from the isotropic phase: (a) in the B, phase of compound BiphPEO at
110 C; (b) in the B, phase of compound BiphN at 140 ‘C

Table 3-2.2 Comparsion of Melecular Lenthgths (L), Lattice Parameters of the
Col, Phase (a,c), and Layer Spacing Value in the SmCP, Phase (d)

COlr SmCPA
Compound L /nm psa’lnm..c/nm d/nm
BiphPEO 4.94 4,36 4.84
BiphN 5.71 4.05
3-2-3 kT Ay

3-2-3-1 7% & 2. i—?i g

"F‘f ii&—,fé E.HB 'fui;f'i"’l\ ITO ,,f% aaaiﬁ (cell) v

ETTRS

0.25 cm’

ETTRS

isotropic J§ & » £ #-i - £ %

)/

Yot

pi
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Figure 3-2.4. Schematic illustration of injection processes of liquid crystals
materials by means of the vacuum oven
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Fig. 3-2.5 The experimental installation for measurement of switching current
response.
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Fig. 3-2.6 Switching current response in the SmCP 4, phase of compound BiphN
obtained by applying a triangularveltage-(~Vpp/= 102 V, f = 50 Hz, T = 140
oC ).
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Fig. 3-2.7 Ps value dependence on temperature variation for a fixed triangular

wave field of Vpp =100V, f =50 Hz.
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(b)

Fig. 3-2.8 Optical microg}éphs ) (é-rosé-ec{;-pola-gizers) taken from a racemic
region of compound BiphN in the B, phase by applying electric dc voltage (+
50V)
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Figure 3-3.1. General structures of the three H-bonded complexes 12BAN,
H12BAN, and AC12BAN containng H donors and acceptors.
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(b) (c)

Fig. 3-3.2 Optical photomicrograph (crossed polarizers) obtained by cooling
from the isotropic liquid: (a) spherulites domains of compound 12BAN, (b)
highly ordered crystalline phase of compound H12BAN, (c) highly ordered
crystalline phase of compound AC12BAN.

Table 3-3.1 Transition Temperatures and Corresponding Enthalpy Values (in

brackets) of H-bonded Molecules ...
:

Compound "fhése_: t_ra_msitiol-l ( °C,[J g17)ab
12BAN = CrI07[752]SmOP 111[9.7] Is0  H
= Is 99[_2"7':'1] SmCP92[233]Cr  C
HI2BAN  “€r 96[17.2] Cig 109[19.8] 10 H
Iso 78[37.6] érl C
AC12BAN Cr, 81[15.5] Cr, 108[28.8] Iso  H
Iso 74[37.1] Cr, C

*Data determined by DSC from second heating / first cooling at a scanning rate of 10
‘Cmin’".® Abbreviations: Cry, Cr; = different crystalline modifications; SmCP = tilted

smectic phase with polar order of the molecules (B, phase); Iso = isotropic liquid

state.
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Fig. 3-3.3 Transition temperatures of the three H-bonded bent-core molecules;
blue parts of the columns represent one crystalline phase and purse parts
represent other crystalline phase.
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Fig. 3-3.4 X-ray diffraction patterns for H-bonded molecules of (a) AC12BAN
at 95 °C, (b) 12BAN at 104 C.
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Fig 3-3.5 A profile showing the time dependence of the polarization current
obtained for the SmCP, phase offcompound 12BAN at 104 ‘C under a
triangular electric field ( Vpp =180 V, £= 100 Hz).
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Fig 3-3.6 Ps value for complex 12BAN dependence on: (a) frequency variation
at Vpp =111V, T= 103 C; (b) voltage variation at f= 60 Hz, T =106 C
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Fig 3-3.7 Optical micrographs (crossed polarizers) taken from a chiral region of
compound 12BAN in the B, phase by applying electric dc voltage (£90V )
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Fig. 3-4.1 Designed chemical structures of acrylate monomers.
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(b)

Fig. 3 4 2 Optical photomicrographs (crossed polarizers) of monomer
MACBIph6: (a) as obtained by fast cooling from isotropic liquid, (b) the
magnification of (a), (¢) exhibited unspecific texture by applying a shear force.

_____ qla_,nzers) (a) schlieren texture

of monomer ACBIiph5 at 83- (bi gr-éun- Jte‘xtme of monomer ACBIph5 by
applying a shear force, (c) crystalhgephﬂsre ofmonomer ACBenz5 at 70 C

—— MACBIiph6/Heating
J\ —— ACBiph5/Heating
ACBenz5/Heating
—— MACBIph6/Cooling
—— ACBIiph5/Cooling
—— ACBenz5/Cooling
g N
[T
]
¢ V]
AV N g
T T T T T T T T T
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Temperature (°C)

Fig. 3-4.4 Differential scanning calorimetery thermograms of MACBIph6,
ACBIph5 and ACBenz5 at heating and cooling rate of 10 ‘Cmm™.
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Table 3-4.1 Transition Temperatures and Corresponding Enthalpy Values (in
brackets) of Acrylate Monomers

Compound Phase transition ( °C, [Jg'])*P
MACBIph6 Cr; 57[4.7] Cr, 96[4.5] SmC 138[25.3]Iso H

Iso 137[22.5] SmC 56[9.1] K

ACBiph5 Cr 77[35.3] SmCP 89[79.6] Iso

Iso 76[30.3] Cr

ACBenz5 Cr 87[62.6] Iso
15082[30.9] Cr, 68[35.4] Cr,

Q - O T O

*Data determined by DSC from second heating / first cooling at a scanning rate of 10
‘Cmin’".® Abbreviations: Cry, Cr; = different crystalline modifications; SmC = tilted

smectic phase; [so = isotropic liquid state.
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Fig. 3-4.5 Wide-angle X-ray diffraction pro%ﬂe of MACBIph6 at 140 ‘C and
ACBenz5 at 80 C.
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Fig. 3-5.1 General structures of side-chain H-bonded copolymers and their
monomers.
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1% p o AR & (Free Radical Polymerization, FRP) s & = % ¢
W ERBAF oD HME BN B mBRR AL R~ ¢ B
P B AF RTINS IE L HEM A F R T0CHE5 24 )
P 2 A 4 5 o R o 'HNMR #% > 4+ =% 5 5S~6ppm B & 8= >
WA T4 T~8ppm FrRME T Bl B - AE R ATIE L ) HoAp
% % A 5 NMR £33 B L3 Blod * # &€ A 47 &R(TGA )2 10°Cmin”
R EAT SWRAIEER N 320~390 CEAEFR £ 3-51 5

Eetd A AR o d %@ K DSC RRl@rEFRER &

Nlud

BB G Uk RS BLRI T isotropic liquid FF 2. e dk o

Table 3-5.1 Imput and Output Constitutional Ratio and Thermal Properties of
All Polymers

Imput molar rations * Output molar rations

D A:(Bor C) A:(Bor C) Ticey® Td(oc)b
HAOB1 0:1 0:1 150 391
HA1BO 1:0 1:0 180 366
CA10B1 10:1 9.7:1 175 326
CA4B1 5:1 41:1 140 308
CA1B35 1:1 1:3.5 118 315
CAl10C1 10:1 10.9:1 186 319

*Isotropic temperature were determined by Polarized Optical Microscope.
b Decomposition temperature at which 5% weight loss of the samples were reached
under N, determined by thermogravimetric analyses ( 10 ‘C/min) .
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Fig. 3-5.2 IR spectrum of the all complexes in which the molar ratio of
hydroxyl to pyridine ring is 1:1 for: (a) low molecular weight of 12BAN, (b)
homopolymer/copolymer of HA1BON, CA10B1N, CA1B3.5N.
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Fig. 3-5.4 Optical microscopic textures for the smetic phase of polymers: (a)
CAI10BIN (140 C), (b) CA4BIN (140 C), (c) CA1B3.5N (145 C), (d)
CAI10CIN (124 C), (e) HAOBL (124 C).
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Fig. 3-5.5 DSC thermogram for copolymer CA10BIN. The heating and cooling

rate was 10 ‘Cmin™".
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CAL0BIN & » + i S 4p 8 2 5 & & B4 7] (Smetic phase) - #
352 FMNF BAF AL L2 BT B 3-5.6 M A AR R IE
Bl o d 3% Isotropic & & ;= d DSC 2|7 ! ik kM BR

RACBRERPRLEEZ ARG R R RTIFR §
FHBEFY AL FAEFRG AR RLPFREE - H
HAIBON 4= HAOBL & = - A uip ¥ b 7 R 4 A2 H 8
ACI12BAN fr ACBenz5 - %= % A F 2 15 B4 AR & Ap ek

4 2%"\/] ' B ?%5';‘]% Sk % & AR ‘f#-

Table 3-5.2 Transition Temperatures and Cotresponding Enthalpy Values (in
brackets) of Homopolymers/Copolymers

Compound Phase transition ( °C, [Jg'])»b¢
HA1BON Cr 123[7241SmC 177 Iso H
Is0 160 SmC 98[24.0] Cr, 84[40.1]Cr;  C
HAOB1 Cr 136[23.5] SmC 150 Iso H
Iso 148 SmC 130[19.4] Cr C
CA10BIN Cr 119[55.1] SmC 160 Iso H
Iso 133 SmC 99[35.5] Cr, 68[16.2] Cr;  C
CA4BIN Cr 104[22.8] SmC 119[4.4] Tso H
Iso 99[25.7] Cr C
CA1B3.5N Cr 87[12.5] SmC 115 Iso H
Iso 90[8.7] Cr C
CAI10C1IN Cr 119[32.9] SmC 150 Iso H
Iso 139 SmC 97[21.0] Cr C
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*Data determined by DSC from second heating / first cooling at a scanning rate of 10
‘Cmin’". ® Abbreviations: Crj, Cr, = different crystalline modifications; SmC = tilted
smectic phase; Iso = isotropic liquid state. © Isotropic temperature were determined by

Polarized Optical Microscope.

Rl4aF & + 4 R 1 K % W

CA10CIN [ | Bl

B BCr
HAOB1 [ ] o

CA1B3. 5N |

CA4BIN | |

CA10BIN |

HA1BON [
AC12BAN [ N

55 75 95 115 135 155 175 195
R

Fig. 3-5.6 Transition temperatures of-the-all complexes and H-bonded low
molecular weight compound’ ACI2BAN; blue parts of the columns represent
one crystalline phase and purse parts represent other crystalline phase.
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Fig. 3-5.7 X-ray diffractogram obtained for: (a) compounds HA1BO in the
mesophase at 133 °C (black line ) and (b) complex HA1BON in the mesophase
at 100 C.
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Fig. 3-5.8 Compare of X-ray diffraction pattern for homopolymers and
copolymers.
Table 3-5.3 X-ray Data for Some Studied Materials
ID Phase Miller index d-spacing/nm . ID Phase Miller index d-spacing/nm
HAOB1 SmX 001 3.62
HA1BO SmC 001 373 HA1BON SmC 001 5.84
002 1.86 002 2.94
003 1.94
CA10B1 SmC 001 3.51 CA10BIN SmC 001 5.66
002 1.77 003 1.87
CAl1B3.5 SmX 001 341 CA1B3.5N Col 101 4.78
002 3.11
3-5-6 T3

Bty Rl4AT] & 48 £ 4 0 4 BB~ polyimide & few koo 2 T

(FRew 2 425 um R HZ ¢ o I AR K RAE Y B B F
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Fig. 3-5.9 Switching current response on applying a triangular wave voltage at
a frequency of 150 Hz (T=113 °C ) for complex CA10B1N.
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Fig. 3-5.10 Ps value dependence on: (a) voltage variation at f= 60 Hz, T = 113
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Fig 3-5.11 Switching current curves observed for copolymer CAL1OB1N under a
modified triangular wave field with a pause at 0 V: (a) at 113 C, (b) respectively in
, liquid crystal state (114 °C ) .
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Fig. 3-5.12 (a) A profile showing the time dependence of the polarization
current obtained for the SmCPr phase of complex CA10C1N under a triangular
wave field (Vpp=411V, =150 Hz) . (b) Ps value was varied with frequency
at a fixed voltage, Vpp =411 V.
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