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Sythesis and Study of Blue Phase Liquid Crystalline Mixtures Consisting
of H-Bonded Bent-Core Diads

Student : Yu-Chiang Chou Advisor: Dr. Hong-Cheu Lin

Dr. Sheng-Hsiung Yang

Institute of Imaging and Biomedical Photonics

National Chiao Tung University

Abstract

We synthesized a series of pyridine-based molecules and carboxylic
acid molecules. The chemical structures of these compounds were
characterized by H1-NMR and EA. They consisted of hydrogen bonding
supramolecular diad mixtures. The liquid crystalline phases and
mesomorphic behavior of all compounds were identified from the results
of POM and Electro-optical measurement.

Pyridyl molecules connected to a simple carboxylic acid molecule by a
hydrogen bond have a nematic phase. The F functional group in
carboxylic acid-based molecules affects their supramolecular liquid
crystal temperature range. As the carboxylic acid molecules have chiral
structure, the nematic phase switches to the chiral nematic phase.

Next, we mixed pyridine-based molecules with carboxylic acid
molecules with chiral structures and F functional groups in different
molar percentage blends. In the case of excess carboxylic acid molecules,

the carboxylic acid molecules will form a rod-like structure with another



via a hydrogen bond. This series of CollIPy-A2F * and C;11IPy-A2F *
have blue phase (BPI /I1). The series of CollIPy-A2F * have blue phase

when carboxylic acid molecules are 60 mol% to 80 mol%. The blue

phase temperature range is about 8°C. The series of C;I1IPy-A2F * also

have blue phase when carboxylic acid molecules are 60 mol% to 70

mol%. The blue phase temperature range is about 7°C.

Keyword: hydrogen bond -~ blue phase liquid crystal ~ supramolecular -

bent-core liquid crystal
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a5k 3 N E A #.w A)7% & (Thermotropic Liquid Crystal )
7w A% &% (Lyotropic Liquid Crystal )
w 73] (Nematic) /& &
oL FHFALRE T A 713 (Smectic) i &
" # 7% | (Cholesteric) % &
&4 (Blue) & &

Table 1-2-2.1 & §s e & 5

A58 3 N oA A% & ( Thermotropic liquid crystal ) % % # 3] 7%
& ( Lyotropic liquid crystal ) -
(1) #+ A)7% & (Thermotropic liquid crystals) :

Bed R KA FLRER A ESA L FERDD D R A
FHFBHFAZAEL RN A ERA PRSP e B EAH IR
S 2 R o R B FAP IR AR & SR AR DI FIAR 0 VA § NI B
BIRAIF oY B RPAD BIM LD KPR U
TR RSP FAS B AR

(2) % A% & (Lyotropic liquid crystals) :
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7. d Isotropic phase :& » Cholesteric phase F# - %ﬁ d ERERT
VU IREEARIR fe 73 o SR IR TR F R I RIEF AR i o F o B
R T iRBRHPEAES WA 3 = AEA] 4 WA BPIINBP I
BPI o k& X1 E % L a8 0 BP I & 0230 fog phase ” 2 fog
blue” - i&&_F]5 BPII + #&4%:iT Isotropic phase 7 amorphous -

BPI~BPIl Pt fidgiTst e o] 45 m‘—;—fi& » DR X B At
F 7% o BPI &> body centered cubic ” =gtz m BP I
Pl B> simple cubic ” et 7] o PR BP | 3 E R AL 0 T D
HH € d R A i double twist # % = single twist -~ i‘%z‘?j“ FRE
er7 Chiral Nematic & %_ Cholesteric -

1-2-3 i fo (PIL R

,\m

Bypik s F B FEE R HAREATE G DB %o U da
4)3 VaaY g,;;&@_.]v_}_?‘r :

(1) 4 % £ » |+ ( Dielectric anisotropy )
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( Induceddipole )e i dhir+ AR Ew e s Ti7eds >
v R R B2 A AT R E D Assgy—elcAe it f BEATA
FEAZ D Ae>0 R 0 A F A dhE HREBIEET T

T AT AR Ae<0 o BIEF ML E el T AR o

(2) LRIl

a

R

o TH A BSL L 2L S8 F § BEBHRAR R b i ) 4T cpE

THPEN L EEBEHERE

Féﬁih;fﬁa BE PR (Responsetime) - st FRF 2. £ 2822 & 4 3

l“'pl?"%-g{ R eHaiJ%‘)iTa o
(3) AkiF 4

- AR A B S S 2 B R L

oAbl ) HF Rl AFRIAS A S E R ERE AT

-~

Boild o G BHEA A T BARS ARG -
(4) 43 :

PRARTRE BEFRE B B o Ahe T BRARS
FOGRERE 5 Sofe o SEE § ded 4 F 72 BRTATRARTH

PSRN Y B Wi T o
(5) 475+ (Birefringence )

B kAR kT - B TR €58 2 RdTask
B¢ - 4k ¥ Ak k4764 E( Snell’s Law ) 4L Ordinary
light §§ = O-ray > ¥ - & LRI 5 extraordinary light i§ £
E-ray > 05 % WA G BT 0 An o7 o § KB AR LA

VR KRS o 2k kdhdE ¥ 0 & O-ray HiTsE G
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No 5 B o kT (T HAL eray  HITHF 5 one o FlLt ik fy 2

Z
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%;}frﬁ;]';‘;}“?,l"/‘ An=n; - nNi=Ng - Ny X#%&5r2° An > 0 #
KERE D An <0 fEEFL

1-2-4 % fo dp eng > &
B A E e AR S AR R UKD B R B AR )
BEIBEF A KIANRE KSR LTS TRALF IR EF T

=3

Ao dp 0 2 RBFL N R G LT b P RIRE T - &

(1) #c# + 4 %~ 47 ( Differential scanning calorimeter DSC ) :

Ak

P

B QR X ERIEIR g AL AP o FINRE A
LT @Bl R L PR R AR A T AR RS 5
P Rt RT o b BertAp e R ORI B~ 1R e

FEP P FAERRDOM G g REAZROPF RET LR

(POM )engz_4 ac 1840 -
(2) & &g sk (Polarizing optical microscope ; POM ) :

Btk A BT S IR A RS

A R Rk ek AT 0 8 R kY (- A5
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L

L
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pu

TR KR VHED FIRFEAEE I .

(3) = #triplz (Mutual miscibility tests ) :

¥R 2R B AR SPBATRE T M A SR R 2R R 4 0 B AR P
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S S PR S P Ao BT IR MRIE 1 POM LR i T
WFERAPATRERE LT PP AT P I CLT k-
0o Bt IR EAE A PR A R S e? B AR E 2§ ovnen 2 B AR

Rl & B A F > 4ot w73~ SMA & SmC $ 5 5 7c e
(4) PXRD ( Powder X-ray diffractormeter ) :

TR A A S+ 3D et H TRk Xeray S8R
A1l B XHFR A RHH S 4o SMA 48 5975 K FIR G
AP B RRIE o FIE P AT RHT I LG ORI R S
X-ray Set® R ] & B HBHIE SR SERE > 5 % B R ST
B G A s o “ﬁ% Pz ¢k ¥ SmC H. SmA a4l % B 4p o
Flot v 1 R Xeray SRt iREIE H R & & 5 & (d-spacing )£ R
RFpmEl > a iz E2F 5 SMC 4P FE 5 SMC 4P fe & & A

F A E R ﬁ&? HerrE Mz SmC ppH A & R - 4o Fig.

Fig.1-2-4.2 &3 &k P HALZ & RF L F
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1-3 4T ARL
1-3-1 &2 B

R A g - HHd S H S (iR ) 7 R
TERFFAAFEH AL R BIRER S B AR T H DT
AT Fkaw F P R (Spontaneous polarization) I % > B A B R
L™ R St A T HTE B E AT o

BIEHPEZFR IR B MEREY £ 0T
Koo kG % AR ¥ #k RFY M (hysteresis loop) © 48T HE T AE
hhe R H KRS e B3 HP-E W & Fig.1-3-1.1 #77
PRAY R F AP BB AT HE REP-Ed - A
ERGAPR I HWOBTIHEE A FUERFF AZE- TORR
SR BEt A 0 A KT AP AP % 28 7 49 ( paraelectric) ot 4p R

BAEL B LER(TY

% 0| k& E

e TT = Ps

Figl-3-11 6T HH T Fd &
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1-3-2 BT AR H
BT A & S8 A L6 1975 £ d 3308 T Meyer £ it £
Liebert - Strzelecki ~ Keller™ 5 « #538 41— B E f 2 4R v @ 2B 4L
s o edb %‘r DOBAMBC » 14t & 5 SmA* ~ SmC* ~ SmG*4p 12
ZABT M PR h F A3 A5 A sk smectic C #p(Sc¥)pF > H
Hg eh g L A TR G A i 48 i S

et sz ToR- gy - B e A2 pFR SRR A LGB

o=

THe g THEREA T EETHARIEN S 5 A 9 ERT

C\‘\ﬁ‘

» F]P AR T AR e & 3 T 2 R (switching effect) -

R AR Sy F AR 5 3k (chiral) cdFf > & - K i f
fF B e 2w =4 (polarangle) wApk o T FAE S
S e =4 (azimuthal) 3 - i 5% 1 B o TR B A F e aRiT k
A BT ERA G e F L - R RA A SRS g
FlfEE (Ps) a s > g p#F Bt RAY L AT IR 8P

~ B EEAE S - U EE( pitch) -
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Fig.1-3-21 SR AR H&E 77 L W

1-3-3 FABT A& &
1980 & Clark # Lagerwall ' 2 2 ¢42 i (bistable state ) e
o F& T A48 T % £ (surface-stabilized ferroelectric liquid crystal, SSFLC )
Biom L fiF S AR AT g ;I,#J %rie {7 > = 3] 1988 & Chandani % +
#F20e 2% THFEFRY R0 o 8D SMCAMR 0 F

Y- S G S
”’f—'ii_? I F BT R ST 0

F T

¥

o EPE T BB T AR o i R AT AR R

Wik doco > FAKLE Lo FBTRLMLIRIF

(alternating - tilt) st 7 [ 4cFig.1-3-3.1#71 » F]pt iEH M & &t
(selective reflection) k3 V % 3 LA & FEchF &> 5 B3NET

R D2URE SRR S o ¥ RTHBAFETH (cellgap) &) PF
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L (surface stabilized ) o — BT iR S et o X TRET 2 R
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NS
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Y

B3 ApFE > FI R Yo g AR E o R T e 2
FarF@BIiBRHds Z AT R ET g d T3 dem i
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antiferroelectric to ferroelectric) i 3% -

-

|
L ATTALA7T \
po— & |
\ ! |

/
N

‘ <
!

AWVAVAN
7

]
\E’/I/J

‘4— yond-jjey

Fig.1-3-3.1 FHRURLEFT LT
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Figl-3-32 FT R L2 THd M ps= i m"

1-4 4 B3R &

1-4-1 4 BRSP4

PR EARG ) - AL G 9 ARG B FIE A3
AR A EApiua b L2 X T AL L 49 AR 8 (Banana-shaped or

Bent-core LC)» H % fufp2 & LRIB~5 %2 B>~ % 2 B1-B2...... B8 >

¢ 7 7 4o ke (Column arrangement) ~ & s & @ (Smectic
arrangement ) £ = & 55 4 47 *x 34 4y (3D dimension arrangement) % 4 =
A o e Figl-4-11 %757 > AR B Ru2 R RE2 X X
deat 3 AP B L g e Fig. 14-1.2 407 0 By dp 3 F ok

a 4p( Column stacking ) Bs4p & &2 & B 5 3= & 2 H =< fL TGB(Twisted

grain boundary) - H &% fu 4p & & & & (Lamellar ) &4
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Splay modulation
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view
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Fig. 1-4-1.1 ks dp ~ R fksadpdr = R ulsafpas st

M‘ég'&'_'::gg A LAMELLAR MESOPHASES
e e P
(i gl
)) )) B,(SmCP)  SmC, Bg SmAP
YEY (-,)(’x -%ﬂ%i
;ﬁ%” N AR ‘v?)ir' AR
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B4 (TGB type)
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Fig. 1-4-12 ¢ IR f A+ A+ B4

R B EARS CFAAR S AR F S B A5 d
Channabasaveshwar V. Yelamaggad # 5 B F5 o 7B % 5 4 EA| 4%

$o 0 hr Fig.1-4-13 77 > H 4 A H g ¥ 5 5 22°CH (¥



— A )

QW%

phase sequence

1a 1170.2 (0.7) BP 148° N* 124.1 (9.5) M@ Tg

1b I183.8 (0.6) BP 164¢ N* 1542(11)1~v1x1ﬂ'Tg

2a 1135.5(9.1) Col; 75.1 (5.8) Cr

2b 1147.7 (8.8) Col, 81 (6.4) Cr

3a 1164 (0.6) BP 148° N* 118.4 (5.6) Col;y? 112.6 (1.1) Colp?
108.9 (2.3) Mt 93 (28) Cr

3b 11?4‘3(0 8) BP 1526 N* 141.3 (10.5) My3? 52¢ T,

4a 11513 (1) BP 137€ N* 114.7 (6.7) Col,d 77.7 (9) Cr

4b 1161.1 (0.6) BP 144° N*9 138.9 (9) Col,7 94.8 (17.8) Ct

Fig. 1-4-13 8- =2 4 EAERRUMLZBHE AR
1-4-2 4 ERQlR B A+ &R
FEARLA T BIBEREN I XA L R g e LS

FIARIE? 4 o XA fd $d 24 3 A& F 4 4o Fig. 1-4-2.1 #157 o

Bent core
A
4 i | Al
Linking i Central i Rod-like
groups: i bentunit: 1 yings:
polarity, ! subsmuents ! Number of
direction, | position, ! ings, |ateral
flexibility | volume |

! substituents

1
1
1
1
1
1
1
1
1
i
1
b T
[ ~o
[ Y - /@U\
! ()
: \‘ X _/kx
1
1
1
1
1
1
I

micro-segregation

Fig. 1-4-2.1 $& & 3 i X3 H
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(1) Central bent unit (BU) : & S A ot fe » £ 4] 1,33 ¥k ~ 2,6 B~
Rpleg 27BN ETRZ 13BN EFHE o
(2)Rod-like wings : i fo AT = 8Tk 8 5 % > 2 A B plFP L o
(3)Linking group: & i 4% # < & =5(BU) 2 = :# rod-like wings i £ A& -
RIAS =% fs & 3 %49 & B (Bendingangle ) 5 120° - 4% LA 5
fig 25 ~ Schiff & & - 4 ~ H4t - CH,0 -~ COS & N=N % o
(4)Terminal chains @ & =h i o7 > 2 £ R4 Uk L 10 51
1S5RAF R
1-5-14 4 3 & 4317 &

Az s g & A3 o 8 12 (supramolecular chemistry) 4 3 2% 34
& % 2R WaEgz 2N R b L T Fl 4 4R T 4
P4 (Bt HREEY B FIAEA T LT LERD
AR A R T RO P AL YALE S RREBH L PR
RBHALBENL AR QT UF R SR LTS -
BaRE? frg 2w dehiE® 4 ol T EAp T EH @ L4 [ e
FIse R 3 Ben  HA R A SRS Tl 1A EH BTG E X iE
Food ML REELEIAPT T 4 LGB RT GO B
AR DG A SRR LS X U Sgap) cES L/ OF S CARAE o T
R ER A RNFTAETHEFT LA FRL B B EE
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i 2B ede s S R R E 2 0 F AT R BB {0 d
et LEREH AR B fodex plad iR o U & 4 (hydrogen
bonding) #p3 iv* kFREEELE S AL, F R LML - F & 70
& % ¢ 3 Blumstein% » =4 Poly (acryloyloxybenzoic acid) and
Poly ( methacryloyloxybenzoic acid) 25 fé AL ¢ ac 2 » 25 & 42 - B4l
(Dimer) @ # 3|3 B (Ordered) % &8 % » 2§ pFA 31425 < B
i1 o B | 1989 # Frechet fv KatoM™ » 4f % 1 rbez fl 27 25 ik 5 1347 7
g AEAF R BB 4EFr 253 45 E % & 4 (extended mesogen)
B R R ERPF R AL TR LA E LR RS RS

R & ¥ > 4-Fig. 1-5-1.1 #77 o

I T 696 gy
e ) e —

H-Bond Donor H-Bond
Acceptor

Fig. 1-5-1.1 545 & 4 F R & AW
1-52 & 440 ik fo &3
S LSRN N T¥ 2 S T

Fig. 1-5-2.1% 5% o 7 5 1 H £ 4 dn§ T enSMCP Ap 2 B % -
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1704 (€) [ K IS SmCP HHH Colr [N
\ 160 4 -
150
H-bonded asymmetric hetero-dimers 140
IIIn-Am, IIIn-Bm, IIIn-Cm, IVn-Am O 07
=7 120
IVn-Bm, Vn-Am, Vn-Bm and Vn-Cm g 0]
\9 [} 1in 2
o Q > n=12and 16 100 4
a HariChlO 90 4
\ Vo z=1 ]
/ﬁ % )@O \)QOIJOQ‘[ g 80
H:W..C,»Ol n=12and 16 70 4
60
@

Am:x=0

Fig. 1-5-2.1 &3 # 4 & 4> % 5 SmCP phase £ $ 353t

V12-B12
V12-B16
V16-B12
V12-C12
V12-C16
V16-C12
V16-C16

V16-B16

22011 & > AR SRR s R P raes 3, s

G4 Y FI k2 K AR o 4o Figl5-2.2 4 o

—0-0-0-0-0-

H-Alk

2-0-0-0-2-

C-Si0

phase transition temperature (°C)

compound and enthalpy (kJ/mol)
H-SiO Cr 759[22.8),” SmCGPz 86.0, SmCG,Pg 97.0,
USmCG,P4 115.0, SmCG,Px 132.1 [28.6],” Iso
H—Alk Cr 964 [19.5)," SmCP, 1286 [309],” Iso
C—Si0 Cr 493 [10.7), SmCPg 172.5 [29.7], Iso

“ Mesophasic types and transition temperatures were observed using
XRD and sw1td1mg current measurements in terms of changes in polar
switching behavior. ® Phase transitions were measured from the second
cooling scan of DSC (cooling rate: § °C min™").

Fig.1-5-2.2 :x 487 BF §F BN 2 T % BHR LT3 PR E
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1-6 ik 5
1-6-1 FEpirHihf R
1888 £ B 1 {14 4 & 7 Reinitzer & BB EFMm ¥ 7 B fip SR
o TR PR FR BRI S HFERRIF M g
;]*\‘F:E«[ls] ) 15 j\; ;sai;ﬂ)m o
B AR S A e A R H BN EL 2 LG T
MG B 7 BB EFRAPHEEN Aol PR E S A
BT R R B - B B BER A AR RAREL R )
EEFERY cRe AR R EHEE P EAAR LR 48
3B o
©2008# SIDF 3t ¢ ¢ > g R = & o & (Samsung) w E !
M EAROR HRET B R ERE CRARE S e X RE
(Fig.1-6-1.1)- 8.5 % - B EARR LA 2 LEHE > SR fdm F o
FREEET EHRMETBERHESFEY F S 2027 Hizs &

AR
AR AR ERPLATET 3 2 R
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Fig.1-6-1.1 # 2008 & SID Conference & = & & @ ¥rR F e 15w} §
ik f BT R
1-6-2 EApig Soiiff /i
E4p(Blue phase)ie fu £ - B p X h= L+ RS H Hir dh
4P 21 I A 324p (isotropic phase) £ "% F i 4p (cholesteric phase)z. &F o #&
M AR S P FR T mA 5 = A 4 W] 5 BPII 24§ i (amorphous)
BPII {j B = = (simple cubic){- BPI #2.« = = (body center cubic). #

(Fig.1-6-2.1 777 ) o

| | -
||'|l| X
=
N , 1SC
T4
[ve=on b Vo 1 i
[1ienn] l—l_l ITHT IS0~ |\f|\
oo 20 == | UKE ~ 7
H i EFI . BRI BPRIE IS0

Fig.1-6-21 EER TR » AN E 3 R MBeTmpL F
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Flgl-6-22 f*p P :ﬁ'gm

Fla Eeenp AL Z @R P RE T HRED AL GKF A
STILE 4 ¥ Rk Bragg B MengElt e — Bk AR Bk B

FlAs B4 ch@ B o BT H B PT 0 §510 ¢ 48

Al
“l
A
e
&
4
3
=%
9
by

R LR AR o pet 2 o grd T Ep BT
U AR e B EAR IR BT BETR T R BT B
At BEG A F R e M2 AR R F BRE SRR
Eipir L g R R F L 5 54359 % 4 (isotropic state) 7 #%
) f% 48 (chiral nematic phase) 2 B » & 3 d 38 >~ 7 B3 HHE PP
(chiral center)sa + B4 - @ H A PEF AR Apsadp? o 7 A A
G A E A 0 IR A A AR W A 3§ R
e 32 R E45T 5 0 (R A R 4 2 % o)
BV oo w3 FRE R (S22 - B R4 (cylinder)$ 7]
(Fig.1-6-2.3 (a) 142 * AL % (D) Fltiz RIALK])  H Fl47) 2 = 5 1/4
B3 BE(pitch/4 or P/4) > @ itk ePlfldas € 047 e > ;N3 dp > A5 p 2
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WP A A Y G A 4 LR SRR R
KR € A58 2 2 R (cubic) s fp s 0 T oA A = fE 0 SN A

f2.w = = (body center cubic)# 7| ~ f§ H > = (simple cubic)# 7] £ 17
% > % (iso-like)# 7] » A w4k & Z 5 BPI~BPIl~ BPII = &4
oo (Fi9.1-6-2.4 #777) » e 2 s VM E AR &y > Fl 5 L% e (43

o ER S e 2 fe e (EE - R Flpts VARG E - 18T

%% isotropic =i o 4p © fe FEAp R A § BBk % P e Fap en

@

Fig.1-6-2.3 () EEAR iR fo A F 30 — & ¥ et 5] 8 (Fl4L2 ¢ W) 5

Fi-EAERER

(b)Etpik o &+ & &k 2 F gt 5] 3V (Fl 412 RI4ARL W)

- s
\\S’v ‘f

(a) &) (c)

Fig.1-6-2.4 (Q)FWR R KA F K & k2 Tl S f sk #5]; (b) body

center cubic v BPI E4p ; (c) simple cubic # BPIl E4p
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1-6-3 Edpir 4+

bv prenfF ) APTFR L L
BABREHEL L E (D)
B Q) R EEE o AT

B BB ) B 8

SR d .

wi

$ER A LR E
IREE SEE NORTLEEE S

$OE AR AT (A

F e 3248 (chiral dopant) & % it

1-6-4T FEApRSHLF

A& k> d p AYoshizawaB ey @ » BN 54 T A

(T-shaped) hg4p iz & A~ =

e

CgHi7

21: Cry 63°C [ N* 16 BP 28] Iso

Fig. 1-6-4.1 d

(4o Fig. 1-6-4.1 #57m) » itk 5 AT

PH- S ) RTASERERERY 13 AP

aYe
CgHiz o—f\\ {\—coo W, /Q )N
o °
[CHz)s
O\
2
78
Y
1 2R
F—
07 GeH 7
O 6H13 H Q lc
o O F );_\ +CeHia
o <L;> o
CgHya GSHWO@O
1: Cry 71°C N 150°C Iso s
o
—_ ,:\_//o
CgHy20 €00 H
afhia _(\\j N (0 =CHa
CgHya
S811: Cry 41°C [SmA 22°C] Iso N

Yoshizawa BIF B E I ken T Y ERR LT
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1-6-5 BMEEWRR KA F

AP » Yoshizawa BlFp«h# 3 ¢ > 1% B ¥ en 4 (4 Fig.
1-6-5.1 4r Fig. 1-6-5.2 #7171 ) B# N5 R chEHET Y 5 30 B

[2223](_& f;\;l\‘:‘)

o \/OCAHQ - — ~

N J n SmA N BP | mp

PN [/// ‘VL\ N 6 ® 63 (0.7) o 113 (1.4) o 99
| l cH 7 © 94 (6.7) o 103(2.0) o 54
S ing (P g 8 e 105(52) e124(3.2) . 100
Ny O P 9 o 116 (8.6) e 120 (2.2) o 46
(/L P “(CHekn \\/L\\ N =\ 10 o108 (3.5) e 122(2.5) o 41
- L ~0CH I e 127 o127 . 62

/L a0 12 e135(94) o 74

Fig. 1-6-5.1 & Yoshizawa BFg B3 &I kB 2 EApig o &4 3

BP Iso Cooling

Exotherm X

R F
(@]
ke OO Gren

Heating

0 20 40 60 80 100 120
Temperature / °C

Fig. 1-6-5.2 ¢ Yoshizawa BF B8 & kB 2 R fo 4+
1-6-6 #¢ AFHRSL

Nakata % ¢ %27 7 EAphE e 541070 & ¢ 40 » - T F g2
AL 2% 5 (PBPIMB) » & HengF R S A F AR 0 - T

75k A 3 (MHPOBC) % 74 i 49 E @ E4p10 e Lifpde 2k 2
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stk AR & (TBBA)Fr & 2 24 H 0 &40

PSPIMB VOJ( Q %D\,
CBH”/O 140 158 O‘csH”

crystal -—-Ba B2 <= iso

MHPOBC C“H‘7Og_©_4 o

CeHi1s
CaHo —@—N\
\
C N@—cmg

-1800

TBBA

750

3) €
° £
5 700 ©
© K
2
§ 650 =
76 | N* host: YR21
1 1 1 1 1600
0 3 10 15 20
P8PIMB/Wt%

Fig.1-6-6.1 PBPIMB/YR21 = = 4p B
Takezoe f= Jakli & 4 2 7 & % & 4|/% & » + (CIPbis10BB, S2141,
S110)# 4e » B 3= & 4 (Twisting Power) ek & 3+ (0.5~7wt%

BDH1281) i sg & W WA AR A IRl > 27 & 57w 1l 207

cl2s-26
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CIPbis10BB j\@
CHp=CH-(CHa)g

O-{CH3)a-CH=CH32
He
) ° I S2141 jf[@
H
CagHzg OC1Hx
HC 0 5110
e SN LY Pc»/(:j‘ov\’\f'\, e

6008

Fig.1-6-6.2 ¢ k2 KX HAF RiE

B

4ok A T

Kikuchil?s 2 m & 85w i 8 A 3 ¢ R
LS A F RS AR EE A R et W R EARE R P

]_%]Jv' S lﬁ’?"{ﬁ% v o _,E'_ = &E‘;n]é 15°C o

@ N 0
O O
CsH1s0 OC7Hs
®) ¢ /94
220 o

210

isotropic
200

190

temperature/C

180

170

160

0 2 4 6 8 10
concentration of chiral dopant/wt%

Fig.1-6-6.3 ()¥ & ;£ F (b)e ket 2 H4pW
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1-6-7 RAFERRELF

A+ A Z o d HuaiYang BFf#rB 8 dieng sk w2 e
i chEpm e+ M v g b2 g4 4 a5 (dimer)
B Tk e (chiraldopant) - £ & 2 5 pyridyl F it A 5
MEAES SN 7 HfL g A+ B4 0 @ § 2 chiral dopant £ 7 #

e A 3 B 018 201 T SRR TR b A A

B9 5 23 & (4 Fig. 1-6-7.0 #i7) e T i s SBIL %k

&

Fe48 (chiral dopant) »*pt 2 $Hffedg &+ SHE7? - 7 g 167

CHEAmiE & 1 -

A .
A 2 o— (A)130]
re{ 0 W d @ H 1204
( - SFBA: X=F (&)
PPI: R=C3H; SHBA: X=H o~ 110 BP*
o o 3 -
V 9 € \ 0100 = from DSC
Self-assembly 390 e from POM
$ 80
gm
@ 60
wl 0 K M e
40 . - . : i - : . : {
b 10 20 30 40 50 60 70 80 90 100
Double twist cylinder SFBA mol%

Fig. 1-6-7.1 £3F EApR Htpchig i 3 %

17 B BB

34

PSS VRS ST LR RUE SRt A S

4O R
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e isieyy

NN
O »

a0 CslIFI
0 /@\ 0
do o)b\ O F
CsH14,0 O =
0NN
CsIF*Il
0 /@\ 0
0 do O)K©\ O F
0 0 -
CsHy,0 OW
C5lIF*I
0 /@\ 0
o) do O)KO\ O F
0 0 .
CoH190 O/*\/\/\/
ColIF#I
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o o}
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2-1 REHRES

BT T 2 (BT (RE AR

5L FEOME
Potassium carbonate (K,COs) 500g |[SHOWA
Potassium hydroxide (KOH) 500g |[SHOWA
Sodium hydroxide (NaOH) 500g |[SHOWA
Potassium iodide (K1) 500g |[SHOWA
Hydrochloric acid (HCI) 2.5L |Fisher Scientific
Magnesium sulfate anhydrous (MgSO,) 1Kg [SHOWA
Palladium (10%)/activated carbon (10% Pd-C) 10¢g Alfa Aesar
Celite 545 500g |[SHOWA
N,N'-dicyclohexylcarbodiimide (DCC) 100g |Fluka
4-(Dimethylamino)pyridine, 99% (DMAP) 100 g |Alfa Aesar
Sulfuric acid (H,SOy) 25 L |Aldrich
Boron tribromide (BBr)3 100g |ACROS
Bromine (Br,) 100 g |Alfa Aesar
Diisopropyl azodicarboxylate (DIAD) 100g |ACROS
Triphenyl phosphine, 99% (PPh3) 1Kg |ACROS
Benzyl 4-hydroxybenoate 100g |Aldrich
Methyl-4-hydroxybenzote 500g |TCI
(S)-(+)-2-Octanol 5¢ Alfa Aesar
2-Fluro-4-methoxyacetophenone 100g |Alfa Aesar
1-bromononane 100g |Alfa Aesar
1-bromoheptane 100g |Alfa Aesar
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1-bromopentane 100g |Alfa Aesar
3-Hydroxypyridine 100g |ACROS
Isonicotinic acid 100g |ACROS

Table. 2-1.1 9 5% ¥ & ¥

AT L BABE AT (RE 2 FA P

% A FEOREP
Acetone 4L |GRAND
Dichloromethane 4L |TEDIA
1,4-Dioxane 4L TEDIA
Ethyl acetate (EtOAC) 4L |GRAND
Ethyl alcohol (EtOH) 4L [TEDIA
Ether 4L |J.T. Baker
Methanol(MeOH) 2.5L [TEDIA
n-Hexane 4L |GRAND
Tetrahydrofuran 4 L  |Mallinckrodt Chemicals
Toluene 4L |GRAND
Triethylamine (EtzN) 4L |ACROS

Table. 2-1.2 R =iz #liF H

K -kz2. THF 2 & 4z 5 k2 CHCL Rl CaHy 3% » 2 *

R S I <
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2-2 REHRE
1~ 2% =K% % (Nuclear Magnetic Resonance, NMR )
A 5% ¢ Bruker AC-300 F|
Yook % H-ip] sample 3 *t d-solvent @ > i * #ip @ H g BC
KT L gL RSB A B B H =5 ppmo s £ F BH
% Hz > # 12 d-solvent & % p #& (CDCls, 'H: 8 = 7.24 ppm, *C: 6 = 77
ppm) - s i % singlet, d & % doublet, t ¥ £ triplet, m &~ % multiplet -
2~ ~% & +7 ik (Elemental Analyzer)
A 55 ¢ Perkin-Elmer 240C 3
dRAAFFEREY AR &E
3~ ik &g s (Polarized Optical Microscope, POM )
3% 1 LEICADMLP
U e BE AL = 5 ik B pr & Mettler FPO00 & FP82HT ‘= & 2
e EE O BLRFR A BN L P R F RIEFL o T 4 B YT
REEFEFRAEET2 AR EREERFER - P RHE (T
fios Polarizer » + 4% Analyzer) k& AL ¥ 5 90 A - Bk
BEACAZ L R AP RI AR Bkehs Yk Y gkl FEE
B kRS AT R LR K 2 R R G AT
KT BBV RN o
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4 ~ 5t £ ¥ £ £ 3+ (Differential Scanning Calorimeter, DSC)
2| %% : Perkin Elmer Pyris 7 3

DSCE A7 LR 2 4 B F2 faf|F-* RED A
TRERD  BRFEFRZHES 2F 22050 mg2 > HH KA
SRS R FRP LT EFRRD X ECRA N R PRL $TRA
EHEEE L] 0 2 AP R B o Krighaum 13450% & B &+ eh
‘2.1 (enthalpy ) @ 40 2100 T RBJE - 4o 7310 & %2 6 & 0.35~085
kcal/mol » @ & 71 %)ig & %2 & 2.1.5~5.0 kcal/mol 7 - fe igs it~ ¥

W kIR R4 0 HAd it & p ol S BABE 0 DSC A 47 7

& (POM) > X-ray Hebf3% o
5~ #iciz ot 4 B (Digital Oscilloscope )
2] %% Tektronix TDS-3012B
6~ TR A4 4 R (Arbitrary Waveform Generator, AWG )
2] %% Tektronix AFG 3021
7 ~ %+ 3+ (Silicon Photodiode )
7155 : Models ET-2000 ( Electro-Optics Technology Co., Ltd. )

s Aeg R kst (Therm-Control System )
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A1 55 © Models FP 800, FP900 ( Mettler Instruments )
9+ E T RERE (DC Power Supply)
7] 85 : Keithley 2400
10 ~ % i 7 K2+ B (High Speed Power Amplifier )
AL AL F av-p ek
11 ~ 4c# 5 (Hot Plate )
4] %5 : Corning PC-420D
12 g AR =
A5 METTLER TOLEDO AG245
13~ f hxER
#)85 : BRANSON 521Q
14~ 1TO & 3 £ (Cell)
AL L A E 10um > AREE 10um >~ 5K & 425um > @ * fifk 0T 7

SR

=
(il

i 4 iE 2 P (AUO)HK i

15~ & 7 % ¥t (VMacuum Line & Schlenk Line )
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2-3 & =2 fR

)

(0] (0]
C5HllBr
OMe OMe OH
(a) (b)
HO CsHy,0

CsHy,0
Q/LOBn
HO

1-1 1-2
C5H110/©)‘\ C5H110/©)‘\
(6] o
C7H15Br
OMe ————— OH
(b)
C,H1:0

2-1 2-2

C7H15O/©)J\ C7H150/©)‘\

O

O
CnggBr
OMe OMe OH
(@ (b)
HO CoH100

CoH100
3-1 3-2
(0]

(©) /@)J\O (d) o

3-3 3-4

Reagent : (a) K,COs, KI, Acetone, Reflux; (b) KOH, MeOH, Reflux; (c)
DCC, DMAP, DCM, r.t; (d) H, Pd/C, THF, r.t.
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O

F O F O =
MeO ® MeO HO
4-1

() (h)

4-2
F O B F O

HO ) 0 U
4-3 4-4

n

(k)

(0]
FoQ 0 F O OB
OH Q)LOBH
\/\/\)\ /©/u\ o VV\)\ °
o o
45 46

NP,
O

o
F o /©)J\0H
@A"
4-7

Reagent : () Br,, NaOH, 1,4-Dioxane, 0 °C; (g) BBr3;, DCM, r.t.;
(h)Toluene, H,SO,4, MeOH, 80 °C; (i) PPhs, DIAD, THF, 0 °C; (j) KOH,
MeOH, Reflux; (k) DCC, DMAP, DCM, r.t; (I) H,, Pd/C, THF, r.t.
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a, 2 o, -
HO OH E—— HO OBn E——

(m) (n)

61 5.2
. : 2
o /@)‘\O oBn — _ e} /@)J\o OH
CsHy,O 6-1 CsHy O 6-2

(9}

o /@\ o F
4-5 0 /©)Lo o)ﬁ -
" @)HD N g
CsHy,0 6-3

2 HEHX ¢ -
HO OH —_— HO OBn —_—

(m) 52 ()

5-1
i /©\ i /@\
/@*o oBn @ —— /©)J\o OH
(0]
CsH1,0 7.1 7-2

(0)
CsHy,O
2 8
4-7
- (e} (e} (@] F
(p)
CsH110 ®) H
s P
(O

Reagent : (m) K,COs3, Acetone, Reflux; (n) DCC, DMAP, DCM, r.t; (0)
H,, Pd/C, THF, r.t; (p) DCC, DMAP, DCM, r.t.
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5-1 5-2
2L § L
CsHy0 6-1 CsHy O 6-2
? %
47 /©)J\o 0)@ F
(0] (0) -
i @A J\CL
- /\/\/\/
CsH110 ¥ O
oW cATS SR
HO OH _— HO OBn _—
(m) \ (n)
- 52
7L 8 QL
o) /@J\o oBh o) /©)Lo OH
/@)\o (o) /@)‘\o
C9H190 8-1 Cnggo 82

0 /@\ o)
4-7 o /@J\o oJ\©\ O F
I en e
CoH140 8-3 0T

()

Reagent : (m) K,COs3, Acetone, Reflux; (n) DCC, DMAP, DCM, r.t; (0)
H,, Pd/C, THF, r.t; (p) DCC, DMAP, DCM, r.t.
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O
Q)Lo”
CsH1,0
1-2
(0]
@A"“
C;H50
2-2

O
/@)‘\O
CgH1,0
5M11 1-4

0
0 /@AA\OH
o
C/H150 »
0
0 /©)J\OH
o
CoH100 -

| AN
Ho ~N
(@)
| AN
HO™ N
(@
| AN
Ho 2N
(@
| X
Ho™ ~eN
(a)
| AN
Ho =N
(a)
| X
Ho >N

Reagent :(q) DCC, DMAP, DCM, r.t.
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(@) /I
0 /@)‘\O x~ _N
0y
9-6



9-7

10-2 10-3

Reagent :(q) DCC, DMAP, DCM, r.t. (i) PPhs, DIAD, THF, 0°C; (j) KOH,
MeOH, Reflux; (k) DCC, DMAP, DCM, r.t; (I) H,, Pd/C, THF, r.t.

47



Foo F o

F O
USSR

41 4-2
F O F O
/@/N\OMG NN, /©/\‘\OMG .
N
HO (@) o (0)
43 111
o)
F O o) F O OBn
OH Q)LOBH
NP N
O ST
() 0
11-2 11-3
o o
F o OH Q)L OBn
T HO
o)
()
NN
o)
11-4
0

O/©/u\
A N 1-5

Reagent : (f) Br,, NaOH, 1,4-Dioxane, 0 °C; (g) BBr3;, DCM, r.t.;
(h)Toluene, H,SO,4, MeOH, 80 °C; (a) K,COs, KI, Acetone, Reflux; (j)
KOH, MeOH, Reflux; (k) DCC, DMAP, DCM, r.t; (I) H,, Pd/C, THF, r.t.
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2-1
o)
o o o /@J\osn
OH Q)LOBH
SN
D N
© ®) o
2-2 2-3
o o}
Do
- HO
0
ore
SN
0 2-4

o

Reagent : (a) K,COg, KI, Acetone, Reflux; (j) KOH, MeOH, Reflux; (k)
DCC, DMAP, DCM, r.t; (I) H,, Pd/C, THF, r.t.
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2-4 & % %

methyl 4-(pentyloxy)benzoate, 1-1

0] O
CsH.1Br Acetone
OMe OMe
HO K,CO3 / Kl / reflux CeHy,0

#-1v & 4= benzyl 4-hydroxybenzoate ( 10 g, 65 mmol ) % ** 500

mL [f] & &S > 4e » 250 mL > acetone R & W35 fF > £ 4~
Ko,CO; (27.29,197 mmol ) 4= KI (5.59, 33 mmol ) » #4457 > X
s MM F » 1-bromopentane (11.8 g, 78 mmol ) 4c# % 60 °C & it
Fr TLC % > BRREEEE D F B2 ik o 44T 2R B3
VR S # T,Mf?' £41* HO 4= EtOAC 5B~ B~3 {8 & 4r » MgSO,
",f koo R HEAC R B ﬁd silica gel ¢ 4L & 7 % iv > *

n-hexane/EtOAC & *#& % » #3|%e ¢ FHH > 2 F 96% -

'H NMR (300 MHz, CDCl3) 8 (ppm) : 7.86 (d, J = 8.4 Hz, 2H, Ar-H),

6.88 (d, J = 8.4 Hz, 2H, Ar-H ), 4.02 (t, J = 6.3 Hz, 2H, -OCH,- ), 3.88
(s, 3H, -OCHs), 1.71-1.61 ( m, 2H, -CH,- ), 1.71-1.29 ('m, 6H, -CH,- ),
0.96 (t, J = 6.3 Hz, 3H, -CHs).

4-(pentyloxy)benzoic acid, 1-2

@) O

KOH / MeOH
OMe OH
CsH1,0 reflux CsH1,0

50




it &4 1-2(10g,45 mmol) ~ KOH (7.56 g, 135 mmol ) 14 %
£ % MeOH %>t 500 mL Rl AEFgp - 4e#ize i 90 °C &
TLC 7 > BPEHPIFETF R 2 o ARBHTRIEFERHIC S o r B
fa-kiampeitsd pH @3 3 50k > EptFIe 4§ FM > 25 90

0p o

'H NMR (300 MHz, CDCl5) & (ppm) : 8.01 (d, J=8.7 Hz, 2H, Ar-H ),

6.98(d, J = 8.7 Hz, 2H, Ar-H ), 3.96 (t, J = 6.3 Hz, 2H, -OCH,- ),
1.70-1.61 (m, 2H, -CH,- ), 1.51-1.26 ( m,4H, -CH,- ), 0.86 (t, J = 6.3 Hz,
3H, -CHs).

benzyl 4-((4-(pentyloxy)benzoyl)oxy)benzoate,1-3

o)
0 Q)LOBn o
HO
OH O OBn
CsH1,0 DCC / DMAP / DCM ﬁo
CsH1,0

#-it & 4 1-3 (10 g, 48 mmol ) ~ benzyl 4-hydroxybenzoate ( 9.14 g,

40 mmol )~ 12 2 it & DMAP (0.73 g, 6 mmol ) = ¥ > 500 mL &
AN CTFAPEZ - PP A F o ART o BERIERIFL 2
=3 & 4~ 250 mL dry CH,Cl, 2 & 38453 2> %8 {8 4c » DCC (16.57
g, 80 mmol) #4353 - FHTERY 16 | pF;EF TLC 7 >

2P HEE TR R 2> o A 24 dicyclohexylurea (DCU) v ¢ ik > i
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Ja i 11 CHCly ijis» £ 1% H,O 4r CHCl, 5B~ B~j 8k 4o »
MgSO, "f ko E 7 *’ﬁ’@‘}féiﬁ‘ﬁ "$ % A i;&i{ﬁi’a%ﬁf s B 18 %ﬁé silica gel
FAHA At > % n-hexane/CH.Cl, § w3k » @3 ¢ FHE >

A% 83%:-

'H NMR (300 MHz, CDCl3) 5 (ppm ) : 8.03 (m, 4H, Ar-H ), 7.26 (d, J

= 8.7 Hz, 2H, Ar-H ), 7.19 (m, 5H, Ar-H ), 6.94 (d, J = 9.0 Hz, 2H,
Ar-H) , 5.36 (s, 2H, -OCH,Ph ), 3.94 (t, J = 6.3 Hz, 2H,-OCH- ),
1.70-1.61 (m, 2H, -CH,- ), 1.33-1.29 ( m, 4H, -CH,- ), 0.96 (t, J = 6.3
Hz, 3H, -CHs).

4-((4-(pentyloxy)benzoyl)oxy)benzoic acid,1-4

o O

Pd/c H
CsHq,0 CsH1,0

#-it &4 1-4(109,30 mmol) % *t 1000 mL gsg¥gp > 12 300

mL ¢ THF 7% #3>4c » 15%Pd/IC (1.5g) @i 4] R & #4305

F_&

& F 45T 5 F i overnight; i@ % TLC % » 85 i Bar 5 &
R FF R0 THE RiEiR  RSFICE 5 8

n-hexane/CH,Cl, 3 f3R Z 2 £ %% »iE/pPv ¢ FHMW- - 25 95% -
'H NMR (300 MHz, CDCl3) & (ppm) : 8.20 (d, J = 8.4 Hz, 2H, Ar-H),

8.04 (d, J=8.7 Hz, 2H, Ar-H ), 7.35-7.15 (m, 2H, Ar-H ), 6.90 (d, J =
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8.7 Hz, 2H, Ar-H), 3.94 (t, J = 6.6 Hz, 2H,-OCH- ), 1.70-1.61 ( m, 2H,
“CH,- ), 1.33-1.25 ('m, 4H, -CH,- ), 0.86 (t, J = 6.6 Hz, 3H, -CH3).

methyl 4-(heptyloxy)benzoate ,2-1

O O
C,Hq5Br / Acetone
OMe OMe
HO K,COg5 / KI / reflux C/HycO

£ 1-1 sgive#-iv & % benzyl 4-hydroxybenzoate ( 10 g,

65 mmol) % ** 500 mL [l &g > 4 » 250 mL < acetone R &
WHRfE > £ 4 » KiCO; (1 27.2 g, 197 mmol ) §= KI ( 5.5 g, 33
mmol ) - ##447> X S BB /F ~ 1-bromoheptane (14 g, 78 mmol ) -+«

#%3 60°Cui - B & FE - ASX 94% o

'H NMR (300 MHz, CDCl3) 8 (ppm ) : 7.97 (d, J = 8.4 Hz, 2H, Ar-H),

6.87 (d, J = 8.4 Hz, 2H, Ar-H ), 4.02 (t, J = 6.3 Hz, 2H, -OCH,- ), 3.88
(s, 3H, -OCHs), 1.71-1.61 ( m, 2H, -CH,- ), 1.42-1.25 ('m, 8H, -CH,- ),
0.88 (t, J = 6.3 Hz, 3H, -CHs).

4-(heptyloxy)benzoic acid ,2-2
O

o KOH / MeOH
OH
OMe
reflux C-H.=O
C7H150 T

£ g 1-2 #he e Bt &4+ 2-1(10g, 40 mmol ) ~ KOH

(6.729,120 mmol) 12 % i 3% MeOH % % 500 mL [F] & '&¥y,
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poo BT F HE o AF 90% -

'H NMR (300 MHz, CDCl3) 5 (ppm ) : 8.04 (d, J = 8.7 Hz, 2H, Ar-H ),

6.91 (d, J=8.7 Hz, 2H, Ar-H), 4.02 (t, J = 6.3 Hz, 2H, -OCH,- ),
1.83-1.70 (m, 2H, -CH,- ), 1.46-1.25 (m, 8H, -CH,- ), 0.89 (t, J = 6.3
Hz, 3H, -CHs). Anal. Calcd for Ci4Hx0s: C, 71.57; H, 8.70. Found: C,
71.19; H,8.55.

benzyl 4-((4-(heptyloxy)benzoyl)oxy)benzoate ,2-3

O
@OBn 0
O HO
O OBn
OH
DCC / DMAP / DCM (@)
C7H150
C7H150

£ 281 13 #i0L o #( &4 2-2(109,42mmol ) ~ benzyl

4-hydroxybenzoate ( 8 g, 35 mmol )~DCC ( 14.5g, 70 mmol ) % ig it
#] DMAP (0.65¢g,53mmol) > = % 500 mL gEspsgp » >3 8T

FRRY 16 /) #3%e ¢ HEE - 23 87%-

'H NMR ( 300 MHz, CDCl5) & (ppm ) : 8.05 ( m, 4H, Ar-H ), 7.45-7.30

(m, 5H, Ar-H ), 7.29-7.25 (m, 2H, Ar-H ), 6.94 (d, J = 9.0 Hz, 2H,
Ar-H), 5.36 (s, 2H, -OCH,Ph ), 4.10 (t, J = 6.3 Hz, 2H,-OCH- ),
1.70-1.61 (m, 2H, -CH,- ), 1.41-1.25 (m, 8H, -CH,- ), 0.86 (t, J = 6.3
Hz, 3H, -CHs).
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4-(4-(heptyloxy)benzoyloxy)benzoic acid ,2-4

@)

O
Pd/c H
C,Hy50 C7H150

&3 R AE L o it &% 2-3(109,22 mmol) ¥ % 1000 mL
gsgFgp > 300 mL h THF 3% > 4e » 15%Pd/C(1.5g) w1
AR LIS > i F AT o F R overnight» v 4 FEE
A % 96 % - Anal. Calcd for C»;H240s5: C, 70.77; H, 6.79. Found: C,

70.61; H, 6.94.
'H NMR (300 MHz, CDCl5) & (ppm) : 8.14 (m, 4H, Ar-H ), 7.32-7.25

(m, 2H, Ar-H), 6.94 (d, J = 8.7 Hz, 2H, Ar-H ), 4.04 (t, J = 6.6 Hz,
2H,-OCH- ), 1.81-1.76 ( m, 2H, -CH,- ), 1.46-1.24 (m, 8H, -CH,- ), 0.88
(t,J = 6.6 Hz, 3H, -CHs).

methyl 4-(nonyloxy)benzoate ,3-1

O O
CgH19Br / Acetone
OMe OMe
HO K,CO5 / KI / reflux CoHysO

E a2 1-1 5gine kit &% benzyl 4-hydroxybenzoate ( 10 g,

65 mmol) % >+ 500 mL F]&’ESgp > 4 » 250 mL 7 acetone R &
WA R £ 4 » K,CO3 (27.2 g, 197 mmol ) 4= KI ( 5.5 g, 33

55



mmol ) » #4347 > AR B /F » 1-bromononane ( 16.2 g, 78 mmol )

eI 60°Camor > FDHe § FHM AF 94% o

'H NMR (300 MHz, CDCl3) 8 (ppm) : 7.92 (d, J = 8.4 Hz, 2H, Ar-H),

6.88 (d, J = 8.4 Hz, 2H, Ar-H ), 4.02 ( m, 2H, -OCH,- ), 3.88 ( s, 3H,
-OCHs), 1.71-1.61 ( m, 2H, -CH,- ), 1.48-1.15 ( m, 12H, -CH,CH;), 0.85
(t,J = 6.3 Hz, 3H, -CH,).

4-(nonyloxy)benzoic acid ,3-2
O

o KOH / MeOH
OH
OMe
reflux CoH1oO
C9H190 9l'l19

&g 1-2 47 o Bit & 4 3-1(100,36 mmol) ~ KOH

(6.06 g, 108 mmol ) 12 % i§ B3 & MeOH %+ 500 mL [F] & 45

ho DY ¢ FAE A% 92% o

'H NMR (300 MHz, CDCl5) & (ppm ) 8.12 (d, J = 8.7 Hz, 2H, Ar-H ),
6.99 (d, J = 8.7 Hz, 2H, Ar-H ), 4.07 (s, 2H, -OCH,- ), 1.80-1.71 ('m, 2H,
-CHy-), 1.51-1.26 (m, 12H, -CH,- ), 0.86 (t, J = 6.6 Hz, 3H, -CHs).

benzyl 4-((4-(nonyloxy)benzoyl)oxy)benzoate,3-3

(@)
@OBn 0
O HO
(@] OBn
OH
DCC / DMAP / DCM (@)
CoH190
CoH100
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L83k 1-3 $giw o #iv £4 3-2(10¢g, 37.8 mmol ) ~ benzyl
4-hydroxybenzoate ( 7.18 g, 31.5 mmol ) ~DCC ( 13.05 g, 63 mmol )1 %
igLi- & DMAP (0.5859,4.77 mmol) » F= % ** 500 mL E3E¥gg+Eio

JoNEFRTERN L6 ) FRHe 4 HE o AF 82%-

'H NMR (300 MHz, CDCl5) & (ppm ) : 8.15 (m, 4H, Ar-H ), 7.45-7.31
(m, 5H, Ar-H), 7.32-7.25 (m, 2H, Ar-H ), 6.97 (d, J = 8.4 Hz, 2H,
Ar-H), 5.37 (s, 2H, -OCH,Ph ), 4.10 ( t, J = 6.3 Hz, 2H,-OCH- ),
1.73-1.61 (m, 2H, -CH,- ), 1.50-1.25 ( m, 12H, -CH,- ), 0.86 (t, J = 6.3
Hz, 3H, -CH,).

4-((4-(nonyloxy)benzoyl)oxy)benzoic acid ,3-4

0]

(@]
Pd/c H
CoH160 CgH190

L3 Eer 14508 4% 3-3(10g, 21 mmol) % *+ 1000
mL EEsgFph > 2 300 mL ¢ THF 73 %> 4 » 15%Pd/C (1.59) &
AR LRI > A E F BT F & overnight (76 ¢ FEE

A3 96% -

'H NMR (300 MHz, CDCl5) & (ppm ) : 8.05 ( m, 4H, Ar-H ), 7.39-7.15

(m, 2H, Ar-H ), 6.90 (d, J=8.7 Hz, 2H, Ar-H ), 4.08 (t, J = 6.6 Hz,
2H,-OCH-), 1.70-1.61 ( m, 2H, -CH,- ), 1.41-1.25 ( m, 12H, -CH,- ),
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0.85(t,J=6.6 Hz, 3H, -CHj3).

2-fluoro-4-methoxybenzoic acid, 4-1

F O F O
NaOH,Br,
H OH
1,4-Dioxane
MeO MeO

#-iv & 3 2-fluoro-4-methoxyacetophenone (5 g, 29.8 mmol ) %

500 mL [F] & IESL R 0 4e » i £03 & 1,4-Dioxane R & #EB fE

£ # NaOH (3.57g,89.3 mmol) frig £ H,O i3 & » Ris B BiF »

Bromine (4.75 g, 29.8 mmol ) 2z s — A= % fkiz ™ 4o » Fl R IEHY

b

P\’é._

;E—TF).@E’@? TLC % ’%%iw‘fujﬁ}%;ﬁbigi O’N

ESSLE ﬁ/@lan'/’i#ﬁl'ﬂ"ﬁz}aﬂt’l FlFHe ¢ B AF 90% -

'H NMR (300 MHz, CDCl3) & (ppm): 7.9 (d, J = 8.7 Hz, 1H, Ar-H),
7.83-7.78 (d, J=8.7 Hz, 1H, Ar-H ), 7.02 (t, J = 9.0 Hz, 1H, Ar-H ),
3.97 (s, 3H, -OCH3)

2-fluoro-4-hydroxybenzoic acid, 4-2

F O F O
OH OH
\eO DCM "

#-it &P 4-1(4909,288mmol) E 3t 250 mL EEFEALP 0 B
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§# k%7 5 470 dryCH,ClL (30mL) > *t -78°C T4 » BBr;
(1449,57.6 mmol ) » » v 3|28 12 -} = > * 2N NaOH %%
B EIBREF ES A r MERRE I B 0 X
ethyl acetate fr HO 3P~ > P~j 84 * MgSO, *5-k - £ 2 xdkik
HEIle F HM AF 9B9%-

'H NMR ( 300 MHz, CDCl5) & (ppm) : 7.62-7.58 (m, 1H, Ar-H ), 7.01
(t,J=9.0 Hz, 2H, Ar-H )

methyl 2-fluoro-4-hydroxybenzoate, 4-3

F O @ H,SO, F O
HO M HO

it &4 4-2(59,32mmol) ~ H,SO4 (7mL) 2% MeOH

(250 mL) F % % 500 mL ] &’&Esgp >3t 90°C T i@ * TLC
TORTEBE TS R 2 B RN AR 11 EA -
REP- B3 A ©r MgSO, “,ff}c ’ ﬁ»%;’:;{ﬁ“ﬁ silicagel 4k 47
i > % n-hexane/ethyl acetate % * 4% > T 1% ¢ FHEL - 80

0p o

'H NMR (300 MHz, CDCl5) & (ppm) : 7.76 (d, J = 8.7 Hz, 1H, Ar-H),

7.74 (d, J= 8.7 Hz 1H, Ar-H ), 7.06 (d, J = 9.0 Hz 1H, Ar-H ), 6.10 (s,
1H, Ar-OH ), 3.91 (s, 3H, -OCHs).
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methyl 4-((R)-octan-2-yloxy)-2-fluorobenzoate, 4-4

F O F O

\/\M
OH
OMe OMe
DIAD/PPh3/THF w\
HO o

#-iv &4 4-3(59,29.4 mmol) ~ PPh; (8.89 g, 33.8 mmol) *x » 500

S

mL BEFFP > FFANE TG P AF F ART O BEEFRIERIT
Iz A i BB A THRE #2310 4~ 454 (S)-2-octanol (4.6
g,35.2mmol) > ¥4 15 » 44 » DIAD(8.9g,44 mmol) » g%
EHPFETF G2 2 o FF B2 AL 7 EIESGFICE S 18

Fd silicagel ¢4 A& 475 it > * n-hexane/ CH.Cl, % #*#&i% » 3

I

hE SRR A S 85% e

-~

'H NMR (300 MHz, CDCl3) & (ppm ) : 7.92 (d, J = 9.0 Hz, 1H, Ar-H ),
7.25(d, J=8.7 Hz, 1H, Ar-H), 6.87 (d, J = 8.7 Hz, 1H, Ar-H ), 4.30 (m,

1H, -OCH- ), 3.84 (s, 3H, -OCH;), 1.71-1.57 (m, 2H, -CH,- ), 1.42-1.25
(m, 11H, -CH,CHs), 0.83 (t, J = 6.0 Hz, 3H, -CH3).

4-((R)-octan-2-yloxy)-2-fluorobenzoic acid, 4-5

F O O

OMe KOH MeOH OH
\/\/\)\ Reflux V\/\)\
f0) (@)

LAk 122 0w Bt &% 4-4 (109, 35.5 mmol) ~ KOH
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(5.959,106 mmol) r2 % if £:3 % MeOH % ** 500 mL [F] & &g, -

Atsid AW AF 89%-

IH NMR (300 MHz, CDCl3) & ( ppm ): 7.96 (t, J = 8.7 Hz, 1H, Ar-H),
6.71 (d, J=9.0 Hz, 1H, Ar-H ), 6.50 (d, J = 9.0 Hz, 1H, Ar-H ), 4.41 ( m,
1H, -OCH- ), 1.79-1.60 ( m, 2H, -CH,- ), 1.47-1.26 ( m, 11H, -CH,CHs ),
0.88 (t, J=6.6 Hz, 3H, -CHj3). Anal. Calcd for Cy5sH,.FOs: C, 67.14; H,
7.89. Found: C, 67.06; H, 7.89.

(R)-4-((benzyloxy)carbonyl)phenyl-2-fluoro-4-(octan-2-yloxy)benzoat
e, 4-6

o

o
F o /©)‘\OB” F o @OBn
v 2
\/\/\)\O DCC / DMAP / DCM \/\/\)\O

£k 1-3 spive#it £4 4-5(11.25¢, 42 mmol )~ benzyl

4-hydroxybenzoate ( 8 g, 35 mmol )~ ig-i* 3 DMAP ( 0.65 g, 5.3 mmol ) >
% DCC (1459, 70 mmol) = %>t 500 mL EFSEHgp *t 3T &

¥ 16 o B3e g4 FH AF 87% -

'H NMR (300 MHz, CDCl5) & (ppm) : 8.13 (d, J = 8.7 Hz, 2H, Ar-H),
8.02 (t,J=9.0 Hz, 1H, Ar-H ), 7.45-7.30 (m, 5H, Ar-H ), 7.29-7.25 ( m,
2H, Ar-H), 6.74 (dd, J = 8.7 Hz, 1H, Ar-H ), 6.66 (dd, J = 8.7 Hz, 1H,
Ar-H), 5.37 (s, 1H, -OCH,Ph ), 4.40 ( m, 1H,-OCH- ), 1.70-1.61 ( m, 2H,
-CH,- ), 1.41-1.26 ( m,11H, -CH,CH3 ), 0.86 (t, J = 6.0 Hz, 3H, -CH3).
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(R)-4-((2-fluoro-4-(octan-2-yloxy)benzoyl)oxy)benzoic acid, 4-7

O

o

SUSVen A

E 2 1450 o B &% 4-6(109,20 mmol) % ** 1000 mL

BTN 0 2 300mL ¢ THF 3% » 40 » 15%Pd/C (1.5g) i
Al fd F K37 o F & overnight #F 6 & FHE > A F 92% o

'H NMR (300 MHz, CDCl3) & (ppm): 8.16 (d, J=8.7 Hz, 2H, Ar-H),

8.03 (t,J=8.0 Hz, 1H, Ar-H ), 7.32 (m, 2H, Ar-H ), 6.74 (dd, J = 9.0Hz,
1H, Ar-H ), 6.68 (dd, J = 11.7 Hz, 1H, Ar-H ), 4.42 (m, 1H, -OCH-),
1.71-1.60 ( m, 2H, -CH,- ), 1.33-1.27 ( m, 11H, -CH,CHj3), 0.86 (t, J =
6.3 Hz, 3H, -CH3). Anal. Calcd for C,,H,5FOs: C, 68. 03; H, 6.49. Found:
C, 67.78; H, 6.44.

3-(benzyloxy)phenol, 5-2

IO oy J O
HO OH HO OBn

K5,COg3 / KI / reflux/ Acetone

#-iv & # Resorcinol (10 g, 90.8 mmol ) % »* 500 mL [F] & '&+y,
oo x 250 mL 0 Acetone R £ $FEA R 0 £ 4~ Ky,COs (389,

275.1 mmol ) f= KI ( 7.6 g, 46.1 mmol ) > #4747 RSB iF »
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(bromomethyl)benzene (16.7g, 97.78 mmol ) 4c#t 1 60 °C & ;x> &
* TLC % > BESHE FIF R 250k o443 308 B 3Rk
Sppsrpin Al £ 417 HO - EtOAC B Beg 8k 4 » MgSO, Gi
Ko lkEEIC R Bt silicagel F A7 i n-hexane/EtOAC

¥R WIS R A S 83% -

'H NMR (300 MHz, CDCl;) 5 (ppm) : 7.19~6.98 ( m, 6H, Ar-H ),

6.41-6.33 (m, 3H, Ar-H), 5.20 (s, 2H, -OCH,Ph), 5 (s, 1H,Ar —OH).

4-((3-(benzyloxy)phenoxy)carbonyl)phenyl-4-(pentyloxy)benzoate,
6-1

? QL
/@\ 1-4 o) /O)‘\o OBn
HO OBn AN 4
DCC/DMAP/DCM
CcHy O

g3k 1.3 gpinekit &4 5-2(5¢g, 25mmol )~1-4 (6.56 g,
20 mmol )~ igti+ & DMAP (0.385 g, 3.15 mmol )> 12 2 DCC ( 8.654 g,
41.67 mmol) F ¥+t 500 mL EEFEFip 2 E T F Y 16 ] pF F

e d HH AF 87% -

'"H NMR ( 300 MHz, CDCl5) & (ppm) : 8.21 (d, J = 8.4 Hz, 2H, Ar-H),

8.03 (d, J = 8.4 Hz, 2H, Ar-H ), 7.30-7.20 ( m, 8H, Ar-H ), 6.87-6.69 (m,
5H, Ar-H ), 5.08 (s, 2H, -OCH,Ph ), 3.96 (t, J = 6.3 Hz, 2H, -OCH,- ),
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1.70-1.61 (m, 2H, -CH,- ), 1.51-1.26 ( m,4H, -CH,- ), 0.86 (t, J = 6.3 Hz,
3H, -CHs).

4-((3-hydroxyphenoxy)carbonyl)phenyl 4-(pentyloxy)benzoate, 6-2

(6] (6]
PdIC H,
O (e} oBn ——— = (0] (6] OH
THF
(0] (6]
CsH1,0 CsH1,0

g3 l-4gp kit £4 6-1(109,19.6 mmol) % ** 1000
mL gggsgp -2 300 mL & THF 3 §%> 4~ 15%Pd/C(15¢g) %

V&> Ad F kAT o F & overnight  (Bv & B4 A5 90% o

'H NMR (300 MHz, CDCl3) 8 (ppm ) : 8.21 (d, J = 8.7 Hz, 2H, Ar-H ),

8.03(d, J =8.7 Hz, 2H, Ar-H ), 7.27-7.21 (m, 5H, Ar-H ), 6.87-6.69 ( m,
3H, Ar-H ), 5.01 (s, 1H, -OCH,Ph ), 3.96 (t, J = 6.6 Hz, 2H, -OCH,- ),
1.70-1.61 (m, 2H, -CH,- ), 1.46-1.25 ( m,4H, -CH,- ), 0.90 (t, J = 6.6 Hz,
3H, -CHs).

(R)-3-((4-((4-(pentyloxy)benzoyl)oxy)benzoyl)oxy)phenyl
2-fluoro-4-(octan-2-yloxy)benzoate, 6-3

0 o) o -
6-2+45 —————— :
DCC/DMAP/DCM o) o0

CgH,,0

L& Ee 1.3 800 o %1 2% 6-2(59, 11.9 mmol )~4-5 (3.19

g, 11.9 mmol )~ &Lt & DMAP (0.18 g, 1.5 mmol )> 12 2 DCC (4.11 g,
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19.8mmol) F %3 500mL EESEFLPA >3 ETF RS 16 | pF 0 @
PG ¢ EM s AF 81% -
'H NMR (300 MHz, CDCl5) & (ppm ) : 8.25 (d, J = 8.4 Hz, 2H, Ar-H),

8.07 (d, J=8.7 Hz, 2H, Ar-H ), 8.00 (t, J = 8.4 Hz, 1H, Ar-H ), 7.45 (t,
J=8.3Hz, 1H, Ar-H), 7.34 (d, 2H, J = 8.4Hz,Ar-H ), 7.16 ( m, 3H,
Ar-H), 6.98 (d, J = 8.7 Hz, 3H, Ar-H ), 6.74 (m, 2H, Ar-H ), 6.66-6.61
(m, 4H, Ar-H), 4.41 (m, 1H, -OCH- ), 4.00 (t, J = 6.5 Hz, 2H, -OCH,- ),
1.81-1.71 (m, 3H, -CH,- ), 1.40-1.25 (m, 16H, -CH,- ), 0.90 ( m, 6H,
-CHs). Anal. Calcd for CaHa3FOs: C, 71.62; H, 6.46. Found: C, 71.03; H,
6.45.

3-(benzyloxy)phenyl 4-(pentyloxy)benzoate, 7-1

(@]
1-2
(0] OBn
HO OBn
CsH1,0

DCC/DMAP/DCM
£y 1.3 agivedi- &4 5-2(5¢9, 25 mmol)~1-2 (4.162

g, 20 mmol ) ~ &t & DMAP (0.385 g, 3.154 mmol ) » 2 2 DCC

(8.654 g, 41.67 mmol ) % »> 500 mL P> 2ETE RY 16

JpE BRI A AF 87T%-

'H NMR ( 300 MHz, CDCl5) & (ppm) : 8.03 (d, J = 8.4 Hz, 2H,

Ar-H ),7.30-7.20 (m, 6H, Ar-H ), 6.77-6.67 (m, 5H, Ar-H ), 5.16 (s, 2H,
-OCH,Ph ), 3.94 (t, J = 6.3 Hz, 2H, -OCH,- ), 1.70-1.61 ( m, 2H, -CH,- ),
1.46-1.29 (m, 4H, -CH,- ), 0.96 (t, J = 6.3 Hz, 3H, -CHs).
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3-hydroxyphenyl 4-(pentyloxy)benzoate, 7-2

O o)
Pd/C H,
o OBn _— (@) OH
THF
C5Hllo C5H110

e 14580 - Bt &% 7-1(109, 25.6 mmol ) ¥ *¢
1000 mL gEspHgp > 4 300 mL 9 THF % fi% > 4~ 15%Pd/C (1.5

g) BiCH> AT F AT KB overnight> 6 & F4E & 5 89% o

'H NMR (300 MHz, CDCl5) & (ppm ) : 8.03 (d, J = 8.7 Hz, 2H, Ar-H),

7.10-6.98 (m, 3H, Ar-H ), 6.87-6.69 (m, 3H, Ar-H ), 5.03 (s, 1H,
-OCH,Ph ), 3.94 (t, J = 6.6 Hz, 2H, -OCH,- ), 1.71-1.65 ( m, 2H, -CH,- ),
1.35-1.27 ( m,4H, -CH,- ), 0.96 (t, J = 6.6 Hz, 3H, -CH3 ).

(R)-4-((3-((4-(pentyloxy)benzoyl)oxy)phenoxy)carbonyl)pheny!l

2-fluoro-4-(octan-2-yloxy)benzoate, 7-3

7-2+4-7 /©)J\ )J\@\
DCC/DMAP/DCM C5H110

£k 13 # e #-it &4 7-2 (3579, 11.9 mmol ) ~ 4-7
(4.62 g, 11.9 mmol ) ~ & % DMAP (0.18 ¢, 1.5 mmol) > 2 2 DCC
(411 g, 19.8 mmol ) f % ** 500 mL EEFFsgp > 2ETF Y 16
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JopE s @Y 4 EM o A T4% -
'H NMR (300 MHz, CDCl5) & (ppm ) : 8.27 (d, J = 8.7 Hz, 2H, Ar-H),

8.25 (d, J=8.7 Hz, 2H, Ar-H ), 8.16-8.12 (m, 1H, Ar-H ), 7.45 (t, J =
8.3 Hz, 1H, Ar-H ), 7.39 (d, J = 8.4 Hz, 2H, Ar-H ), 7.36 ( m, 3H, Ar-H),
6.98 (d, J=8.7 Hz, 2H, Ar-H ), 6.74 (m, 2H, Ar-H ), 4.45 (m, 1H,
-OCH-), 4.03 (t, J = 6.5 Hz, 2H, -OCH,- ), 1.81-1.71 (m, 3H, -CH,- ),
1.49-1.30 ( m, 16H, -CH,- ), 0.95 ( m, 6H, -CH3). Anal. Calcd for
CaoH43FOg: C, 71.62; H, 6.46. Found: C, 71.63; H, 6.84.

(R)-4-((3-((4-((4-(pentyloxy)benzoyl)oxy)benzoyl)oxy)phenoxy)carbo
nyl)phenyl 2-fluoro-4-(octan-2-yloxy)benzoate, 6-4

g LR
o) Q)% oJ\©\ o F
62 +4-7 . ! 3
DCC/DMAP/DCM B
C5Hllo O/\/\/\/

Ea e 1-3 #gie &it &% 6-2(50,11.9 mmol) ~ 4-7 (4.62 g,
11.9 mmol ) ~ #it # DMAP (0.18 g, 1.5mmol) > 122 DCC (4.11 g,
19.8 mmol) F %> 500 mL EEFFFAFETERY 16 | FF - {F
Ilo J FHEE AF T8%

'H NMR (300 MHz, CDCI3) & (ppm) : 8.26 (d, J = 8.4 Hz, 3H, Ar-H),

8.12 (d, J=8.7 Hz, 2H, Ar-H), 7.99 (t, J = 8.7 Hz, 1H, Ar-H), 7.47 (t,
J=8.4Hz, 1H, Ar-H), 7.34 (d, J = 8.4 Hz, 4H, Ar-H ), 7.18 ( m, 4H,
Ar-H), 6.97 (d, J = 8.7 Hz, 2H, Ar-H ), 6.70-6.65 ( m, 2H, Ar-H ), 4.42
(m, 1H, -OCH- ), 4.02 (t, J = 6.5 Hz, 2H, -OCH,- ), 1.81-1.79 ( m, 3H,
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-CH;-), 1.49-1.27 ( m, 16H, -CH,- ), 0.90 ( m, 6H, -CH3 ). Anal. Calcd
for C47H47FO10: C, 71.38; H, 5.99. Found: C, 71.07; H, 6.16.

4-((3-(benzyloxy)phenoxy)carbonyl)phenyl 4-(nonyloxy)benzoate,8-1

L
HO OBn pceipmap/DeM /©)ko
CoH190

L4 kg 13 i e it &4 5-2(5g,25mmol) ~ 3-4

(7.68 9, 20 mmol) ~ ieLi* % DMAP (0.385g, 3.15 mmol ) - r2 2 DCC
(8.654 g, 41.67 mmol )F~ ¥+ 500 mL EFFFAFETF KL 16
EE S B30 F FHE o A 84% e

'H NMR (300 MHz, CDCl3) & (ppm) : 8.21 (d, J = 8.4 Hz, 2H, Ar-H ),

8.03 (d, J =8.4 Hz, 2H, Ar-H), 7.30-7.22 ( m, 8H, Ar-H ), 6.83-6.66 ( m,
5H, Ar-H ), 5.12 (s, 2H, -OCH,Ph ), 3.94 (t, J = 6.3 Hz, 2H, -OCH;- ),
1.69 (m, 2H, -CHy- ), 1.43-1.26 (m, 12H, -CH,- ), 0.96 (t, J = 6.3 Hz,
3H, -CHs).

4-((3-hydroxyphenoxy)carbonyl)phenyl 4-(nonyloxy)benzoate, 8-2
i 2L
0 /©)\o/©\osn _PdiCH, 0 /©)J\o OH
THF
o o
CoH100 CgH1O

g3 14800 o it 5% 8-1(109,17.7 mmol ) ¥ **

1000 mL EEsgsgp » 2 300 mL 7 THF 73 % » 4 » 15 % Pd/C (1.5
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g) BV A& § kIR ToF B overnight>- v ¢ FHE- A2 F 89% o

'H NMR (300 MHz, CDCl5) & (ppm) : 8.21 (d, J = 8.7 Hz, 2H, Ar-H ),

8.03 (d, J=8.7 Hz, 2H, Ar-H ), 7.30-7.21 ( m, 5H, Ar-H ), 6.92-6.62 ( m,
3H, Ar-H), 5.00 (s, 1H, -OCH,Ph ), 3.94 (t, J = 6.6 Hz, 2H, -OCH,- ),
1.69 (m, 2H, -CH,- ), 1.44-1.26 ( m,4H, -CH,- ), 0.96 (t, J = 6.6 Hz, 3H,
-CHs).

(R)-4-((3-((4-((4-(nonyloxy)benzoyl)oxy)benzoyl)oxy)phenoxy)carbon
yDphenyl 2-fluoro-4-(octan-2-yloxy)benzoate, 8-3

o /@\ o)
o) o o o F
4-7+ 82
DCC/DMAP/DCM (0] o) E
/:\/\/\/
CoHyg0 o’

Ea> 2 1-3 Hgpi e &It &5 8-2(5.679,11.9 mmol) ~4-7 (4.62
g, 11.9 mmol )~ &Lt & DMAP (0.18 g, 1.5 mmol )> 12 2 DCC (4.11 g,
19.8mmol) F % ** 500 mL BSEFAERETFE RS 16 P F

e d HHE AF 80%-

'H NMR (300 MHz, CDCl3) § (ppm ) : 8.25 (d, J = 8.4 Hz, 4H, Ar-H ),

8.13 (d,J=8.7 Hz, 2H, Ar-H), 7.99 (t, J = 8.7 Hz, 1H, Ar-H ),7.46 (t,
J=8.4Hz, 1H, Ar-H), 7.36 (d, J = 8.4 Hz, 4H, Ar-H ), 7.18 (m, 3H,

Ar-H), 7.13 (d, J = 8.7 Hz, 2H, Ar-H ), 6.75-6.64 (m, 2H, Ar-H ), 4.43
(m, 1H, -OCH- ), 4.03 (t, J = 6.5 Hz, 2H, -OCH,- ), 1.49-1.23 ( m, 26H,
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-CH,-), 0.87 ( m, 6H, -CH3 ). Anal. Calcd for Cs;HssFO4: C, 72.32; H,
6.55. Found: C, 73.19; H, 6.97.

pyridin-3-yl 4-(pentyloxy)benzoate, 9-1
X
I

)
OH o XN
DCC/DMAP/DCM
C5H110 C5H110

LA kg 13 #Ei o #eit £ 4 12 (2.47 g, 1.9 mmol ) ~

3-Hydroxypyridine(1.13 g, 11.9 mmol ) ~ - & DMAP (0.18 g, 1.5
mmol) > 22 DCC (4.11 g, 19.8mmol ) F ¥ > 500 mL FE5gAgp ¢

FETFERY 16 > @30 ¢ B ASF T0%

'H NMR (300 MHz, CDCl5) & (ppm) © 8.54 (m, 2H, Ar-H ), 8.12 (d, J
= 9.0 Hz, 2H, Ar-H ), 7.61 (m, 1H, Ar-H ), 7.45 (m, 1H, Ar-H ), 6.98 (m,
2H, Ar-H ), 4.05 (t, J = 6.6 Hz, 2H,-OCH- ), 1.83 (m, 2H, -CHy- ),
1.45-1.25 (m, 4H, -CH,- ), 0.94 (t, J = 7.0 Hz, 3H, -CHs). Anal. Calcd
for Ci7H1sNO3: C, 71.56; H, 6.71; N, 4.91. Found: C, 71.54; H, 7.00; N,
5.41.

pyridin-3-yl 4-(heptyloxy)benzoate, 9-2
| X
i HO/Q\I O[]

OH o XN
DCC/DMAP/DCM
C7H15() C7H15O
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Ea e 1-3 i o it &4 2-2(2.81g,11.9 mmol) ~
3-Hydroxypyridine(1.13 g, 11.9 mmol ) ~ i+ & DMAP (0.18 g, 1.5
mmol ) > 2 %2 DCC (4.11¢9,19.8 mmol) F & ** 500 mL BF5g 5P **

TETERY 16 ) @D ¢ HE o AKX T4%

'H NMR ( 300 MHz, CDCl5) & (ppm ) : 8.55 (m, 2H, Ar-H ), 8.14 (d, J

= 9.0 Hz, 2H, Ar-H ), 7.60 (m, 1H, Ar-H ), 7.39 (m, 1H, Ar-H ), 6.98 (m,
2H, Ar-H ),4.05 (t, J = 6.6 Hz, 2H,-OCH- ), 1.83 (m, 2H, -CH,- ),
1.45-1.25 (m, 8H, -CH,- ), 0.90 (t, J = 7.0 Hz, 3H, -CH5). Anal. Calcd
for C1gH2sNO3: C, 72.82: H, 7.40; N, 4.47. Found: C, 72.63; H, 7.40; N,
4.59.

pyridin-3-yl 4-(nonyloxy)benzoate, 9-3
| X
i Ho/<>N O [

OH o XN
DCC/DMAP/DCM
C9H190 C9H190

L& kg 13 8 - #1424 § 3-2(3.159, 11.9 mmol ) ~

7

3-Hydroxypyridine ( 1.13 g, 11.9 mmol ) ~ & & DMAP (0.18 g, 1.5
mmol ) - 2% DCC (4.119,19.8 mmol) F % ** 500 mL BEFEFLp >

FRTFEY 16 L BRe F HM AF T9%

'"H NMR ( 300 MHz, CDCl5) & (ppm ):8.53 (m, 2H, Ar-H ), 8.14(d, J =

9.0 Hz, 2H, Ar-H ), 7.59 (m, 1H, Ar-H ), 7.38 ( m, 1H, Ar-H ), 6.99( m,
2H, Ar-H ),4.05 (t, J = 6.6 Hz, 2H,-OCH- ), 1.83 ( m, 2H, -CH,- ),
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1.59-1.28 (m, 12H, -CH,- ), 0.87 (t, J = 7.0 Hz, 3H, -CH3). Anal. Calcd
for CoiHpNO;3: C, 73.87; H, 7.97; N, 4.10. Found: C, 73.49; H, 7.66; N,
4.13.

pyridin-3-yl 4-((4-(pentyloxy)benzoyl)oxy)benzoate, 9-4

HO =N

o)
o) /©)\0H o /©)J\o N
/©)Lo DCC/DMAP/DCM /@*o
CsHy O

CsH.,0

Ea e 1-3 #giLe it &4 1-4(3.9¢9,11.9 mmol) ~
3-Hydroxypyridine( 1.13 g, 11.9 mmol ) ~ i+ & DMAP (0.18 g, 1.5
mmol ) 2% DCC (4.119,19.8 mmol) F % *>* 500 mL g3 sgp >+

TERTERY 16 BRI EME AFTT%

'H NMR (300 MHz, CDCl5) § (ppm) : 8.55 (m, 2H, Ar-H ), 8.26 (d, J

=9.0 Hz, 2H, Ar-H ), 8.15 (d, J = 9.0Hz, 2H, Ar-H ), 7.62 ( m, 1H,
Ar-H ), 7.40-7.26 (m, 3H, Ar-H ),6.96 (d, J = 9.0 Hz, 2H, Ar-H ), 4.03
(t,J =6.5Hz,2H, -OCH,- ), 1.77-1.68 ( m, 2H, -CH,- ), 1.48-1.33 (m,
4H, -CH,-), 0.93 (t, J =7.1 Hz, 3H, -CH3). Anal. Calcd for Co4H23NOs:
C, 71.10; H, 5.72; N, 3.45. Found: C, 71.07; H, 6.11; N, 3.62.

pyridin-3-yl 4-((4-(heptyloxy)benzoyl)oxy)benzoate,9-5

o 0
HO N

0
o /©)\0H o /©)ko N
/@ALO DCC/DMAP/DCM /@Aj\o
CoH, 0
s C7H150
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gz 1.3 #i o #it &4 2-4(4.249,11.9 mmol ) -
3-Hydroxypyridine (1.13 g, 11.9 mmol ) ~ it &% DMAP (0.18 g, 1.5
mmol ) > 2 %2 DCC (4.119,19.8 mmol) F & ** 500 mL BF5g 5P **

TETR Y 16 [P @50 ¢ AR A S 82%

'H NMR (300 MHz, CDCls) & (ppm) : 8.57 (m, 2H, Ar-H ), 8.28 (d, J
=9.0 Hz, 2H, Ar-H), 8.16 (d, J=9.0 Hz, 2H, Ar-H ), 7.64 ( m, 1H,
Ar-H), 7.40-7.26 ( m, 3H, Ar-H ), 6.98 (d, J = 8.7 Hz, 2H, Ar-H ), 4.06
(t,J=6.6 Hz, 2H, -OCH,- ), 1.90-1.82 ( m, 2H, -CH,- ), 1.48-1.33
(m,8H, -CH,-), 0.91 (t,J =7.0 Hz, 3H, -CHj3). Anal. Calcd for
Ca6H27NOs: C, 72.04; H, 6.28; N, 3.23. Found: C, 71.96; H, 6.46; N, 3.52.

pyridin-3-yl 4-((4-(nonyloxy)benzoyl)oxy)benzoate, 9-6

Q I 1} o} =
Ho =N N
H ~
o 0 > /©)J\o
/@ALO DCC/DMAP/DCM o
CoH100

CgH,190

£ 1.3 gy o #iv &4 3-4(4.58(¢,11.9 mmol) ~
3-Hydroxypyridine ( 1.13 g, 11.9 mmol ) ~ & & DMAP (0.18 g, 1.5
mmol ) %2 DCC(4.11¢9,19.8 mmol) F ¥ ** 500 mL gspsgp »¢

FTRTFE X 16 L FRE F FH o A S 69%

'"H NMR ( 300 MHz, CDCl5) & (ppm) : 8.56 (m, 2H, Ar-H ), 8.29 (d, J

= 9.0 Hz, 2H, Ar-H), 8.15 (d, J = 9.0 Hz, 2H, Ar-H ), 7.64 ( m, 1H,
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Ar-H), 7.40-7.25 (m, 3H, Ar-H), 6.98 (d, J = 9.0 Hz, 2H, Ar-H ), 4.05
(t,J=6.5Hz, 2H, -OCH,-), 1.85-1.78 ( m, 2H, -CH,- ), 1.548-1.22
(m,12H, -CH.- ), 0.90 ( t, J = 6.3 Hz, 3H, -CHs). Anal. Calcd for
CasH31NOs: C, 72.86; H, 6.77; N, 3.03. Found: C, 72.85; H, 6.86; N, 3.22.
3-((4-((4-(nonyloxy)benzoyl)oxy)benzoyl)oxy)phenyl isonicotinate, 9-7

CoH150

Ea 3 xer 1.3 fgiy e Bit &% 35 (567 ¢g 119 mmol )~
Isonicotinic acid ( 1.46 g, 11.9 mmol ) ~ & & DMAP ( 0.18 g,
1.5mmol)> 123 DCC (4.11¢g,19.8 mmol ) F % ** 500 mL B3 #gp

4&%WTF}A%]16JEE§’]§'JW5F4]’E€" 72%

'H NMR (300 MHz, CDCl3) 5 (ppm ) : 8.86 (m, 2H, Ar-H ), 8.26 (d, J

= 8.7 Hz, 2H, Ar-H ), 8.13 (d, J = 9.0 Hz, 2H, Ar-H ), 8.00 (d, J = 8.7
Hz, 2H, Ar-H ), 7.64 (m, 1H, Ar-H ), 7.37-7.34 (m, 2H, Ar-H ),
7.24-7.19 (m, 3H, Ar-H ), 6.97 (d, J = 9.3 Hz, 2H, Ar-H ), 4.03 (t, J =
6.5 Hz, 2H, -OCH,- ), 1.42-1.20 ( m, 14H, -CH,- ), 0.87 (t, J = 6.3
Hz,3H, -CH3). Anal. Calcd for C3sH3sNO7: C, 72.27; H, 6.07; N, 2.41.
Found: C, 71.64; H, 6.32; N, 2.56.

(R)-methyl 4-(octan-2-yloxy)benzoate, 10-1
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O _ O

/©/U\0Me N0y W /©)J\OMe
HO o

DIAD/PPh3/THF

L3 E 8 44 # v oo ¥ & % benzyl 4-hydroxybenzoate
(4.47 g, 29.4 mmol ) ~ PPh; (8.89 g, 33.8 mmol ) 4c » 500 mL E5f+%
posde riE B3R THRE 3% 10 & 4&fs 4+ (S)-2-octanol (4.6 g, 35.2
mmol ) > ¥4~ 15 A 48754 » DIAD (8.9g44mmol ) &5 =z > -
wrle J HEE o AF T4%

'H NMR (300 MHz, CDCl3) & (ppm) : 7.10 (d, J = 8.7 Hz, 2H,Ar-H ),

6.87 (d, J=8.7 Hz, 2H, Ar-H ), 4.42 ( m,1H,-OCH), 3.88 ( s, 3H,
-OCHs), 1.71-1.57 (m, 2H, -CH,- ), 1.42-1.25 ( m, 11H, -CH,), 0.88 (t,
J=6.0 Hz, 3H, -CHs)

(R)-4-(octan-2-yloxy)benzoic acid, 10-2

O O
KOH / MeOH
OMe OH
\/\A)\O reflux VV\)\O

£k 12 #020 Bit &4 10-1(9.51 9, 36 mmol ) ~

KOH ( 6.06 g, 108 mmol ) 14 % if £ 3 % MeOH %> 500 mL [l
YeFgh o BFlG ¢ PR A% 94% e

'"H NMR ( 300 MHz, CDCl5) & ( ppm ) : 8.06 (d, J = 8.4 Hz, 2H, Ar-H),
6.92 (d, J=8.0Hz, 2H, Ar-H ), 4.05 (m, 1H, -OCH ), 1.78-1.58 ( m, 2H,
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-CH;), 1.44-1.26 ( m, 11H ,-CH,), 0.90 ( t, J = 6.0 Hz, 3H, -CH3) Anal.
Calcd for Cy15H,,03: C, 71.97; H, 8.86. Found: C, 71.34; H, 8.87.

(R)-benzyl 4-((4-(octan-2-yloxy)benzoyl)oxy)benzoate, 10-3

VV\)\O/Q)‘\ > HOQ)?OBH M)\

DCC/DMAP/DCM

&k 1-3 #g 0L o #1v &% 10-2(10.51 g, 42 mmol ) ~
benzyl 4-hydroxybenzoate ( 8 g, 35 mmol ) ~ #.i* & DMAP (0.65 g, 5.3
mmol )> 12 % DCC (14.5g, 70 mmol ) F % »* 500 mL EEFEFLP *+ %
BTERX 16 )P BRE ¢ A AF 87% -

'H NMR ( 300 MHz, CDCls) & (ppm ) : 8.14 (m, J = 8.7 Hz,4H, Ar-H ),
7.44-7.32 (m, 5H, Ar-H ), 7.27-7.25 (m, 3H, Ar-H ), 6.94 (d, J = 8.7 Hz,
oH, Ar-H ), 5.35 ('s, 2H, -OCH,-Ph ), 4.45 (m, 1H, -OCH ), 1.71-1.59
(m ,2H, -CH,), 1.42-1.25 ( m, 11H, -CH,), 0.88 (t, J = 6.0 Hz, 3H,
-CH3)

(R)-4-((4-(octan-2-yloxy)benzoyl)oxy)benzoic acid, 10-4

O

O OBn
/d PdIC H, 0 /©)J\OH
o (@]

Ea? 2Bl 4inekit &4 10-3(7.49,20mmol) % >+ 1000

mL gEsgFgp > 2 300mL = THF 3% > 4 » 15%Pd/C (1.119)

B A o Bd F kAT o F i overnightr #6 ¢ FE o A F 90% o
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'H NMR (300 MHz, CDCl3) & (ppm ) : 8.22-8.14 ( m, 4H, Ar-H ), 7.33
(d, J=8.4Hz, 2H, Ar-H ), 6.98 (d, J = 8.4 Hz, 2H, Ar-H ), 4.52 (m, 1H,
-OCH ), 1.79-1.60 ( m, 2H, -CH,), 1.39-1.32 ( m, 11H, -CH,), 0.91(t, J
= 5.7 Hz, 3H, -CH5) Anal. Calcd for Cx,Hy60s: C, 71.33; H, 7.07. Found:
C, 70.96; H, 7.11.

methyl 2-fluoro-4-(heptyloxy)benzoate, 11-1

F O F O

/©)J\0Me C;H;sBr / Acetone /©)J\0Me
NN
HO o

K5>CO3 / Kl / reflux

Ead e 1.1 iy o &t &4 4-3(11.05¢9, 65 mmol) % **
500 mL [f] & EFg ™ 0 4~ 250 mL o acetone R & #AAfE 0 £ 4
» K,CO3 (27.29,197 mmol) = KI (5.50,33 mmol ) » #4447 >
PR 18 M B F ~ 1-bromoheptane (14 g, 78mmol ) 4c#t 3 60 °C i /i >

Erd ¢ FA > A5 94% -

'H NMR (300 MHz, CDCl) & (ppm) : 7.86 (d, J = 9.0 Hz, 1H, Ar-H ),

6.69 (d, J =8.7 Hz, 1H, Ar-H ), 6.61 (d, J = 8.7 Hz, 1H, Ar-H ), 3.97 (t,
J=6.3 Hz, 2H, -OCH2- ), 3.87 (s, 3H, -OCH3), 1.77 (m, 2H, -CH,- ),
1.45-1.20 (m, 8H, -CH,- ), 0.87 (t, J = 6.3 Hz, 3H, -CHs).

2-fluoro-4-(heptyloxy)benzoic acid, 11-2
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F O F O
KOH / MeOH
OMe OH
NN reflux SN

L& xg 12 5000 it 2% 11-1(9.66 g, 36 mmol ) ~ KOH

(6.06 g, 108 mmol) 2 % if £:2 % MeOH %+ 500 mL [l & ‘&g

noER e S FHE o AF 93%

=

'H NMR (300 MHz, CDCl3) § (ppm) : 7.78 (d, J = 8.7 Hz, 1H, Ar-H),

6.86 (dd, J=8.7 Hz, 1H, Ar-H ), 6.80 ( dd, J = 8.7 Hz, 1H, Ar-H), 4.03
(t,J=6.7Hz, 2H, -OCH2-), 1.72 ( m, 2H, -CH,- ), 1.38-1.27 ( m, 8H,
-CH,-), 0.86 (t, J =6.7 Hz, 3H, -CH3). Anal. Calcd for C14H19FO3: C,
66.12; H,7.53. Found: C, 64.88; H, 7.50.

4-((benzyloxy)carbonyl)phenyl 2-fluoro-4-(heptyloxy)benzoate, 11-3

0 o)
F O @OBn
F (0] OBn
OH HO
NN DCC/DMAP/DCM 0
SN
(e}

£ 1-3 ggived-iv £4 11-2(10.68 g, 42 mmol ) ~benzyl

4-hydroxybenzoate ( 8 g, 35 mmol )~ it & DMAP (0.65 g, 5.3 mmol ) -
m% DCC (1459, 70mmol) F & > 500 mL EESEHsgp > 38T F

X 16 ] pF o (BFe F HE o AF 87 %o

'H NMR (300 MHz, CDCl5) § (ppm) : 8.11 (d, J = 8.7 Hz, 2H, Ar-H),

8.01 (t,J=8.4Hz, 1H, Ar-H), 7.44-7.34 (m, 4H, Ar-H ), 7.32-7.22 (m,
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2H, Ar-H), 6.74 (mdd, 1H, Ar-H ), 6.70 (m, 2H, Ar-H ), 5.35 (s, 2H,
-CH,Ph), 4.01 (t, J = 6.3 Hz, 2H, -OCH,- ), 1.77 (t, 2H, -CH,- ),
1.50-1.31 (m, 8H, -CH,- ), 1.02 (t, J = 6.3 Hz, 3H, -CH;).

4-((2-fluoro-4-(heptyloxy)benzoyl)oxy)benzoic acid, 11-4

O

Ea Bzl L4 o it &4 11-3(109,21.5mmol) % **
1000 mL gEggHgp 0 12 300 mL 0 THF 3 /2 > 4 » 15 % Pd/C (1.5

g) BiCH > d F AET ok B overnightr v ¢ FHEE > 2 F 90 %

'H NMR (300 MHz, CDCl3) § (ppm) : 8.17 (d, J = 8.7 Hz, 2H, Ar-H ),

8.14 (t,J=8.7 Hz, 1H, Ar-H), 7.32 (d, J = 8.7 Hz, 2H, Ar-H ), 6.77 ( m,
1H, Ar-H ), 6.68 (m, 1H, Ar-H ), 4.00 (t, J = 6.6 Hz, 2H, -OCH,- ), 1.86
(t, 2H, -CH,- ), 1.47-1.27 ( m, 8H, -CH,- ), 0.86 (t, J = 6.5 Hz, 3H,
-CH3). Anal. Calcd for C,H,3FOs: C, 67.37; H, 6.19. Found: C, 67.25; H,
6.39.
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4-((4-((benzyloxy)carbonyl)phenoxy)carbonyl)phenyl
2-fluoro-4-(heptyloxy)benzoate, 11-5

0
0
@OBn o) /©)J\OBn
HO F O )
11-4
DCC/DMAP/DCM /©)J\o
N N G
o)

&>z 1-3 5 e #it &5 11-4(7.99, 2lmmol ) ~ benzyl
4-hydroxybenzoate (4 g, 17.5 mmol ) ~ & % DMAP (0.33g, 2.7
mmol )> %2 DCC(7.259g,35mmol) f & *~ 500 mL EFpsgp »+ %

BTEIEY 16 ) pF o B0 d FE o A S 87 %

'H NMR (300 MHz, CDCl5) & (ppm): 8.21 (d, J = 8.4 Hz, 2H, Ar-H),

8.04-8.00 (m, 3H, Ar-H ), 7.34-7.17 (m, 9H, Ar-H ), 6.69-6.63 ( m, 2H,
Ar-H), 5.51 (s, 2H, -CH,PH ), 3.96 (t, J = 6.3 Hz, 2H, -OCH,- ), 1.71
(m, 2H, -CH,-), 1.36-1.24 (m, 8H, -CHa- ), 0.96 (t, J = 6.3 Hz, 3H,
-CHs).

4-((4-((2-fluoro-4-(heptyloxy)benzoyl)oxy)benzoyl)oxy)benzoic acid,
11-6

0
o) OH
PA/C H, . .
. F
11-5 THE
0
NN
0
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LA Eg 14450 o %t &4 11-3 (109, 17.1 mmol ) & *+
1000 mL #Esg#g A o 2 300 mL = THF i3 j » 4 » 15% Pd/C (1.5

g) BLiYE > e d F 43T > K & overnight ¥ e & FHE > 2 F 93 %

'H NMR (300 MHz, CDCl3) 5 (ppm): 8.26 (d, J=9.0 Hz, 2H, Ar-H),

8.18 (d,J=8.7Hz, 2H, Ar-H ), 8.04 (t, J =9.0 Hz, 1H, Ar-H),
7.39-7.32 ('m, 4H, Ar-H ), 6.82-6.68 (m, 2H, Ar-H ), 4.01 (t, J = 6.6 Hz,
2H, -OCH,- ), 1.45-1.24 ( m, 10H, -CH,- ), 0.88 (t, J = 6.5 Hz, 3H,
-CH3). Anal. Calcd for CogH,;FO7: C, 68.01; H, 5.50. Found: C, 67.55; H,
5.88.

benzyl 4-((4-((4-(heptyloxy)benzoyl)oxy)benzoyl)oxy)benzoate, 12-1

0
0
@OBn 0 OBn
HO
2-4 O o
DCC/DMAP/DCM /©)J\ o
N NG NG
o}

£ 1.3 ggive it £ 22-4(7.49 g, 21 mmol )~ benzyl

4-hydroxybenzoate (4 g, 17.5 mmol ) ~ &t & DMAP (0.33 g, 2.7
mmol )12 %2 DCC (7.259,35mmol ) F % > 500 mL Esgigp *t %

BETERY 16 P @R HM AF 83%-
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'H NMR (300 MHz, CDCl3) 8 (ppm): 8.21(d, J=8.4 Hz, 2H, Ar-H),

8.04 (m, 4H, Ar-H), 7.30-7.19 (m, 9H, Ar-H ), 6.92 ( m, 2H, Ar-H),
5.49 (s, 2H, -CH,PH ), 3.94 (t, J = 6.3 Hz, 2H, -OCH,- ), 1.71 (m, 2H,
-CH,-), 1.33-1.26 ( m, 8H, -CH,- ), 0.96 (t, J = 6.3 Hz, 3H, -CHs).

4-((4-((4-(heptyloxy)benzoyl)oxy)benzoyl)oxy)benzoic acid, 12-2
O
o) /©)\0H
Pd/C H,
12-1 ET— 0 /©)\o
-
SN

gz 1480 - #it &% 12-1(109, 17.7 mmol ) ¥ *¢
1000 mL gEgp#gp > 2 300 mL 1 THF 3 /% > 4e » 15%Pd/C (1.5

g) BitH > d F KA o KB overnight F e ¢ HEE > 2 F 93%

'H NMR (300 MHz, CDCl3) 6 (ppm ): 8.26 (d, J=8.7 Hz, 2H, Ar-H),
8.20-8.15 (m, 4H, Ar-H), 7.38-7.31 ( m, 4H, Ar-H ), 7.01-6.92 ( m, 2H,
Ar-H), 4.01 (t,J=6.5Hz, 2H, -OCH,-), 1.45-1.24 ( m, 10H, -CH,-),
0.88 (t, J=6.5Hz, 3H, -CHj3). Anal. Calcd for C,5H,507: C, 70.57; H,
5.92. Found: C, 70.54; H, 6.03.
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temperature(°C)
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sample name
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1
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