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Synthesis of Rectangular and

2,3-Difluorophenylethynylbiphenyl Liquid Crystals

Student : Yu-Tin Huang Advisor : Prof. Chain-Shu Hsu

Department of Applied Chemistry
National Chiao Tung University

Abstract

Three series of liquid crystals 'were:synthesized in this study. In the
first part of this study, a rectangular ligutd crystal, compound 8, with two
ethynyl groups and two exymethylene groups used to link to phenyl
groups and biphenyl groups. with the central phenyl core respectively
exhibits smetic phases. This UV-curable liquid crystal has potential
application in optical compensation film. In the second part of this study,
we aim to synthesize two series of negative liquid crystals with either
4-(alkylbiphenylethynyl)-2,3-difluoro-1-alkoxybenzene (compound
14a-14f) or  4-(alkylbiphenylethynyl)-2,3-difluoro-1-n-hexylbenzene
(compound 19a-19b) mesogenic core. All these two series of liquid

crystals show s nematic phase. The melting points of compound 14a-14f

are in the range of 86.8 to 119.5 °C while their isotropic temperatures

are in the range from 179.6 to 215.4 °C. Their mesogenic temperature

ranges cover from 78 to 110 degrees. The milting points of compound



19a and 19b are 43.9 °C and 74.8 °C respectively while their clearing

temperatures are 92 ‘C and 112 °C. Their mesogenic temperature ranges

cover from 36 to 57 degrees. They are suitable for formulating eutectic
mixture and for the applications in PDLC, reflective liquid crystal display,

and IR modulator.
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Table 1-1. ¥ & ez ;gb;#
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next most frequent unit
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O =~ o . o . 2
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Y O
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standard units
—OR
—OOCR
common units
—Cl
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NN

CH COOR
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—H —F

—N=C=0 —N=C=S§

—OH
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—HgCl
—Rs;

Table 1-2. # & chipl4a s
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—CN
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(tolane) % 2 fh> "2 L2 g A L kB A2 P 2 F TR IRIEE

R RFR SR RFERERE TR A D RRHAD -
CsHyy O — O F K 64 | 7
C5H11© = = @F K 86 N 89 I 8

C5H110@ = QCZHS K69 N 124 | 9

1990# » V. Percec®V% & 1t £ 410~ 112 £ & » e d 3t % =8 5k

AR F A 0 3 13 % S Al jRE AR g, o

C7HISO© - i \\_// = @OC7H15 10

C/gfocﬁ15 11

E R P A B e b B ST Wullg s 3

CrH150—X\ =

0
|
€
Il

[uf}

PR HA B S RE bk R KT M RF  RE S
B2 3 LLCHATH S ~cell B R fril R H P2 o 3 @25 7k
BHAEFEATE S B2 R &AW E o BT LW

G P L
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F F
[l s
@ AT EE A = —
WP G Ahe? e BB T A D Ae=Ae/~Aer>

SHAELEERERLSF AT T i B S HERT AE
B eipe G e d 48X M (Van Der Waal Volume ) =
S o e BE RER CARAR e X 7 5 AR Shost» ok F 7
T EHE o gttt ST, Wu PR * 30 3 454750 5 e fo & 3 50
ECBR 7 #05 » @ 424 Jpdr cnif 27 jhd TR Orila R T
FpEd o AFHRFTYEMELBAT ZtU33) WL L 1290130 B L L

SR ERE RAPIT 0 e 1t G F 13U BHIE R IRF 0 R S AP R 5 B

R F
)= )t 2
n= 3~6
R F
CnH2n+1
— 13
n=2~7
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AE VLN LB 144015 F RS r pART R G EA
APEGTE S 25 (T;) B A T MT % > 3 2 X tFie TR

fodp e B 0 L 3]110C 2 +

CeHys \_/ = '\\_//‘ = @CZHS K 134 N 191 | 14
CoHiz ™\ /—— N\ / — @Csz K 57 N 160 | 15
FHREZTERFRAFTRIEZANTR L =LA A AFH L &

N R A SERE B BT 0 B R AT R 8

E%#Eiﬂ&%@ﬁi e ijrﬁ”&”/ﬂ-&lﬁ 3@':3
RO‘C@ s —
\ / e/ F 16
F
Ro% =
N\ / — — N\ / F 17
A ) ) ==A =
F
==

2006# » AFT LA T L HG)
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el =

n=2~6
n=3~6
X Y
L =-COrevm »
X=Y=H, n=2~5
X=C 3 Y=H, n=2~5
X=H, Y=CHg3, n=3
X Y
sl =)L ovmn =
X=Y=H, n=3
X=F, Y=H, n=2
X=CHs, Y=H,n=2; 3, 4,6
X=H, Y=CHs; n=2,3

CEE B R Ralal S S R AR

$o BT ERR R & g RS

S

—N

ER TS E AT A 2 Rl A

Lo SRR R PRI 2 R

e B o BLE R R H A 2

=+ r
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H2n+1cnO

27
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F
e, S Wy S

m=2,3,4 n=4,5,6

R F

m=2,3
FomAL e - Ri A T oA kA P 4 RE
SRS SR P I S R R T 7. SR -
FI N2 Bk S A od KFN E P A A s AR

kA L TA T MR R K B o B R B A o
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2.1 #%
BoEk Y i 2 s WA Aldrich ~ Merck ~ Acros -

Lancaster ~ TCI ~ e 2 B3 20 @ 5 2 5% itm B did * o 975 7

o

B R p S frl R P 2 F o ®-ke & X m (tetrahydrofuran - THF) 14

i & J§ic'% > ¥ 4 ~ benzophenone Ap T A wF FEET R

PisZAF @ * o @-k- % 7 ‘2 (dichloromethane)R| 2 & it 4F 57 % >
BEFEETRI- P EENRY o

AF ST I ERE TN s s T E T ST Rt

%I Y T IR RE

221 ¥+ ¥= % ¥ & ( Nuclear Magnetic Resonance -
NMR)

i * Varian-300 MHz > & % $& i - 2 ¢ 12 d-chloroform 5 j% #| >

@ ¥ 1/ tetramethylsilane ¥ 2 6 =0.00 ppm 2 P IR HE > = B H

% ppme RFF AR L BE. s & HE(singlet) 0 d &7 - £

(doublet) » t # 7t = & * (triplet) > q % 7 = £ % (quartet) ' m % 7+ % &
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4% (multiplet) -

2.2.2 ¥ % B 48 % % (Polarizing Optical Microscope »

POM)

% * Zeiss Axiophot 7]k & B pcd o 3k B X 5 200 & - fe i B
ik o A0 * Mettler FP82 )38 B % FPOO A58 ki sL o A
PR FREBIITERY P HREIBEEE N T LD Dk

p SR G BATHIE (Ao FIAR & R R AR E 0 B oA B Bk 2 sk
il dt o @ BEom DEEFRRIZR o £ At BN R R RSk B R ds

M R R & E‘Eff FORSIEE o A is ¥ A POM ¢ AT

223 ¢ Kk & 47 ( Chromatography )

&% ¢ K % 47 (thin layer chromatography, TLC) % & * Merck 5735
DC Silica gel 60 F-254 3| #% #% & % o ¥ 4.¢ k& & 45 ( column
chromatography) 7 i¢ * Merck 7734 Kiesel gel 60 (70~230mesh)3| # %
AL E S S R A, A% TLC #,0 % £ (UVGL-25 )

B o
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2.2.4 Bk A ¥ 42 + 3+ ( Differential Scanning Calorimeter >

DSC)
iz * SEIKO SSC 6000 DSC % Computer/Thermal Analyzer >

TLAFEE AR TR o ¥ ¢b i@ * liquid nitrogen cooling accessory /4 £F & kL
BEMERE - FREFPFFES2~5mg > e # 2 4 frdhdy @ FART
EFMEEa g2 ERIED Lk SF AR FITEL 2
AR RBROERZ AR B R HERHRAPLATF R
R SRk LR A kA o b DSC B g3 30 A 4
AELN TR A T FAR-R AR R ng g o aru A e o d DSC Rl ¢

B arin R E 2 H s

31



OMe
OMe

Hs1Os, |2,
CH3OH

IDiOMe

| OMe

BBr4/CH,Cl,

-

OH

OH

- &

CIH2C CH.0OH

>

K2COs, Kl, acetone

IDiOCHz
|
3

CH,OH

&

OCH:

CH;OH

oo

C12H250
X
o8
(0 7
C12H250
C12H250

C12H250

Ci12H25Br, Kl
K2COs3, acetone

Broc12 Has
4

J’

OH

Pd(PPhs3)>Cl,
Cul, PPhs,
CH3CN/NEt3

o= D—{_)ocut

5

KOH,
1,4-dioxane

={ oo

Pd(PPhsz)2Cl>,
Cul, PPhg,"NEts

/©/CHZOH

O OCH:

OCH:

CH20OH

NJ'§

Cl

NEt3, CH2Cl2

Scheme 1 Synthesis of compound 8
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HIOg, I,
H,SO,4,AcOH
reflux

F F
1la~1l1le n=2~6
OH

J_

OH
K,COs,
l CmHom+1Br Pd(PPhz)2Cl>,
reflux PPhgz,Cul,
NEt3/CH3CN

F F
@OCmH2m+l HO, — O O CnHane1

9a~9¢ m=2~4 12a~12e n=2~6
H:lOg,
l5,CH30H KOH,
reflux 1 4-dioxane

reflux

E F

et + EX )< ern
10a~10c¢ m=2-4 13a~13e n=2~6

Pd(PPh3),Cl>,

PPhs,Cul,NEty/CHsCN

14a~14f m=2~4, n=2~6

Scheme 2 Synthesis of compounds 14a-14f
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R F
NaHCO,
I2, H20,

R F
15

1-Hexyne
Pd(PPh3)2Cl»
PPhj, Cul
NEt;3

R F
C4Hg%®N H,
16

Pd/C
Ha
methanol

R F
CeH 134<j>7'\l H>
17

conc. Hy,SO,

NaNO», Kl
H,O
R F
T S e
18 5a~5b, n=2~3
Pd(PPh3),Cl,
PPhg, Cul
NEt3/CH3CN
R F

19a~19b, n=2, 3

Scheme 3 Synthesis of compounds 19a-19b
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2.3 & A3 L
TR AAF 8 2 8242 B L scheme 1 k7% &H A+
l4a~14f 2. & = i 42.B] L scheme 2 » i* £ 4 19a~19b 2. & = ji 428 &

scheme 3 -

231 &34 82 &£
1,2-diiodo-4,5-dimethoxybenzene (1)

A % 8 T #-periodic acid (5.8 g » 25.4 mmol);% ** 38 mL methanol
P20 & 451 v » iodine (12.8.g250,4 mmol) > #+ 10 4 48(5 £ 4o
» Veratrol (§ mL > 62.8 mmol) > f %! § T #e ik ik 4 0] BF o Bpt FA
i)~ oo AR R S AR BN ATk 9 F FR T % methanol e 2
FeFT 0 s * ethyl acetate v & FHE IR W18 U R AL A HT R R 5
TE AR -6 F B AEM 17880 AF T2% -

8k 1 147°C o MS (GC-MS) m/z: 389 = 'H-NMR (CDCls;, TMS,

300 MHz): 6 7.21 (s, 2H, aromatic protons), 3.81 (s, 6H, -Ph-OCHs).

PC-NMR (CDCls, TMS, 75 MHz): § 150.30, 123.53, 101.42, 56.22 -

4,5-diiodobenzene-1,2-diol (2)

R e 250 mLEESEHFL Y 4e » 14 & $  1,2-diiodo-4,5-dimethoxy
benzene (1) (13.0 g 333 mmol) » # & 7 § F M H T E4F 3 xS >

35



#-4 -k dichloromethane*r » ot F JEHL ¥ o &-78 ‘C ™, i%jF + 4r » boron
tribromide (in dichloromethane) (100 mL > 100.00 mmol){s > & i3 %
FPohw DI F R 12 P PFELS o e FApk Y LR o Foru e pe
fork BT 5P~ 5 k£ 2 10 % HCIRB R gk 5 & L E K
& 4% 50 % “,’TT ko BIREES I FMA A4 > £ 14 acetone/hexane
BE o @K E ¢ ERE 0 103 g0 A% 85% o

w58k 1 130 °C « MS (GC-MS) m/z: 361 - "H NMR (CDCl;, TMS, 300
MHz): § 7.32 (s, 2H, aromatic protons), 5.33 (s, 20H, -Ph-OH). °C NMR

(CDCls, TMS, 75 MHz): ¢ 144.46,125:45, 95.70 «

1,2-di(4-((phenoxy)methyil(3;4-diiodo)phenoxy)methanol (3)

¥ 57 % 1250 mL B3R #% ¢ a4, 5-diiodobenzene-1,2-diol (2) (6.0
g 16.6 mmol) > potassium hydroxide (1.86 g>33.16 mmol) £ potassium
iodide (0.1 g » 0.30 mmol) » 733+ 125 mL {3 f# » 2§ F F 14 e i jn
Lol pFEiS £ e R i B B4 > (4-(chloromethyl) phenyl)methanol
(5.4 g> 348 mmol) > *F F T AvAik R 24 0] BF o MF FLAAPI R
BoRFC AR E N FEK B RRKE IRRIRKRM KB
Jafs TR FRe A e 0 25 ¢ LA 47 (EAmn-hexane=1:5) » % it 3
Hrle d FHE>9.68g° AF 97% -

+% 811152 °C > MS (GC-MS) m/z: 634> "H-NMR (CDCls, TMS, 300
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MHz): 6 7.37-7.29 (m, 8H, aromatic protons), 7.27 (s, 2H, aromatic
protons), 5.07 (s, 4H, -Ph-O-CH,-Ph), 4.67 (s, 4H, -Ph-CH,-OH).
PC-NMR (CDCl;, TMS, 75 MHz): § 159.60, 149.31, 135.48, 127.52,

127.06, 124.90, 96.76, 71.09, 64.92 -

4-Bromo-4’-dodecyloxy biphenyl (4)
i 250 mL BEFEFL Y %~ 4-bromo-4’-hydroxy biphenyl (5.0

g » 20.1 mmol) > potassium carbonate (7.0g > 50.2 mmol) £ potassium

4=

iodide (0.1 g > 0.30 mmol) > & 4r » 150 mL acetone * #-% F * /4 4v#t
Won Ll LS 0 0 4o R A B 4o X ] -bromododecane (5.5 g 0 22.1
mmol) > A F F T Ao SRgl2 | PR B RALAS AT R 0 P sk
FisE ~ FAR B RNEBRRT I ARIBN KiBRicEFIH
i & 5 15 5 8174 1k 47 (EAmn-hexane=1:5) » ¥ it £ B3| d ¢ 7
#810g A% 97%

¥ 8L 1 250 °C  MS (GC-MS) m/z:418 » 'H NMR (CDCls, TMS, 300

MHz): 6 7.54~7.40 (m, 6H, aromatic protons), 6.97~6.94 (d, 2H,
aromatic protons), 4.01~3.97 (t, 2H, -Ph-O-CH,-CH,-(CH,),-CHj5),
1.84~1.75 (m, 2H, -Ph-O-CH,-CH,-(CH,)y-CH3), 1.56- 1.27 (m, 18H,
-Ph-O-CH,-CH,-(CH,)os-CH3), 0.88 (t, 3H, -Ph-O-CH,-CH,-(CH,)s-CH3).
PC-NMR (CDCl;, TMS, 75 MHz): 6 139.8, 133.0, 132.2, 128.3, 127.9,
121.3, 115.8, 115.6, 68.9, 31.9, 30.2, 29.7, 29.6, 29.4, 29.3, 28.9, 26.0,
24.1,22.7,17.5,14.1, 11.7, 10.4.
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(4-dodecyloxybiphenyl)-2-methylbut-3-yn-2-ol  (5)

gk e 250 mLEEsEHL Y B ~ i £ % 4-Bromo-4’-dodecyloxy
biphenyl (4) (7.0 g 16.8 mmol) > triphenylphosphine (1.32 g 5.0 mmol) »
copper(I) iodide (0.5 g > 2.5 mmol) > 4r » 120 mL acetonitrile¥* 30 mL
triethylaminefs > %% # ™ 4v » Pd(PPh;),Cl, (0.47 g > 0.67mmol) > # %
F TAcE T N L] pFE{S 3 R 4 » 2-methylbut-3-yn-2-0l (1.8 g21.9

mmol)** § F TR E i 12 ] e BF R&A T 2R 0 iR

F o L i Hk H7(silica gel » EAMn-hexane=1:10) 5 * &% & it 15 {7
FIZFHE ¢ AR > 5948 & 584% -
5 8k 1 422 °C « MS (GC-MS) m/z:420 - "H NMR (CDCl;, TMS, 300

MHz): 6 7.52~7.43 (m, 6H, aromatic protons), 6.97~6.94 (d, 2H,
aromatic protons), 4.01~3.97 (t, 2H, -Ph-O-CH,-CH,-(CH,),-CH3;), 2.02
(br, 1H, -OH), 1.82~1.77 (m, 2H, -Ph-O-CH,-CH,-(CH,)y-CH3), 1.63 (s,
6H, -C(CH;),0H), 1.41~1.28 (m, 18H, -Ph-O-CH,-CH,-(CH,)s-CH3),
0.90~0.85 (t, 3H, -Ph-O-CH,-CH, -(CH,)s-CH3). "C-NMR (CDCls, TMS,
75 MHz): 6 159, 134.1, 132.5, 128.5, 120.8, 114.8, 94.1, 82.1, 68.1, 65.1,

31.7,29.6, 26.0, 22.6, 14.0.
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4-(dodecyloxy)-4’-ethynyl biphenyl (6)

R 250 mL EFE A B O~ 1 & ¥ 4-(4 (dodecyloxy)biphenyl)
-2-methylbut-3-yn-2-ol (5) (5.9 g » 14.1 mmol) > potassium hydroxide (1.6
g 283 mmol) £ 125 mL 1,4-dioxane ;& & {$ 28 ¥ Dean-Stark % % -

T i 12 ) PF o HF A4 ArD R EASRALD

=
o
ety

BEIEFAR S LR E e frs MR RE L RUERF 5P
A AR e R E F B0 G R RCRER R ICRE R o
Ksgis @R FMAR A 0 £ 02 F 1A 9 (silica gel » EA/n-hexane=1:5)
SRR HIEEI R T 463,80 A5 90.5% °

4 8L 1 235°C « MS (GC-MS) mi2:362 +'H NMR (CDCL, TMS, 300

MHz): 6 7.56~7.49 (m, -6H,: aromatic protons), 6.98~6.96 (d, 2H,
aromatic protons), 4.01~3.98"(t, 2H, -Ph-O-CH,-CH,-(CH,)y-CHj3), 3.11
(s, 1H, -C=C-H), 1.84~1.77 (m, 2H, -Ph-O-CH,-CH,-(CH,),-CH3),
1.45~1.19(m, 18H, -Ph-O-CH,-CH,-(CH,)s-CH3), 0.90~0.87 (t, 3H
-Ph-O-CH,-CH, -(CH,)s-CH3,). “C-NMR (CDCl;, TMS, 75 MHz): ¢
158.3, 140.5, 132.8, 132.4, 129.7, 129.2, 121.0, 114.9, 82.5, 68.1, 31.8,
29.6,29.3,25.9,22.7, 14.1.

(4,4°-(4,5-Bis(4’-dodecyloxy)biphenyl-1-yl)-1,2-phenylene)bis(me
-thylene)bis(4,1-phenylene)dimethanol (7)

R e 25 mL EFE ALY B~ 14 & 4 1,2-di(4-((phenoxy)methyl
-(3,4-diiodo)phenoxy)methanol (3) (3.2 g 5.3 mmol)’ triphenylphosphine
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(0.1 g 0.5 mmol) > £ copper(I) iodide (0.1 g~ 0.5 mmol) > 14 80 mL
acetonitrile £2 20 mL triethylamine;% f#{s » %% § * *v » Pd(PPh;3),Cl,
(04 g-> 05 mmol) > TE T3 F 4 ¢ W L] FERF >
4-(dodecyloxy)-4’-ethynyl biphenyl (6) (4.6 g> 12.8 mmol) > %% § *
FR 120/ F it @pr BALRBEIINEFBZR > Kk
e o AR rE 4R B O LR B 5 R AR
Frgok o RRSFE W I HAMA A S o £ L p R 7 (silica gel
EA/n-hexane=1:2) 5 #HpH L S EF D4z FMWM-291g A F 51 %-

MS (GC-MS) m/z:1071 23'H NMR:.(CDCl;, TMS, 300 MHz): ¢

7.69-7.31 (m, 10H, aromatic.protons); 7.41- (s, 2H, aromatic protons),
7.12 (s, 8H, aromatic protons), 6.96+~6:93 (d,-2H, aromatic protons), 5.17
(s, 4H, -OCH,-Ph-), 4.70 (s,4H, -Ph-CH,OH), 4.00~3.96 (t, 4H,
-Ph-OCH,-(CH,)0-CH3;), 2.09 (br, 1H, -Ph-CH,OH), 1.82~1.76 (m, 4H,
-Ph-O-CH,-CH,-(CH,)o-CH3), 1.66~1.26 (m, 36H, -Ph-O-CH,-CH,
(CH,)s- CH;), 0.89~0.84 (t, 6H, -Ph-O-CH,-CH, -(CH,)o- CH3). "C-
NMR (CDCl;, TMS, 75 MHz): 6 159.1, 149.3, 140.6, 136.7, 132.6, 128.2,

121.5, 119.6, 114.9, 70.9, 68.1, 31.9, 29.62, 26.0, 22.7, 14.1.

1,2-di(4-((4,5-di(3-(2-(4’-(dodecyloxy)biphenyl)ethynyl)phenoxy)
methyl) phenoxymethyl acrylate (8)

Wi SOmL ALY & O~ 1 2 F 1,2-di(d-((4,5-di(3-(2-(4'-
(dodecyloxy)biphenyl)ethynyl)phenoxy)methylphenoxymethanol (7) (2.9
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g » 2.7 mmol) > tricthylamine (1.1 g > 109 mmol) £ 20 mL
dichloromethane & » fr/kif ™ 124 kL ¥ M F » acryloyl chloride
(0.9mL>10.9mmol)ts »d O Cw F|F RS | FoF BEBLRIS
Mt RS T A » AR E e r L BUEF P G A L E K
B 4% 5T f koo Bk A & fe @I FHMA A S o £ E LR 45 (silica
gel> EA/n-hexane=1:4) 5 i# &% ¥ it (S @ 300 F ¢ A4k F148-1.03 g

A3 32% o

'H NMR (CDCl;, T™MS, 300 MHz): § 7.59~7.33 (m, 10H, aromatic
protons), 7.10 (s, 2H, aromatic protons), 6.96~6.93 (d, 4H, aromatic
protons), 6.48~5.82 (d, 2H; C=C:Hj), 6:42~5.85 (d, 2H, -C=C-H,),
6.21~6.15 (m, 2H, -C=0-CH-C=C), 5:18 (s, 4H, -Ph-CH, OH), 5.11 (d,
4H, -Ph-OCH,-Ph), 4.00~3.96 .(t,4H, -Ph-O-CH,-CH, (CH,)o-CHs;),
1.83~1.74 (m, 4H, -Ph-O-CH,-CH,-(CH,),-CH3), 1.42~1.26 (m, 36H,
-Ph-O-CH,-CH,-(CH,)s-CH3), 0.89~0.85 (t, 6H, -Ph-O-CH,-CH,-(CH,)s
-CH;). "C-NMR (CDCls, TMS, 75 MHz): J 185.7, 177.0, 159.0, 149.5,
140.6, 136.7, 132.5, 128.2, 121.54, 119.62, 114.9, 70.7, 68.1, 31.9, 29.6,

26.0,22.7, 14.0.
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232 it &% lda~14F 2. & =&

1-Ethoxy-2,3-difluorobenzene (9a)
1,2-Difluoro-3-propoxybenzene (9b)
1-Butoxy-2,3-difluorobenzene (9c)

™ 9a & ] 5 #- 2 3-difluorophenol ( 5.0 g » 38.4 mmol )§r potasium

carbonate (10.6 g > 76.9 mmol)*x » 250 mL 2. EFE#L» » 2 75mL [3

S

AR & 18 g F T de#iw it 30 4 480 % M4 ~ bromoethane (8.4 g >
76.9 mmol) » #FH F F B RE i 48 P o F BRGS0 EiE
kg Mo e A REE R B Aok MR RFIRT 18
Foo &rlmoRERphidick 2 SURSEISE AR J R 060 g0 A F
99% ° 9b » 9¢ 1 & #ﬂﬁ%'fr@a#ﬁﬂ?’ °

9a -4 % 99%o MS (GC-MS) m/z:158= "H NMR (CDCl;, TMS, 300

MHz): 6 6.92~6.84 (m, 1H, aromatic proton), 6.70~6.61 (m, 2H, aromatic
protons), 4.07~4.00 (q, 2H, -Ph-O-CH,-CH3), 1.37~1.34 (t, 3H, -Ph-O
-CH,-CHj3). *C NMR (CDCls, TMS, 75 MHz): d 153.98, 149.71, 142.46,

122.97, 109.19, 65.18, 14.55 -

9b - & & 99% o MS (GC-MS) m/z:172 - '"H NMR (CDCl;, TMS, 300

MHz): 6 6.98~6.90 (m, 1H, aromatic proton), 6.76~6.68 (m, 2H, aromatic
protons), 4.00~3.95 (t, 2H, -Ph-O-CH,-CH, -CH;), 1.89~1.77 (m, 2H,
-Ph-O-CH,-CH,-CH3), 1.06~1.01 (t, 3H, -Ph-O-CH,-CH,-CH;). “C
NMR (CDCl;, TMS, 75 MHz): 6 151.37, 149.77, 141.39, 123.05, 109.69,
108.76, 71.17, 22.55, 10.23
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9¢c - & & 99% MS (GC-MS) m/z:186- 'H NMR (CDCl;, TMS, 300

MHz): 6 6.95~6.89 (m, 1H, aromatic proton), 6.76~6.68 (m, 2H, aromatic
protons), 4.09~4.00 (t, 2H, -Ph-O-CH,-CH, -CHj), 1.83~1.73 (m,
-Ph-O-CH,-CH,-CH,-CHj3;), 1.52~1.45 (m, 2H, -Ph-O-CH,-CH,-CH,
CH,), 0.99~0.94 (t, 3H, -Ph-O-CH,-CH,-CH,-CH;). °C NMR (CDCl;,
TMS, 75 MHz): 0 149.90, 148.86, 141.43, 123.03, 109.74, 108.83, 69.49,

31.15,19.08, 13.73 -

1-Ethoxy-2,3-difluoro-4-iodobenzene (10a)
2,3-Difluoro-1-iodo-4-propoxybenzene (10b)
1-Butoxy-2,3-difluoro-4-iedobenzene (10c)

" 10a & &) > #-periodic lacid (3.2°g »-13.9 mmol);3 >+ 20 mL 2
methanol ® > #& % § 7 A HE200% 455 4 ~ iodine (7.1 g 27.8
mmol) » #5410 4 4578 £ 20 '~ 1-Ethoxy-2,3-difluorobenzene (9a)
(5.5g>348mmol) > % F F TAcERIL 12 o KRS > KA
frikdg o 1L Efrdr frar R ARG KB R TR B ke fog V4K
it Wk o Xl moREmpiE iR 2 o WiRIRNER > BiFER I R
-,985g° &A% 99% - 10b > 10c e & = F e 10a 1p = o

10a -& % 99%  MS (GC-MS) m/z:285 - 'H NMR (CDCls, TMS,

300 MHz): 0 7.37~7.31 (m, 1H, aromatic proton), 6.57~6.51 (m, 1H,
aromatic proton), 4.11~4.04 (q, -Ph-O-CH,-CH;), 1.45~1.40 (t, 3H,
-Ph-O-CH, -CH3). "C NMR (CDCls, TMS, 75 MHz): ¢ 150.98, 148.91,
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141.16, 131.87, 111.38, 65.82, 15.60.
10b -Z & 4 99%° MS (GC-MS) m/z:299- 'H NMR (CDCl;, TMS,

300 MHz): 0 7.34~7.28 (m, 1H, aromatic proton), 6.56~6.49 (m, 1H,
aromatic proton), 3.96~3.92 (t, 2H, -Ph-O-CH,-CH,-CHj3), 1.83~1.77 (m,
2H, -Ph-O-CH,-CH,-CHj3), 1.02~0.98 (t, 3H, -Ph-O-CH,-CH,-CH;). °C
NMR (CDCl;, TMS, 75 MHz): 6 150.82, 149.11, 141.04, 131.78, 111.33,
71.26,70.44,22.33, 10.21.

10c -A % 5 99%° MS (GC-MS) m/z:312- 'HNMR (CDCl;, TMS,
300 MHz): 0 7.34~7.30 (m, 1H, aromatic proton), 6.59~6.50 (m, 1H,
aromatic proton), 4.01~3.97 (t, 2H, -Ph-O-CH,-CH,-CHj3), 1.81~1.72 (m,
-Ph-O-CH,-CH,-CH,-CH3,), 1:54~1.46:+(m, 2H, -Ph-O-CH,-CH,-CH,
-CH3), 0.98~0.93 (t, 3H, -Ph -O-CH»~CH,-CH,-CH;). °C NMR (CDCl;,
TMS, 75 MHz): 0 150.83,:149.17,:141.10, 131.81, 111.35, 70.46, 69.58,
31.00, 19.03, 13.69.

4-Ethyl-4’-iodobiphenyl (11a)
4-l1odo-4’-propylbiphenyl  (11b)
4-n-Butyl-4’-iodo biphenyl (11c)
4-lodo-4’-n-pentyl biphenyl (11d)
4-n-Hexyl-4’-iodo biphenyl (11e)

71l B 0 250 mLz EESEFLY % ~ iodic acid (163 g, 71.3
mmol)2_ /kfi# £ (60.4 mL) ¥ »+: i F #4E 20 A 48 4 » L/H,0 (27.1
g 107.0 mmol > Z A5 K 25mL) > 3 E T 15 2481 > & B4 » K

Fifik (1 mL)% 4-butyl biphenylz carbon tetrachloride:s /% (25 g
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118.87 mmol » CCly 5.6 mL) > % § § T 4c#ze it 12 ] FF o & BB &
(6 HORNEA IS 0 e pE e {opt ARG KR R TR B 0 ik
fra 4 -RBIRGET BE > T R CR L 0 BT RS
T RRRETR UMK o BRI f B MR BARM L ricEe
Ho & FE 342 g0 A F 86% o 1la~ 11b ~ 11dfr e é r&ﬂt,%ﬂ}r
llctp e o

1la— %3 81 120°C - & % 88% o MS (GC-MS) m/z:308 - '"H NMR

(CDCl;, T™MS, 300 MHz): 6 7.73~7.46 (d, 2H, aromatic protons),
7.76~7.48 (m, 2H, aromatic protons), 7.33~7.25 (m, 4H, aromatic
protons), 2.73~2.64 (qs® 2Hy1<Ph-CH,-CH;), 1.30~1.24 (t,
3H, —Ph-CH,-CH;). °C NMR (CDCls; TMS, 75 MHz): ¢ 143.93, 140.67,
137.76, 137.40, 128.84, 12842 -126.80,92.59, 28.51, 15.54.

11b -2 8L 1 132°C = & & % '89%'c MS (GC-MS) m/z:322 - "H NMR

(CDCl;, T™MS, 300 MHz): o 7.76~7.48 (d, 2H, aromatic protons),
7.73~7.45 (m, 2H, aromatic protons), 7.34~7.23 (m, 4H, aromatic
protons), 2.65~2.60 (t, 2H, -Ph-CH,-CH,-CH;), 1.72~1.59 (m,
2H, —Ph-CH,-CH,-CH3), 1.00~0.95 (t, 3H, —Ph-CH,-CH;). °C NMR
(CDCl;, TMS, 75 MHz): ¢ 142.37, 140.66, 137.75, 137.56, 129.01,
128.82, 126.68, 92.58, 37.67, 24.50, 13.85.

1lc-"3 B 1 144°C o & & 86% o MS (GC-MS) m/z:336 - 'HNMR

(CDCl;, TMS, 300 MHz): o 7.74~7.46 (d, 2H, aromatic protons),
7.72~7.43 (d, 2H, aromatic protons), 7.32~7.28 (m, 4H, aromatic protons),
2.65~2.60 (t, 2H, —Ph-CH,-CH,-CH,—CHj), 1.66~1.56 (m,
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2H, -Ph-CH,-CH,-CH, -CH;), 1.42~1.32 (m, 2H, —Ph-CH,-CH,
CH,-CHj), 0.95~0.90 (t, 3H, —Ph-CH,-CH,-CH,-CH3). °C NMR (CDCl;,
TMS, 75 MHz): § 142.20, 140.08, 137.75, 136.88, 128.96, 128.83,

126.70, 92.60, 35.28, 33.59, 22.37, 13.95 -
11d-5 81 155°C £ % & 86% » MS (GC-MS) m/z:350 » 'H NMR

(CDCl;, TMS, 300 MHz): o 7.77~7.46 (d, 2H, aromatic protons),
7.74~7.43 (d, 2H, aromatic protons), 7.35~7.21 (m, 4H, aromatic protons),
2.64~2.59 (t, 2H, -Ph-CH,-CH,-CH,—CH,-CHj), 1.62~1.53 (m,
2H, —Ph-CH,-CH,-CH,-CH,-CH3), 1.34~1.30 (m, 4H, —Ph-CH,-CH,
(CH,),-CHj3), 0.92~0.88 (t, 3H, —Ph-CH, -CH,-(CH,), -CH;). °C NMR
(CDClL;, TMS, 75 MHz): ¢ .142.65,7140.66, 137.96, 137.74, 128.95,

128.82,126.70, 92.57, 35.56, 31.51;31.13, 22.53, 13.98 -

1le -% 21 168 °C » & % 5487:2% = MS (GC-MS) m/z:364 - 'H NMR

(CDCl;, TMS, 300 MHz): o "7.73~7.46 (d, 2H, aromatic protons),
7.71~7.44 (d, 2H, aromatic protons), 7.31~7.21 (m, 4H, aromatic protons),
2.64~2.59 (t, 2H, -Ph-CH,-CH,-(CH,);-CH3;,), 1.64~1.57 (m, 2H,
-Ph-CH,-CH,-(CH,);-CH3), 1.37~1.26 (m, 6H, -Ph-CH,-CH,-(CH));
CH;), 0.92~0.85 (t, 3H, -Ph-CH,-CH,-(CH,);-CH3). °C NMR (CDCl;,
TMS, 75 MHz): 6 142.66, 140.68, 137.76, 137.31, 128.95, 128.83,
126.90, 92.57,35.61, 31.72, 31.42, 29.01, 22.60, 14.09.

4-(4’-ethylbiphenyl-4-yl)-2-methylbut-3-yn-2-ol (12a)
2-Methyl-4-(4’-propylbiphenyl-4-yl)but-3-yn-2-ol  (12b)
4-(4’-butylbiphenyl-4-yl)-2-methylbut-3-yn-2-ol (12c)
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2-methyl-4-(4’-pentylbiphenyl-4-yl)but-3-yn-2-ol (12d)
4-(4’-hexylbiphenyl-4-yl)-2-methylbut-3-yn-2-ol (12e)

™o 12¢ & | > # 4-n-butyl-4’-iodobiphenyl (11c) (25 g - 74.4
mmol) > triphenylphosphine (2.0 g* 7.4 mmol) » copper(I) iodide (1.4 g »
7.4 mmol)£ Pd(PPh;),Cl, (5.2 g 7.4 mmol)+c » %5 240 mL acetonitrile
2 60 mL triethylamine (v/v=4:1) 2 B 55 2 ° > ¥ & F »
2-methylbut-3-yn-2-01 (6.9 g > 81.8 mmol) » >** F§ T § & & 12 /]
Bre R ARG F BAS BEL RGP Sk
eridedog LRI RE C RUEE R B Aoy VA CRBIRFIET
Wh T E KRS SR FI AN REAY > L
& 17 (silica gel » EA/n-hexane= L:10) 5 o #g i ¥ it {5 > rin-hexane:i& {7
ERdh T3¢ FM - 17.83 g2 A5 82 % 12a~ 12b ~ 12d4r 12¢
RN Jﬁﬁﬁr 12ctp & o

12a %3 21283 °Co & & % 85%°MS (GC-MS) m/z:278- 'H NMR

(CDCl;, TMS, 300 MHz): 6 7.55~7.45 (m, 6H, aromatic protons),
7.29~7.26 (d, 2H, aromatic protons), 2.74~2.66 (t, 2H, -Ph-CH,-CHj;),
2.05 (br, 1H, -C(CH;),-OH), 1.64 (s, 6H, - C(CH3),0H), 1.30~1.25 (t, 3H,
-Ph-CH, -CH;). °C NMR (CDCl;, TMS, 75 MHz): ¢ 143.87, 140.94,
137.66, 132.01, 128.37, 126.91, 126.72, 121.27, 94.23, 82.10, 65.68,
28.51, 15.55.

12b -4 8L 1299 °C o & & % 86% o MS (GC-MS) m/z:264 - "H NMR
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(CDCl;, TMS, 300 MHz): 6 7.54~7.45 (m, 6H, aromatic protons),
7.26~7.23 (d, 2H, aromatic protons), 2.65~2.60 (t, 2H,
-Ph-CH,-CH,-CHj3), 2.05 (br, 1H, -C(CHj), -OH), 1.71~1.61 (m, 2H,
-Ph-CH,-CH,-CH3), 1.64 (s, 6H, -C(CH;),OH), 0.99~0.94 (t, 3H,
-Ph-CH,-CH;). °C NMR (CDCl;, TMS, 75 MHz): 6 142.32, 140.95,
137.63, 132.01, 128.97, 127.00, 126.70, 121.26, 94.23, 82.10, 65.68,
37.68, 31.52,24.52, 13.84.

12¢ %% BE 2 305 °C o & & 82 % o MS (GC-MS) m/z:292 - 'HNMR

(CDCl;, TMS, 300 MHz): 6 7.67~7.60 (m, 6H, aromatic protons),
7.26~7.14 (d, 2H, aromatic protons), 2.59~2.54 (t, 2H, -Ph-CH,-CHs),
2.24 (br, 1H, -C(CHj;),0OH), 1.65+1.60 (m, 2H, -Ph-CH, -CH,-CH,-CH3),
1.44 (s, 6H, - C(CH;),0H),:1.33~1:29(m, 2H, -Ph-CH,-CH, -CH,-CHj;),
0.88~0.84 (t, 3H, -Ph-CH,=CH,-CH,~CH3). ©C NMR (CDCl;, TMS, 75
MHz): 6 142.49, 140.87, 137.51,,132:29, 129.07, 126.76, 126.65, 94.23,

82.05, 65.63, 35.23, 33.55, 31.12, 30.98, 22.33, 13.91 -
12d -5 81321 °C+ & % 5 85% MS (GC-MS) m/z:306° '"HNMR

(CDCl;, TMS, 300 MHz): 6 7.54~7.42 (m, 6H, aromatic protons),
7.23~7.21 (d, 2H, aromatic protons), 2.64~2.59 (t, 2H, -Ph
CH,-CH,-(CH,),-CH3), 2.04 (br, 1H, -C(CH;),OH), 1.67~1.51 (m,
2H, —Ph-CH,-CH,-(CH,),-CH3), 1.61 (s, 6H, -C(CH;),0OH), 1.34 ~1.30
(m, 4H, —Ph-CH,-CH,-(CH,),-CH3;), 0.90~0.86 (t, 3H, —Ph-CH,-CH,
-(CH,),-CH3). *C NMR (CDCl;, TMS, 75 MHz): § 142.58, 140.96,
137.64, 132.33, 129.21, 127.06, 126.80, 94.07, 82.03, 65.68, 35.56.31.51,

31.14,31.03, 26.57, 22.53, 14.02 -
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12¢ %3 81331 °Co & % % 87%° MS (GC-MS) m/z:320- 'HNMR

(CDCl;, TMS, 300 MHz): 6 7.53~7.44 (m, 6H, aromatic protons),
7.24~7.22 (d, 2H, aromatic protons), 2.65~2.60 (t, 2H, -Ph-CH,
CH,-(CH,);-CHj3), 2.00 (br, 1H, -C(CH3),0OH), 1.64~1.57 (m, 6H for

-C(CH3),0H » and 2H for —Ph -CH,-CH,-(CH,);-CHs), 1.37~1.26 (m, 6H,

-Ph-CH,-CH,-(CH,);-CHs), 0.89~0.85 (t, 3H, -Ph-CH,-CH,~(CH,);-CHs).
3C NMR (CDCl;, TMS, 75 MHz): § 142.60, 140.93, 137.56, 132.00,
128.91, 126.80, 126.70, 121.22, 94.19, 82.10, 65.68, 35.60, 31.72, 31.51,

31.44,29.01, 22.61, 14,10 -

4-Ethyl-4’-ethynylbiphenyl (13a)

4-Ethynyl-4’-propylbiphenyl (13b)

4-Butyl-4’-ethynylbiphenyl (13c)
4-Ethynyl-4’-pentylbiphenyl (13d)
4-Ethynyl-4’-hexylbiphenyl (13e)

72 13c L oG]0 2t EgE e 250 mL BEIEALY B O~ & 4-
(4'-butylbiphenyl-4-yl)-2-methylbut-3-yn-2-ol (12¢) (10.0 g > 34.2 mmol
) > potassium hydroxide (3.8 g » 68.5 mmol) £ 130 mL 1,4-dioxane /&
£ 1528 % Dean-Stark % ¥ > 2§ F TAc BRI 12 ) o F BE L
FRALIZREERT kMg Mo paafcs BLEeFss L4
#% ",f SRR e R BB 5 A KRR SR R SET B - B

Be A 5 > B g 4R 47 (silica gel » EA/n-hexane=1:5) % i* #& /% & 1
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SR S EA > 726 g0 A% 90 % o 13a~ 13b ~ 13d 4r 13e e =&
-J-F},ﬂ’li'fr' 13c 4p & ©
13a %3 21 129°C » & & 5 90% o MS (GC-MS) m/z:206 - 'H NMR

(CDCl;, TMS, 300 MHz): 6 7.51~7.40 (m, 6H, aromatic protons),
7.22~7.18 (d, 2H, aromatic protons), 3.04 (s, 1H, -C=C-H), 2.66~2.59 (q,
2H, -Ph-CH, -CH;), 1.23~1.18 (t, 3H, -Ph-CH,-CH3). °C NMR (CDCl;,
TMS, 75 MHz): 6 143.97, 141.54, 137.59, 132.51, 128.40, 126.96,
126.80, 120.61, 83.63, 28.52, 15.54.

13b-%3 8.:141 °C> & % % 91.5%°MS (GC-MS) m/z:220 - '"H NMR

(CDCl;, TMS, 300 MHz): 6 7.55~7.49 (m, 6H, aromatic protons),
7.28~7.25 (d, 2H, aromatic protons)y3:12 (s, 1H, -C=C-H), 2.66~2.61 (t,
2H, -Ph-CH, -CH,-CH3s,), -1.74~1.63 (m, 2H, -Ph-CH, -CH,-CH,-CH,),
1.00~0.96 (t, 3H, -Ph-CH,-CH»-CH>-CH,).°C NMR (CDCls, TMS, 75
MHz): 6 142.42, 141.53, 137.56,132.50, 128.99, 126.81, 120.60, 83.63,
37.67,24.50, 13.84.

13¢c =% BE 1 155°C & & 90 % o MS (GC-MS) m/z:234 - '"HNMR
(CDCl;, TMS, 300 MHz): 6 7.47~7.40 (m, 6H, aromatic protons),
7.20~7.17 (d, 2H, aromatic protons), 3.04 (s, 1H, -C=C-H), 2.60~2.55 (t,
2H, -Ph-CH, -CH,-CH3;), 1.59~1.49 (m, 2H, -Ph-CH,-CH,-CH,-CHs),
1.35~1.21 (m, 2H, -Ph-CH,-CH,-CH,-CHj), 0.89~0.85 (t, 3H,
-Ph-CH,-CH,-CH,-CH3). ”C NMR (CDCl;, TMS, 75 MHz): 6 142.65,
140.08, 137.51, 133.59, 128.69, 126.77, 120.58, 83.63, 77.49, 33.59,

32.72,22.31,13.95 -
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13d -5 B : 169 °C > & F 5 89% ° MS (GC-MS) m/z:248 - 'H NMR

(CDCl;, TMS, 300 MHz): 6 7.55~7.45 (m, 6H, aromatic protons),
7.25~7.17 (d, 2H, aromatic protons), 3.10 (s, 1H, -C=C-H), 2.65~2.60 (t,
2H, —Ph-CH,-CH,-(CH,),-CH3), 1.64~1.60 (m, 2H, —Ph-CH,-CH,-(CH,),
CH;), 1.35~1.27 (m, 4H, —-Ph-CH,-CH,-(CH,),-CH3), 0.90~0.86 (t,
3H, —Ph -CH,-CH,-(CH,),-CHs). °C NMR (CDCl;, TMS, 75 MHz): 6
142.54, 141.37, 137.34, 132.39, 128.60, 126.73, 120.51, 83.54. 77.59,

31.41,31.02,28.16, 22.44, 13.95 -
13 %3 21 180 °C » & & 5 90% o MS (GC-MS) m/z:262 - "H NMR

(CDCl;, TMS, 300 MHz): 6 7.50~7.41 (m, 6H, aromatic protons),
7.20~7.17 (d, 2H, aromatic protons), 3.04 (s, 1H, -C=C-H), 2.60~2.54 (t,
2H, -Ph-CH,-CH,-(CH,);-€H3), 1.62~1.52. (m, 2H, -Ph-CH,-CH,-(CH,);
CH;), 1.33~1.18 (m, 6H, =Ph-CH,-CH,-(CH,);-CH), 0.84~0.80 (t, 3H,
-Ph-CH,-CH, -(CH,);-CH;). "€ NMR.(€DCl;, TMS, 75 MHz): J 142.70,
141,53, 137.50, 132.49, 128.93, 126.85, 126.78, 120.57, 83.63, 77.56,

35.61,31.72,31.43, 29.69, 22.60, 14.09 -

4-Butyl-4'-((4-ethoxy-2,3-difluorophenyl)ethynyl)biphenyl (14a)
4-((4-Ethoxy-2,3-difluorophenyl)ethynyl)-4'-hexylbiphenyl (14b)
4-Butyl-4'-((2,3-difluoro-4-propoxyphenyl)ethynyl)biphenyl(14c)
4-((2,3-Difluoro-4-propoxyphenyl)ethynyl)-4'-hexylbiphenyl(14d)
4-((4-Butoxy-2,3-difluorophenyl)ethynyl)-4'-pentylbiphenyl(14e)
4-((4-Butoxy-2,3-difluorophenyl)ethynyl)-4'-hexylbiphenyl(14f)

™ 14a % &) > #- 1-Ethoxy-2,3-difluoro-4-iodobenzene (10a) (3.0 g °
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11.2 mmol) > copper(I) iodide (0.4 g 2.2 mmol)# triphenylphosphine (0.6
g 2.2 mmol) ¥ ** 250mLz ¥ ® > 2 5 mL acetonitrile®? 60 mL
tricthylamine;% f% 1 » % & # T i 4c » Pd(PPh3),Cl, (1.6 g - 2.2
mmol) » FE T F F ¢ WA 20 ~ 4818 0 FMF ~ 4-Butyl4-
ethynylbiphenyl (13c) (2.9 g > 12.3 mmol)Z acetonitrile; ;% 10 mL » %
FRTUEUFFFRBI2PF - FRREAE > BBRPF ER - VTR
g E o kGRS 0 L Rrt ok M ARK B RRT B KK
Lo BUER P 5 ik ok ek RFET A TR
KERRLAE I 2 0 B Tk & f6 > B 78 & 17 (silica gel > n-hexane)
#7118 F 48 1 n-hexane:& (TR B WEimtRis ¥ F FEE 142027 g
A 5 61.8% ° 14b ~ 14c ~ 14d&14e20F S Z2 &2 1dafp I o

14a -# 5 61.8% - HRMS of C26H240F2: calcd: 390.1795, found:

390.1795  'H-NMR(CDCl;, TMS, 300 MHz): § 7.57~7.24 (d, 2H,

aromatic protons), 7.52~7.25 (m, 6H, aromatic protons), 7.21~7.16 (d, 1H,
aromatic protons), 6.89~6.67 (m, 1H, aromatic proton), 4.17~4.10 (q, 2H,
-Ph-O-CH,-CH;), 2.66~2.61 (t, 2H, -Ph-CH,-CH,-CH, -CH3;), 1.68~1.57
(m, 2H, -Ph-CH,-CH, -CH,-CH3;), 1.51~1.46 (t, 3H, -Ph-OCH,-CH,),
1.43~1.36 (m, 2H, -Ph-CH,-CH,-CH, -CHj3) , 0.95~0.90 (t, 3H,
-Ph-CH,-CH,-CH,-CH;).?C-NMR(CDCl;, TMS, 75 MHz): & 153.3,
150.0, 142.6, 141.2, 139.8, 132.9, 131.2, 128.9, 128.6, 127.0, 126.8,

121.4,111.4,109.0, 93.8, 65.4, 35.3,33.6 » 22.4, 14.7, 13.9.
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14b -2 & 5 59% - HRMS of C28H280F?2: calcd: 418.2108, found:

418.2105 » 'H-NMR(CDCl;, TMS, 300 MHz): § 7.57~7.49 (m, 6H,

aromatic protons), 7.26~7.24 (d, 2H, aromatic protons) , 7.21~7.16 (m,
1H, aromatic proton), 6.71~6.66 (m, 1H, aromatic proton) , 4.16~4.09 (q,
2H, -Ph-OCH,-CH3;) , 2.66~2.61 (t, 2H, -Ph-CH,-CH,-(CH,);-CH3;) ,
1.66~1.59 (m, 2H, -Ph-CH,-CH, -(CH,);-CH;) , 1.46~1.41 (t, 3H,
-Ph-OCH,-CH;) , 1.33~1.25 (m, 6H, -Ph -CH,-CH,-(CH,);-CHs),
0.91~0.87 (t, 3H, -Ph-CH,-CH,-(CH,);-CH;). *C-NMR(CDCls, TMS, 75
MHz): 6153.3, 150.9, 142.9, 141.2, 137.5, 132.0, 127.1, 126.9, 121.3,
109.0, 105.6, 93.7, 65.4, 35.6,31.7, 31.4, 29.0, 22.6, 14.6, 14.1.

ldc -A2 F 5 60% - HRMS of C27H260F2: calcd: 404.1952, found:

404.1953 - 'H-NMR(CDCly,¢TMS, 300 MHz): § 7.57~7.49 (m, 6H,

aromatic protons), 7.26~7.24 (d,.2H;-aromatic protons) , 7.21~7.15 (m,
1H, aromatic proton) , 6.72~6.66(m, 1H, aromatic proton) , 4.04~3.99 (t,
2H, -Ph-OCH,-CH,-CH;) , 2.66~2.13 (t, 2H, -Ph -CH,-CH,-CH,-CH3;) ,
191~1.79 (m - 2H - -Ph-OCH,-CH, -CH;), 1.67~1.57 (m, 2H,
-Ph-CH,-CH,-CH,-CH3;) , 1.46~1.31 (m, 2H, -Ph-CH,-CH,-CH, C-H;) ,
1.09~1.04 (t, 3H, -Ph-OCH,-CH,-CH;) , 0.95~0.90 (t, 3H,
-Ph-CH,-CH,-CH,-CH;). °C -NMR(CDCl;, TMS, 75 MHz): § 153.3,
150.9, 142.8, 141.9, 137.4, 132.9, 1289, 127.1, 126.8, 121.4, 109.0,
103.1, 92.5, 66.2, 35.3, 33.6, 29.7, 22.4, 14.0.

14d -2 & 5 58% o HRMS of C29H300F2: calcd: 432.2265, found:

432.2264  'H-NMR(CDCl;, TMS, 300 MHz): & 7.58~7.44 (m, 6H,
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aromatic protons), 7.20~7.19 (d, 2H, aromatic protons) , 7.16~7.10 (m,
1H, aromatic proton) , 6.67~6.61 (m, 1H, aromatic proton) , 3.98~3.94 (t,
2H, -Ph-OCH,-CH,-CH3;) , 2.60~2.55 (t, 2H, -Ph-CH,-CH,-(CH,);-CH3;) ,

1.83~1.74 (m, 2H, -Ph-OCH,-CH, -CH;) , 1.60~1.53 (m - 2H,

-Ph-CH,-CH,-(CH,); -CH3) , 1.30~1.09 (m, 6H, -Ph-CH,-CH,-(CH,)s
-CH3) , 1.02~0.97 (t, 3H, -Ph-OCH,-CH,-CHs) , 0.84~0.80 (t, 3H,
-Ph-CH,-CH, -(CH,);-CH;). “C-NMR(CDCls, TMS, 75 MHz): §149.2,
147.8, 142.7, 141.2, 137.6, 132.0, 128.9, 126.8, 123.1, 121.4, 109.1,
103.1,92.5, 66.2, 35.6, 31.7, 31.4, 29.0, 22.6, 22.4, 14.1, 10.3.

l4e - A 5 5 57.3% - HRMS of C29H300F2: calcd: 432.2265,

found: 432.2265 - 'H-NMR(CDEL;, TMS£300 MHz): § 7.51~7.44 (m, 6H,

aromatic protons), 7.18~7.46.(d, 2H, aromatic protons), 7.116~7.10 (m,
1H, aromatic proton), 6.67=6.61 (m,-1H; aromatic proton), 4.02~3.98 (t,

2H » -Ph-OCH,-CH,-CH,-CH3), 2:60+2.55 (t, 2H, -Ph-CH,-CH,-(CH,),

-CH3), 1.78~1.70 (m, 2H, -Ph-OCH,-CH,-CH,-CHj3), 1.60~1.53 (m, 2H,
-Ph-CH,-CH,-(CH,),-CH;) , 1.50~1.41 (m, 2H, -Ph-OCH,-CH,-CH,
-CH3) , 1.30~1.21 (m, 4H, -Ph-CH,-CH,-(CH,), -CH3) , 0.94~0.90 (t, 3H,
-Ph-OCH, -CH,-CH,-CHa) , 0.86~0.81 (t, 3H, -Ph-CH,-CH,-(CH,),-CHs).
PC-NMR (CDCl;, TMS, 75 MHz): 6142.7, 141.2, 137.5, 132.0, 128.9,
126.8, 121.3, 109.1, 92.8, 69.5, 35.6, 31.5, 31.2, 31.1, 29.7, 22.5, 19.1,
14.0, 13.8.

14f - & & 5 58% o HRMS of C30H320F2: calcd: 446.2421, found:
446.2424 - '"H-NMR(CDCl;, TMS, 300 MHz): § 7.51~7.44 (m, 6H,

aromatic protons), 7.20~7.19 (d, 2H, aromatic protons), 7.15~7.09 (m, 1H,
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aromatic proton), 6.67~6.61 (m, 1H, aromatic proton), 4.02~3.98 (t, 2H,
-Ph-OCH,-CH,-CH,-CHj3), 2.60~2.55 (t, 2H, -Ph-CH,-CH,-(CH,)s-CHj3),
1.78~1.70 (m, 2H, -Ph-OCH,-CH, -CH,-CHs), 1.60~1.50 (m, 2H,
-Ph-CH,-CH,-(CH,),-CH3), 1.48~1.41 (m, 2H, -Ph-OCH,-CH,-CH,-CH3),
1.32~1.18 (m, 6H, -Ph-CH,-CH,-(CH,); -CH3), 0.94~0.90 (t, 3H,
-Ph-OCH,-CH,-CH,-CHj3), 0.84~0.80 (t, 3H, -Ph-CH,-CH,-(CH,);-CHj3).
PC-NMR (CDCl;, TMS, 75 MHz): 6142.7, 141.2, 137.5, 132.0, 128.9,
127.0, 126.8, 121.4, 109.1, 92.8, 69.5, 35.6, 31.7, 31.4, 31.1, 29.0, 22.6,
19.1, 14.1, 13.8.

2.3.3 f* &% 19a &7 19b2ud &
2,3-Difluoro-4-iodoaniline (15)

% R % 2,3-difluoroaniline (5.0 g > 38.73 mmol)£ sodium
bicarbonate (5.4 g > 63.9 mmol)2e»#EF 70 mL 7 4F-k 2 ¥ 57 [f] X 7g
? o g 4e » jodine (14.8 g > 58.1 mmol) > A FF T #F2 [ FF o 4o~
5% FARIBRIFBFLY P EFBRE YL F o T @A
eRl RN R B FE D L e oy VAR RGE B A
&K 4R 2 0 Bk HisE ¥ 41 & 17 (silica gel > EA:n-
hexane=1:4) > # 3|5 ¢ F4 > 9.70g > A 3 99% o

gk 1 110 °C » MS (GC-MS) m/z: 255 » 'H-NMR(CDCls, TMS, 300

MHz): ¢ 7.121~7.15 (m, 1H, aromatic proton), 6.39~6.33 (m, 1H,
aromatic proton), 3.89 (br, 2H, -NH,). 13C-NMR(CDC13, TMS, 75 MHz):

55



0152.2,149.0, 141.2, 137.9, 136.8, 132.5, 113.3, 66.3.

2,3-Difluoro-4-(hex-1-ynyl)aniline (16)

% # T #2,3-Difluoro-4-iodoaniline (15) (9.5 g 37.2 mmol) -
triphenylphosphine (1.0 g 3.7 mmol)¥* copper(I) iodide (0.7 g 3.7 mmol)
2% ~ % acetonitrile¥? triethylamine;® & ;3 &|(v/v= 4:1) 200 mL2_ B 3f 5%
7o i 4o 2 PA(PPh;),Cly(0.5 g > 0.7 mmol) » 38 T3 § § #4E-
L 048t 0 BBF ~ 1-hexyne (3.7 g 447 mmol)> R T ¥ § #
AP B BRI MR IRR G B M EUFEAR RNFR
Ris o ML R ek FARBRERS B KA L M BUTE X
Peo Py A 0 7K KRR L BT RN TR
+ & 47 (silica gel » EA:n-hexane=1:7)4 i & 4= » # 3|5 ¢ % 7.14 g~
A % 92% o

MS (GC-MS) m/z: 209 - 'H-NMR(CDCl;, TMS, 300 MHz): &

6.95~6.89 (m, 1H, aromatic proton), 6.44~6.38 (m, 1H, aromatic proton),
391 (br, 2H, -NH,), 2.44~2.39 (t, 2H, -C=C-CH,-CH,-CH,-CH,),
1.61~1.58 (m, 2H, -C=C-CH,-CH,-CH, -CHj), 1.49~1.46 (m, 2H,
-C=C-CH,-CH,-CH,-CHj3), 0.96~091 (t, 3H, -C=C-CH,-CH,-CH,

-CH;). "C-NMR(CDCl;, TMS, 75 MHz): 6 153.20, 149.94, 141.22,
139.04, 136.19, 136.07, 127.72, 110.87, 102.94, 93.94, 30.71, 21.90,
19.18, 13.83.
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2,3-Difluoro-4-hexylaniline (17)

#-2,3-Difluoro-4-(hex-1-ynyl)aniline (16) (7.0 g » 33.5 mmol) 3z »

B FlAFLY > 4~ ? i3 90 mLfr 10% Pd/C 0.52 g»> 1 = w4280 % &

Foho RBALA T F R B RE FHE Y Aot EAF S

FE TG0 ) B FNEREA L E F 0 W HNMRAEZE B > o K

Blg k18 Mg AEIRA R 0 kAR TR AL A7 (silica gel >
EA:n-hexane=1:10)% i 24 » 75§ ¢ %% 6.1g> A F 85%

MS (GC-MS) m/z: 213 » 'H-NMR(CDCl;, TMS, 300 MHz): &

6.72~6.60 (m, 1H, aromatic proton), 6.48~6.42 (m, 1H, aromatic proton),
3.67 (br, 2H, -NH,), 2.56~2.50m(t;"2H;. -Ph-CH,-CH,-(CH,);-CH,),
1.57~1.49 (m, 2H, -Ph-CH,-CH,-(CH,);-CH5), 1.32~1.26 (m, 6H, -Ph
-CH,-CH,-(CH,); -CHj3), 0:90~0.85(t;-3H, -Ph-CH,-CH,-(CH,);-CH,).
PC-NMR(CDCl;, TMS, 75 MHz): 8 1152.0, 145.4, 143.1, 136.6, 135.2,
124.9, 124.0, 108.8, 31.7, 30.4, 29.0, 22.6, 14.2.

2,3-Difluoro-1-hexyl-4-iodobenzene (18)

#-2,3-Difluoro-4-hexylaniline (17) (6.0 g »> 28.2 mmol)*c » 7 1.9
mL (98%) sulfuric acid% 50 mL 45 -k ® » 3Y ks ™ 3320 » 4518 >
¥ M JF » sodium nitrite K ;% /% (2.9 g » 42.2 mmol in 5 mL H,O) » ki
T 20 A 4818 0 ¥ MF > potassium iodide k% % (7.0 g > 42.2 mmol

in 10 mL HyO)> d 0°Cw Bz | FF o F Ex 4 r 10%
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sodium bicarbonate-k ;% ;% I ¢ |+ > 12 dichloromethanefr-K i& {7 5 B~ >
T R CRERERAE T BRI RS 0 & 7 F K 17 (silica gel -
n-hexane)d i* 2% » B3| F ¢ 24 88¢g > A F 96% -

1H—NMR(CDC13, TMS, 300 MHz): 6 7.40~7.34 (m, 1H, aromatic proton),
6.76~6.70 (m, 1H, aromatic proton), 2.65~2.60 (t, 2H, -Ph-CH,
-CH,-(CH,);-CH3), 1.66~1.53 (m, 2H, -Ph-CH,-CH,-(CH,);-CHs),
1.33~1.22 (m, 6H, -Ph -CH,-CH,-(CH,);-CH3), 0.89~0.86 (t, 3H, -Ph
-CH,-CH,-(CH,);-CHj).

4-((2,3-Difluoro-4-hexylphenyl)ethynyl)-4’- ethylbiphenyl(19a)
4-((2,3-Difluoro-4-hexylphenybhethynyb-4’- propylbiphenyl(19b)

™ 19a % &) 0 #- 2,3-Difluoro=izhexyl-4-iodobenzene (18) (2.0 g» 6.2
mmol) > copper(]) iodide (0.2 g > 0.6 mmol) ¥ triphenylphosphine (0.2 g >
0.6 mmol) % % 100 mLz_ S5 ¥ > 2 30 mL acetonitrile®? 10 mL
triethylamine ;% f% {5 > %% 5 * # i 4 » Pd(PPh3),Cl, (0.1 g 0.1
mmol) > F E T ™ F F ¢ #EFE 20 &~ & 0 ¥ RIF
4-Ethyl-4’-ethynylbiphenyl (13a) (1.5 g > 7.4 mmol)Z_ acetonitrile;% ;% 10
mL> 2R TEF FFRI2AEF - FREAE > BBZRPF B
ML G R FAE O RERRIR S 0 e Eifede o AR IREFE

B’\,7k%#"‘lbﬁif%};gg’" ﬁﬁ}%]'/éfﬂfrgr [l - / e #}Sﬁk‘
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R 3l m R ERPRAERC 2 BT /}a‘f’ﬁzé » 38 {7 HL A 7 (silica gel >
n-hexane) » #7{8 B4 1 n-hexaneit (7 & & & > B> R is v & FHiY
14a> 14g> & % 56% o 19b1?5€?ﬁ7.%‘—;55? 14a4p e o

192 -& % 56% » 'H-NMR(CDCls, TMS, 300 MHz): § 7.60 (s, 6H,

aromatic protons), 7.55~7.53 (d, 4H, aromatic protons), 7.31~7.28 (d, 2H,
aromatic protons), 7.21~7.16 (m, 1H, aromatic proton), 6.94~6.89 (m, 1H,
aromatic proton), 2.74~2.65 (m, 4H, -Ph-CH,-CH,-(CH,);-CH; and —Ph

-CH,-CH3)’ 1.64~1.56 (m, 2H, -Ph-CH,-CH,~(CH,);-CHs), 1.38~1.20 (m,

9H, -Ph-CH,-CH,~(CH,);-CH; and —~Ph-CH,-CHj), 0.92~0.87 (t, 3H, -Ph
-CH,-CH,~(CH,);-CH;). “C-NMR(EDECL, TMS, 75 MHz): § 152.4,
150.6, 149.1, 147.5, 144.0; 1414; 1376, 132.7, 132.1, 128.4, 127.2,
126.8, 124.6, 121.2, 111.2;94.7, 82.4, 31.9,29.7, 28.9, 27.1, 22.8, 15.6,
14.1.

19b -& % 52% o '"H-NMR(CDCls, TMS, 300 MHz): § 7.59 (s, 6H,

aromatic protons), 7.54~7.51 (d, 4H, aromatic protons), 7.27~7.25 (d, 2H,
aromatic protons), 7.21~7.15 (m, 1H, aromatic proton), 6.93~6.88 (m, 1H,
aromatic proton), 2.69~2.61 (m, 4H, -Ph-CH,-CH,-(CH,);-CH; and —Ph

-CH;—CHQ-CH3) » 1.72~1.56 (I'Il, ZH, -Ph-CHz-CH;-(CHz)yCHj,),

1.36~1.21 (m, 8H, -Ph-CH,-CH,-(CH,);-CH; and —Ph-CH,-CH,-CHj3),
0.97~0.91(t, 3H, —Ph-CH,-CH,-CH3), 0.86~0.82 (t, 3H, -Ph-CH,-CH,
(CH,);-CH;). "“C-NMR(CDCl;, TMS, 75 MHz): 6 152.5, 150.6, 149.1,
147.4, 142.4, 141.4, 137.6, 132.7, 132.0, 128.3, 127.2, 126.8, 124.5,
121.2, 111.2, 94.7, 82.4, 37.7, 31.9, 29.7, 28.9, 27.1, 22.7, 15.6, 14.1,
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FZR REREHE

3.1 Flatdh- & L H
311 1 &4 8l foe AR B 1V B AT
PEPFBUI A LT FFAZEY o AuEY v F

FLlo25 8 P3P 3 A BRFATRE > REREIFY

1:)'\—J.
b
o
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et
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e

et
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4

\and
pu)
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Pifiazk > % 4 D5 ¢

¥k : 12 hE 4Bz g A

C12H250 O o
S by
X O OCH2
=

~ ﬁﬁg

46.1 °C(32.66kJ/mol) S 80°C (by POM) -
13.7 °C(5.86kJmol) 74.9 °C(5.18kJ/mol)

RN A V2 RS E 0 F SERUEE R R R £

C12H250

£ F - PR AL PR IE R BRI P 8GRI PR
£ iR EAEBBET FIRIZHE L AAlR & o 4 DSC BB
& 80 f 441 TREBAE ik fodp 0 & BB ARET]

YRR A 0 A R 49 CH I &4 8d jdpie » % &
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Ao d S A A A AIE R CEIE R R R RIS o A IR 7
%’%maﬁﬁﬁbééigﬁﬁﬁ’ﬂ&ﬁimcmﬁﬁﬁﬁﬂg
2 supercooling 2. % > d R o AR I HAPpTER ST E o &

137 CHFA 3|t £ 8d R HipE R 5 Hip o

Fig3-1. &4 8 & 60°CP » it % BEACAL™ “75 T1 ek 71 31(S,)i% &

4p & T2 ]



Heat flow(mW)

0.6
0.4
0.2 _
2nd Cooling
0.0
-0.2 -
-0.4 -
. 0

-0.6 - 13.713C 74.86°C

-0.8 A

'10 T T T T T T T T T 1} T T T T T T T T T T T 1
-10 0 10 20 30 40 50 60 70 80 90 100

temperature("C)

ig 3-2. it & 4 8 :hDSCH (2™ cooling, rate=10°C/min)

63



Heat flow(mWw)

-32.8 46.14°C

-33.0 -
-33.2 -
-33.4 -
-33.6 -
-33.8 -

-34.0

1 2nd Heating
-34.2

-34.4 4

-34.6

— - 1 ' 1 ' ©rooret v 1+ 1 ' T 7 T 1
10 20 30 40 50 60 70 80 90 100

temperature("C)

Fig 3-3. i & # 8 «DSCH|(2" heating, rate=10°C/min)
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312 v &% lda~14f i B dp 2 Ap B 1V iE 42

At 14a~14f L H A FRLA T A5l r - E AT A
R e b0 BORA T LM R ELE R M DM £ ¥

a

Rehied A - FASMER - J DSCRZR &40 E A # B2 %
BT kR R 2 BT .

L& 4 14a~14F & Bee A & F AR AT - F A
ABE R o A A FRAMRE AL REG 24> - F AR AL
4~6 > MAR - & F A2 pledlC F ArhawishEe s A BT 4P
oo UL Fe S MR AR PRE A LA EBE AR
2

A
=

SLEr|at 4 341

=

Table3-1 * £ % lda~l4f BB R R B R E(AH)%

E
© el =D
2m+1%~m nti2n+1

Compound Transition temperature (°C) and enthalpy(kJ/mol)

104.1(9.33) 21243
14a N=——"1

86.8(9.86) 212 .42
100.6(2.63) 209.1(0.94) .
14b K=<=——-—""> N==_—"—""——="1
94.7(2.38) 207.1(0.90)
Lac _119.5(12. 31L 215.4(0.97) _
112, 4(12.01) 213.3(0.87)
109.8(6.96), 197.0(0.61)
14d K~————">N~wV——— |
102.9(7.30) 195.4(0.50)
14 108 6(8 94) 190.6(0.74)
e
100.4(7.86) 186.8(0.77)
106.5(6.20) 185.3(0.58)
1af 99.7(6.26) 179.6(0.70)

a. Temperature was observed by POM.
K: crystalline phase; N: nematic phase; I: isotropic phase
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e Ua~lAf Bk A TR SR X S HE
4o g £ 140145 712k S A - 1At d BB
¢t 1041Cd ShpEH I RN P R SAPER IR TA
2 B (AH) = /] > &2 d DSCRIE » g it & 4 ldar@ F40if & £
W B MR BLR DR > Y h 2124CHE &4 1dad R LR L
AR R S AP B 5 108.3°C 5 f R W M EEI L& ldas
BELE R G 86.8C kSRR 5 125.6°C o d 14beHDSCH R ¥ A
B B A 100.6°CPE & 4 14bd FAPEH 2 R Kp > £ 209.1°C
MR RS AP R R S 1085C ;4 EIR Y AT F o h
207.1Cps it & 4 14bd Eipdd & wif fodp > 7 94.7C F 4o i 5 4

G AR R PR R BR R 1124°C e &5 ldchip A % 1
¢ A piEfed PRI A 1195CT S d B A HES LIRS
AR 0 3T 2154C$§3}3{?.L/B_ 1P R BBB#B?;‘%’_)?%%]? 95.9C ; &b 4rig
f2¢ o L E 430 207.0°Cd FEiApE r ik hdp 0 B EEER 5 11247 o
RS ARRERFR G 947C - d it &4 14d:9DSCAp g i & W7 7 I &
AREARY 0 21098 Cd SR Ap IR T R fHAp 0 30 197.0Cd R & 4p
Wi LG RS AERFER S 87.2°C 4 krpF i 1954°C B 4k
»Redo AR 0 Y BER] B 102.9CHELRT] R HARERFF : 925TC ¢ &

L2 14eDSCHp % it o 5 ¢ » »+ 2 @ prjip| 7| & 108.6°C1t & 4
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lded FAp % 5% fudp > £ & 190.6°CPFd 2 & AP R 5 B T 4P 0 iR
S AR R 40 ) G 82°C; EIE PERIBLE T & 186.8°Cd B FARE ~ R
A0 e 100.4°CPEd i fotp g% 5 FAR 0 iR SR E R P 5 86.4°C -
d DSCL& it & 4 14fcrjp % (v B47 o d 2B o 47 23 & 106.5°C
pEiv £ 14fd FAp R SR fdp 0 & 185.3°CPFd i Ap R 5 R
A R AP R o H 5 78.8°C "EE PR & 179.6°CRERLE T & H
14fd B % 5 R fdp > T & 99.7°CPRFd 2 HApiE % 5 FAp 0 R

5o AR B %" B % 79.9°C -

Fig 3-4. it £ 4 14b % 185°C B » % ify & B e ™ #TELR 5| e 717

i d AP S IL ]
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¢ 1 N IL R
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Fig 3-6. i* & 4 14e . 150°C F¥ > *% iy 6 B A ™ #T L% 3 e 71 4|
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Heat flow(mW)

-1500

-3000

9000 - 94.7°C

7500 -
6000

4500 -
207.1°C

3000 J L 2nd Cooling J/\\

1500

0'_ 2nd Heating W"

209.1°C

-4500 - 100.6°C

r—+ 1 &' 1 1t 1~ 1 11
60 80 100 120+7,140"" 160 180 200 220 240

temperature("C)

Fig 3-7. i* £ 4 14b +»» DSC B (rate=10°C/min)
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Heat flow(mWw)

112.4°C
15000 —
10000 —
5000 J 213.3°C
] _N__
0 -
(o]
215.4°C
-5000 —
-10000 4 119.5°C
T T T T

I ' I ' I ' ' I
80 100 120 140 160 180 200 220 240
temperature("C)

Fig 3-8. i+ £ 4 14c < DSC B (rate=10°C/min)
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Heat flow(mW)

-2000 —

-4000 —

8000 — 99.7°C

6000 -

4000

6000 - 106.5°C

2000 _/) . —

179.6°C 2nd Cooling

185.3°C  2nd Heating

T T ' 0 T
80 100 120 140 160

T T T T T 1
180 200 220 240

temperature(°C)

Fig 3-9. i+ & 4 14f en DSC B (rate=10°C/min)
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|
220 1 .
- —_— \
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] / — .
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80 T T T T T T T T T T T
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Fig3-10. i* &4 lda~14fspEAF R (B - 28 > T B "F8)H*%

% A st BB % B (Ko crystalline, N: nematic phase, I:

isotropic, Tm: melting point, Ti: isotropic temperature)
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313 L &% 19a 8 19b i B AR % AP B 1L iE AR

“ &4 1922 190 e 23-80- & FREHA - F AL A S Ao
(e rT I AR & F A eapisal B F A ORI E (T MRS &
FOUNARE Z F A PR R B E R R R 2t
foo v &4 1927 19b AR & F AR BT L 60 - F AR
Hi 283 HipHasal B M it 24 14a~14f 4p & > i £ 4 10a

21 10b crAp dE A5 08 B B 22722 @ (A H)4e Table 3-2 #77 -

Table3-2 i+ &4 19a & 190 ApEBFERE L E(AH) R

R F

Compound

Phase transition temperature (°C) and enthaloy(kJ/mol)

59.4(2.62) 928

2,3-2FC6C2 (19a) N |
43.9(2.37) 922
79.1(2.28) - N 1252

2,3-2FC6C3 (19b) 2 |
74.8 (2.31) 125

a. Temperature was observed by POM.
K: crystalline phase; N: nematic phase; I: isotropic phase

Bl KR CALT B &4 19a¥ 19bck S dp XILE] 0 ¥

b A

ETINS

SUAE 8 0 4 A ILT & 19287 10Dt B2 R BLE B 2 2 A9 02

L2 it 4 4 1d4a~14f . I DSCRLE T & # 19227 19benfp 5 1t

%3
e

TP R AR R LR #E] e B (AH) = -] > &2 d DSCip
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¥ FAFEE R R ASREDES o d DSCRRE & $
19as4p i iE47 > 2 JE pF 4 59.4°Cd FHp#E % S i 0 5 & 92°C
d R AR X B4R IR ATRBRI G BEE R 5 439°Cod it &
P 19bejp it e R > v EF RS BT HRBER L 791°C
97 125°CPrd % o ARdE 2 B 4R 5 R PFR] A 74.8°Cd R & Ap

= FI4P

Fig 3-11. i & 3 19b*t B5°CP¥ » foify % BRfcdR ™ #TRLR 3| chw 71 4]

i g K IR
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Heat flow(mw)

-1000

-2000
| 2nd Heating
-3000 - 79.1°C

cooling
heating

4000 +

745°C

3000 +

2000 2nd Cooling

1000

T T T T T T T T T T T 1
40 60 80 100 120 140 160

temperature (°C)

Fig 3-12. i* &£ 4 19b «DSC %] (rate=10°C/min)
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32 BRRHAFORLIPERETLRR IR
321 31 x Gl Be N A HER S ARG S 2 AR B 1L g 4B

ZWF YRR RROCERA S FATL A A R
AP E AL P RARBR R AH L EF PR LTS 2 PSR
Boenf Ve b 3 A b s ] o paR B S e AR B A S
ferfm g P & d Ma~14ft fde k o d St E RS R A REA T 3
apg;@g£$%ﬁﬁv@%£&w%@$uﬁammmwbi?
RS AR R RS 2F 0 #F5 61~65.2°C o & AR5 A2 KRR
g &+ 20V & 4 g dp 05T Table 3-3 ¢
A2 e A F PR EAR

e Py = Ao

Heating, C
K 147.8 N 209.2 |
K141.0 N 203.0 |
K 137.7 N 200.7 |
K130.2N 1954 |

FUA AR ¢ - 850 - REE A Glde 0 & A G E

g\:‘{

Table 3-3. 1 F A ovF £

OO |~ |W|S

BEGTHERLR BN 173-175 °C> B BE R %) 188~210 °C>
R AR R R 1436 Co KR LA F LI LS S HEE Y

L 7>+ Table 3-4 :
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Table3-4, PR FRA - FRALII 2L AT cipiviEa

Heating, C
K173.01
K 1743 N 21091
K 169.2 N 188.7 |
K 176.6 N 203.8 |
K 1749 N 188.6 |

Bk R Lo F A ghz FIAL > F5I - 7 0L AR B

OO |~ |W[IN|DS

EovRG RRARE R AR ESER SR LI, R 2 B B
7>+ Table 3-5 :

Table 3-5. #EB" o Etl‘, 2 f_k’ ﬁﬂ‘k % e b m’m-ﬁ%ﬁ r-"g et

Y, X

n X Y Heating, C
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