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Progress of Fluorinated Biphenyl Acetylene Blue-phase Liquid Crystals
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Abstract: Liquid crystal "blue phases" are highly fluidic, self-assembled, and three dimen-
sional cubic defect structures that exists over narrow temperature ranges in highly chiral
liquid crystals. Application of an appropriate chiral center may produce blue phase liquid
crystals. Due to the unique property of fluorine, liquid crystalline materials with low viscosity,
high birefringence (An), and high clearing points can be obtained by introduction of Fluoro-
tolane. In this paper series of chiral compounds (one exception) containing 2, 3, 5, 6-
tetrafluorodiphenyl acetylenes were synthesized. Their liquid crystalline behaviour was in-
vestigated by optical polarizing microscopy and DSC. The results show that 13 compounds
show blue phase. Moreover, the slight difference of the chiral center results in appearance/
disappearance of blue phase.
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Chemical structures of compounds A, B, C and D.
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Fig. 2 Chemical structures of compounds E, F, G and H.
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Phase transition temperatures of series A

Table 1

K I
Cl EH;
ooy
n=6,7,8,9,10
I F

wE&w  n AHASR B/ C

A, 6 C 108.7 Ch 130. 6 BP 130. 8 1 130. 6 BP
130.8 Ch 94. 1 Rec

A ; C111.1 Ch 122.8 BP 123.3 1121.9 BP
121.4 Ch 94. 3 Rec
C 110.2 Ch 126. 8 BP 127.2 1 126. 3 BP

A s 8 Ch 956 Rec

A o C106.8 Ch 121.4 BP 121.8 1 121.1 BP
120.6 Ch 92.7 Rec

A 10 C 107.2 Ch 119.7 BP 120.0 1 119. 7 BP

119.4 Ch 89. 3 Rec

Bl k&9 A FHIRE 11108 C i Ay iih 4% Bk 5 AR
Ltk
Fig. 11  Oily streaks of cholesteric phase of compound A,

at 111. 8 C on heating
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Fig. 12 Blue phase of compound A, at 120.6 C on cooling
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for series A
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Table 2 Phase transition temperatures of compounds A’

F F
*
n—CmHWIOCOOCHZCH(CHS)CZHS
FF

wEw m AR/ C
X g C 114.8 Ch 128.6 1127.6 Ch 127. 2
’ SmC* 94. 7 Rec
, C 106.1 Ch 126.6 1121.5 Ch 119.4
A 10

SmC* 87.5 Rec
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Table 3 Phase transition temperatures of series B

0 O O J_@ occnbicns
n=5,6,7,9

lasn? n AR/ C
B; 5 C 66.1 Ch 134.2 BP 134.8 1133.5 BP 133.0 Ch 56.1 Rec
By 6 C 66.7 Ch 135.2 BP 135.7 1134.4 BP 134.0 Ch 59. 6 Rec
B, 7 C 63.8 Ch 128.5 BP 129.2 1127.6 BP 127.1 Ch 57. 8 Rec
By 9 C79.1Ch126.9 BP 127.2 1126.0 BP 125.4 Ch 47.9 Rec
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Table 4 Chemical structures and phase transition temperatures of compound E, F, G and H

CH;

FF
E: H(CF)CHO \_/ - /_\\\_//
F F

C 126.7 SmC * 134.3 SmA 159.1 Ch 163. 2(BP) I (BP)161.5 Ch 156.9 SmA 132.0 SmC”

(0] 3
|

“ ()O COOCH,CHCH,CHx(S-)
*

103. 6 Rec

F. H(CF,),CH0

C 65.6 156.7SmA 42.5 Rec

F F
0] CH;
|
SO o SN o S gy s
F F

C 96.0 SmA 121.7 Ch 133.7 1132.1 Ch 120. 3 SmA 65. 7 Rec

H. H(CF).CHO

0] Cl CH;

O "@700CCHCHC Hs

C 119.9 SmA 135.7 Ch 148. 8 (BP)I(BP)147. 2 Ch 127.5 SmA 102. 8 Rec

5 KBTI KA A B K

501 I-=HREFE2-4-W-EEREEFE)]2,
3,5,6—MUEEZIR(FEME 2b) BIE A
TE— T 2 A R/ 0 LR VT = F0v%
B 50 mL = HURH M AEEE 290 mg (11.9
mmol), To7/K THF 10 mL F1— /MR, AR
PR A IE B A SRR 2. 55 g(9. 40 mmoD) Y

THF % WAL 30 min 2% 22 i 2 5 i 4E 45
SRS T3 o o Je A A S Ak 2k [l 1 b,
WA,

TE 75— T M 0 AT 0k O R D <
RBEERY 50 mL = U P A R RI{A 1 2. 10 g

(7.95 mmo) F1 THF 5 mL. ¥ [ & 5l % 0%
AR FE B 205 Wl < . B N R &0

BB . INSEE =R BEE 3 h, FEIE 40 h,
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JKVESE s FIJEK Na, SO, T4, B 2050, 5 A 4l
A1 Y TR AR Ay K 0 TR R AT PR A 2 T L A T [
A 2.28 g, ;" %.65. 7% ., H NMR(CCL,/TMS) :
8 0.25(s, 9H,3 X CH;),0. 90 (t,3H,CH;).,1. 10~
2.00 (m, 10H),3.85 (t, 2H, J=16.00 Hz),
6.80(d, 2H)/7.20(d, 2H) (AA'BB’, J=9.00
Hz),
5.2 4-FESHE-2,3,5,6¢cHNEBEE4-Z (D
&) {4 3b) B9 & R

16— 50 mL HIE M m Ak 2b 1.5 g
(3.44 mmol) , = 5 mL, NE{ 20 mL 1 0. 2 N
) NaOH i 3 mL, ZEHMH 24 h J5. ZZ N A
LR . AR 1T & 1 28 B, K Uk JE K Na, SO,
TR ZRHE RS . F R DY R A AL 1 AR
ZEE 1013 g, & 90. 4% .'H NMR (CClL,/
TMS):6 0.85(t, 3H, CH;),1.10~2. 00 (m,
10H), 3. 45 (s, 1H), 3.85 (t, 2H, J =
6.00 Hz), 6.40 (d, 2H)/7.25 (d, 2H) (AA’
BB', J=9.00 H2),
5.3 HiEfk4 a8

TE—DTHA 25 mL B h e 2-5-3-
F -T2 (0. 6 mmoD) X B2 H %K B 132 mg (0. 6
mmol) il DCC 125 mg (0. 6 mmol), f§ THF
5mLAl CH,Cl, 5 mL & f# )5, I A% 15 mg
DMAP, =i H s . TLC BREE. 20 74 h J5 X
NEZEH . b0k FTC /K TV I DR DF | IR e i 7%
BRI AT 2N 8 AR, AEZ A8 LU
Mk QIR CTR 15+ 1) Skt 70175 2 v B [ 4, H
FA RS 245 A5 3 1 (8 [T 4K 181 mg., 73 85. 7%,
'"H NMR:§ 0. 60~2. 40 (m, 9H), 4. 15 (d,
1H, J=6.00 Hz), 6.70 (d. 2H)/7.55 (d. 2H)
(AA'BB’, J=9.00 H2),
5.4 LEWA (n=6)MEM

E—ATHAY 50 mL =F0 B3 N, A0,
I8 i 2 B A M L I ] 44 3 (323 mg, 0. 92
mmol) . # [A] & 4 (331 mg, 0. 939 mmol) . Pd
(PPh,),Cl, (15 mg) .Cul (5 mg) FT 41 Et,N
(15 mL), i@ N, 5 min J5,N, fR#F . fin# ml i
4 h, TLC REFRYI L5 R, ¥ B3l T
A B 459 VLAl ik (bp. 60 ~90C)H /2 R & B
(150/1) Sy ik 4 700 A A 23 5 o 1 T PP - PN i) 2%
A 19 @ B K AL 161 mg, 7 %:30.0%. mp

106. 7 C,"HNMR (CCIl,/TMS): 8 0. 8 ~ 2. 10
(m,20H,aliphatic hydrogens), 4. 00(t,J =4.8
Hz,2H, OCH,).4.30(d,J=6.2 Hz,1H,CH),
6.95(d,2H)/7.45(d.2H)(AA'BB',J =9. 0 Hz,
CsHy), 7.20(d, 2H) /7. 65(d, 2H) (AA'BB’,
J=9.0 Hz.C;H)ppm, " FNMR (CCL,/TFA) : 6
58.5(m, 2F), 66. 0(m, 2F) ppm, IR (KBr,
cm ') 1765 (vs,C=0), 1610(s,CsH,),1 200
(s, C—O—C), MS(m/z, %): 574 (M*, 13.98),
TLEAHT S (%) C 66.90; H 5.40; F, 13.24,
SEMC%): Cy 66,925 H, 5.265 F, 13.13, [aln=
+2.096 (CHCl,, 20 C),
5.5 WEWE BHEK

TE—AS TR 25 mL = S0 o oin A K- -
TR A R R (2-HH ) T BB (225 mg), H?
[B]f& 12 (250 mg, 0. 496 mmol), Pd (PPh,),Cl,
(35 mg), Cul (10 mg), ARASRKEBEM=S )G, H
ABAL B EGN (5 mL) i El 3 4 h T3
s B 45 90 LA A7 il Bk (bp. 60 ~90 C)/Z R & Hig
2/ ik gt m) A o s, T B B 45 4 . 15 1
[ A& 201 mg 77 %, 48. 8%. 'HNMR (CCl,/
TMS ):80.95~1.04 (m, 6H, CHy), 1. 25~
1.57(m, 2H, CH2), 1.85~1.89 (m, 1H,
“CH), 4.12~ —4.26 (m, 2H, OCH,), 4.72
(t, J=12 Hz, 2H, OCH,CF,), 6.09 (tt, J, =
60 Hz, J,=6.0 Hz, 1H,CF,H), 7.31 (d, J=
8. 7 Hz, 2Harom), 7. 71 (d, J = 8. 3 Hz,
2Harom), 8. 14 (d, J =8. 7 Hz, 2Harom),
8.21 (d, J = 8. 3 Hz, 2Harom)."” F-NMR
(CDCL,/TFA): 8 43. 9 (t, J = 12 Hz, 2F,
CH,CF,). 48.2 (s, 2F, CF,), 52.9 (t, J=5.2
Hz, 2F, CF,), 59. 06 2Farom)60. 1 (d, J =52
Hz, 2F, CF,H),79.2 (dd, 2Farom),

IR(KBr,em '): 1 730, 1 708, 1 492, 1 269,
1206, 1170, 1 132, 991, 768, MS(m/z, %)
507 (H(CF,),CH,O0—C;F,—CC—C;H,—CO",
100%), 714 (M"), JLE M :Cy, Hy Fr O, B
W% : C53.79; H 3.07; F, 31. 90, 52
(%): C, 53.665; H, 2.63; F, 32.00, [ o=
1.45 (C=0.003 57 g/1.2 mL),
5.6 LEWMFHER

R EAERAG D) E.

kP EfR 12, 267 mg (0. 53 mmol), H
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R 0, 45 « 5 O K R SIS R RO o 9 F S 43

[F] A 18 X 5 37 40 56 2% HH R % LR 3 ), 262
mg, Pd(PPh,),Cl, (25 mg), Cul (10 mg), Et;N
(8 mL). =9 0 [ 1A 398 mg (7= 4. 86.1%).
'"HNMR(CCL, /TMS)§:0. 82~1. 82 (m, 16H,
R). 4.52 (t, J=7 Hz, 1H, OCH), 4. 77 (t,
J=12 Hz, 2H, OCH,CF,), 6. 15 (tt, J, =60
Hz, J,=6.0 Hz, 1H,CF,H), 7.03 (d, J =
9 Hz, 2Harom), 7.30(d, J=8 Hz, 2Harom),
7.70 (d, J =9 Hz, 2Harom), 8.18 (d., J=38
Hz, 2Harom), “F-NMR(CDCl,/TFA):§ 44. 0
(t, J=12 Hz, 2F, CH,CF,), 48. 2 (s, 2F,
CF,), 53.0 (m, 2F, CF,), 59.7(m,2Farom),
60.2 (dt, J, =52 Hz, J, =5. 2 Hz, 2F,
CF,H),79.2 (m, 2Farom),

IR(KBr,em ') 2 925,2 857, 1 683, 1 604,
1528, 1 496, 1 433, 1 295, 1 257, 1 204,
1132, 1 003, 894, 861, 838, 777, 723, 553,
MS (m/z, %):121 (HO—C;H,—CO",100),
233 (CyHy; O—CyH,-CO",59. 42),729(M" ),
JEEDH:Coy Hy Fr O BB (%) C 56,055 H
3.87; F, 31.29, = (¥%). C, 56. 15; H,
3.71; F, 31.20, [ ah ]=—0.12 (C=0.005 45
g/1.2 mL),

57 LUEWGHER

KRR G Y E.

Bkl ) f& 12, 188 mg, Xf-(2-H 2 T &
o) A H R X LK W g . 159 mg. Pd(PPh,),Cl,
(25 mg), Cul (10 mg), Et;N (6 mL), ¥ .H
fE A 201 mg (77%.67.7%) . HNMR (CCl, /
TMS ):6 0.90~2.08(m,9H, R), 3.90(d, J=
6 Hz, 2H, OCH,), 4.72 (t, J=12 Hz, 2H,
OCH,CF,), 6.05 (tt, J,=60 Hz, J,=6.0 Hz,
1H.CF,H). 6.95 (d, J=9 Hz. 2Harom). 7. 24
(d, J=8.5 Hz, 2Harom), 7. 64 (d, J=9 Hz,
2Harom), 8.14 (d, J=8.5 Hz, 2Harom) .,

IR(KBr.em '):1731, 1605, 1516, 1493,
1264, 1203, 1170, 991, 536, MS(m/z, %)
121(HO—C;H,—CO",92. 81), 191 (C,H,CH
(CH;) CH,0—C;H,—CO" , 100), 686 (M" ),
JEEAIMT:Coy Hoo Fr O, GEUE (%) C 54,245 H
3.23; F, 33.21, s (%). C, 54. 35; H,
2.93; F, 33.30, [ afy J=1.626 (C=0.021 4 g/
1.2 mL),

5.8 UEWHBER

R EAERALG Y E.

BpE: A 12, 188 mg, XL H Xt -
(2-G0-3- WU et AR R AR B iR ) (Pl ik 21D, 176
mg, Pd(PPh;),Cl, (20 mg), Cul (5 mg), Et;N
(6 mL), =4 14 & & 207 mg (7= 3. 66. 0%,
"HNMR(CCIL, /TMS ):6 0. 90~2. 60 (m, 9H,
R), 4.37 (t, J=7 Hz, 1H, OCH), 4. 73 (t,
J=13 Hz, 2H, OCH,CF,), 6. 06 (tt, J, =52
Hz, J,=5.2 Hz, 1H,CF,H), 7.15~7.45 (m,
4 Harom), 7.72 (d, J=9 Hz, 2Harom), 8. 23
(d, J =9 Hz, 2Harom)., IR (KBr, em !):
2971, 1 726, 1 605, 1 493, 1 446, 1 406,
1273, 1 178, 1 080, 1 019, 990, 860, 767,
694, 524, MS (m/z, %): 109 (HO—C;H,—
0O",100),135 (C,H;CH (CH;) CH(Cl) CO",
7.11),507 (H(CF,),CH,O—C;F,—CC—C;H,-
CO™), TTESM:C, Hy FLOCLEIE (%) C
51.32; H 2.83; F, 31. 95, sz (%) C.
51.465 H, 2.60; F, 31.54, [ of ] 1.45 (C=
0.003 57 g/1.2 mL),

6 & #®

(1) &3 Tolane fb& Y WA B I 5 47 +
A BVIRR, PR T HE, o
lane 43t B AH 19 AT BB M A 4G 4 T i
R A BB AR R . [FIRE =R EE A Y 4
BB BUER FLWR A 2 A B P IR 1S B A
Wlh o SR 28 S i R Bk B W A 20 1
A5 3 W5 AV AR I LS e v T DAGR B 10 ~5 %,

(2) ZHELLA 0 1 S /N 728 Akt ] B 5] Ak K
149 728 A, o 451 G e B 1) 7 ] L 52 e R 1 1 B

(3) i B (4 4 B2 55 W 52 o) S AH A s 8. )
wm. A& B o b R 0N T 5 B AR
. AEEY D s R 8CH S 7R
PUEAH S Bk 57 8 BRI I, 27 i B Wk
CCF,), H M. 45 2 th Bk s A b &9 E
1 H,

O SEg A 3 F T4+ # AT LA™ A4

) A TAEH 15 2] (1 tolane 3 5o a5 &, — M
3130 CEABIMALEY AL B, IF H A H
Mk E] 265 C,
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(6) Tolane ) XUAT 4 % — M K F 0. 25, %4 7 2,345, 6-PU I 28 F 1) S A 43 F 8] 51 7 8k
A 1AL N = 0K Z L AT S0 % R IS Tl BE RRATG . A B R R A A R ) i 2
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At B AT L E LR, B X BRI RASF A R L LIS E LA R A, AR %
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