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Al: X=H, Y=H, Z=H: B1: X=H, Y=H, Z=H;
A2: X=F, Y=H, Z=H; B2: X=F, Y=H, Z=H:
A3: X=H, Y=F, Z-H; B3: X=H, Y=F. Z-H;
A4: X=F, Y=H. Z=F B4: X=F, Y=H. Z=F

Fig.1 Target compounds(A) and the comparison structures(B)
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A2: X=F, Y=H, Z=H; A4: X=F, Y=H, Z=F

Scheme 1 Synthesis of target compounds A1—A4

1.2.1 FEEL A K ERRRIT, R IA =R (11,27 ¢, 0.043 mol) | 40 mL HIK
F1220 mL N, N-ZH LG, e A IARTBUR HEE (10 g, 0. 043 mol) , IMFAZE 100 °C, FHhN—
AT OFREN(13.2 g, 0.086 mol) A1 140 mL N, N-— I 3 F Bk Jiie (TR A5 VA, T S8 R0 30 S 0, 3l 2ot 74
JZIEHT(TLC) W 2 T8 R A 45 1k S 0. BRI 2R =08, A 100 mL K3 FE, BHLE LK e IE T
IKBRBREE T M, 1L g, TR ZR TR R a Gk, DUEBEG e, Stk 2 Hralifbqs 2] b a4 1
(11 g), FAAMEIEE(GC) MARLLEE N 97. 9% , WCF 75%.

122 K2 ek Lh2a G E. 2RSS T 1) 5O o AT BUR e (10 g, 0.046
mol) . 60 mL =%, =ZKIEWBE(0.36 g, 1.38 mmol) . ALV (0.26 g, 1.38 mmol) A1 ( =IKILE)
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TEEH(0.32 ¢, 0.46 mmol ), BEFERAZ, N = H AR 2P (6.8 g, 0.096 mol) Al 10 mL. = ZJi%
MR AV, TS T T R 2 he (5 1k RN, S u8, BEfe 28 T U8R 5 BT A5 0L & B R R, FK
VR, JOKBRRREE T, A U8R K IR E AR B 4w 7], BT ARL 28 I B R4S S R 4L [k 7.5 ¢,
F GC RINAF4E B R 99. 2% , WK 86%. ¥ 45 B 1) 21 € [ 44 fin A 21 = b i, AR oo A& A fk A
(2.2 g, 0.039 mol) | 20 mL /KIFW A 70 mL LB, ZIR FHEFESN 1 h 545 1k SO0 [ W FH R 3
BUR, HKEEZE T, FJOKGRRREE T, wlug. UEMZE IRV A S £ (A FH 1E B e/ B RTR A i
PSS, SR EAK 2a(3.6 g), H GC IEMASLAEREE K7 98. 1%, W% 78%. R ik & ik &9
2b~2d.

123 FEEI AR DR 3a B9 B0 ZEZSARY T = B RO AR OO A A 1
(2.2 g, 8 mmol) . 10 mL =M, =Z3EE(0.06 g, 0.24 mmol) , LA (0.05 g, 0.24 mmol) Fl—
( =R SAAE4E (0. 06 g, 0.08 mmol) , iR %I, WA 2a(1 g, 8 mmol) Fl 10 mL = Z &Y
RAW, W TEERNL 2 h, Ik, i, IERIEARRR L = e, Prisiats c s 4 F H R A
KR R E FHJCKBRREE T4, b U8, IEWIERE 28 T /5 FIEBRE S 45 A8 1. 4 ¢ thlaliA 3a, I GC &
MFSELE R 98. 8% , Y 67%. R FHAHIE 7 kA s E {4 3b ~3d.

124 HEAtAH A WAER DILEY AL BGRB8 BI. 78 = 100 RN o AR 2 45 (0. 82 g,
8 mmol) , 10 mL 7KF1 30 mL 4805, FEIEZE 0 CLAF, IIABDES(1.26 g, 16 mmol) , HEFEHZI, hn
ik 3a(1.4 g, 5 mmol) Fl 5 mL &5 MIRA W, ST NN 2 h, A TLC Wil % JC Uk
Tl A5 B 11 S g K B R VR LAY, AKZ I AR R R (5 B 1% ) TRk G A 2B, A I A AL
L, RIZKGEZ M, FJOKBRIREE T, ik, DEWRNEZR IS 15 SR FH IE BEe ve e, 2aAE 2 hralifbis
FIHFMEAEY AL(1.5 g), F GC 3L MASF4l N 98. 69% , YK 92%. K HAHIR Jrik & i B brfk &4
A2~ A4.

P AR H Ak & At SR BOEEOE S T3 1, 20N Fi g LR Edm 51 7 3% 2.

Table 1 Yields, appearances, melting points and MS data of the intermediates and target compounds

Compd. Yield( %) Appearance m. p./C MS, m/z(RI, %)
1 75 Colourless liquid — 266.1(M*, 100), 139.1(24), 119.1(41), 99.1(10), 63.1(7)
2a 78 Brown solid 101.6—102.8 117.0(M*, 100), 89.0(25), 63.0(5)
2h 56 Brown liquid — 134.9(M*, 100), 107.0(17) , 88.0(6) , 67.5(3)
2c 68 Brown solid 45.1—46.0 135.0(M™*, 100), 107.0(24), 81.0(3), 67.6(3)
2d 55 Brown solid 65.0—67.2 153.0(M*, 100), 125.0(11), 106.0(12), 76.4(3), 62.0(1)
3a 67 Brown solid 105.5—108.7 255.1(M*, 100), 207.0(5), 176.0(2), 127.6(11)
3b 65 Brown solid 90.5—93.4 273.1(M*, 100) , 225.0(7) . 136.6(11)
3¢ 50 Brown solid 101.8—104.5 273.0(M*, 100), 225.0(5), 136.5(7)
3d 31 Brown solid 88.0—89.5 291.0(M*, 100), 271.0(2), 243(5), 145.5(7)
Al 92 White solid 73.4—73.9 297.7(M*,100) , 265.8(24), 238.7(41), 189.6(23), 148.9(55), 119.4(27)
A2 67 White solid 96.3—97.7 315.6(M*,100) , 283.8(26), 256.7(36), 207.6(18), 158.0(61), 128.5(30)
A3 79 White solid 92.2—93.2 314.9(M*,100) , 283.0(8), 256.0(14), 207.0(6) ,157.6(19)
A4 68 White solid 120.3—120.7 333.6(M*,100), 301.8(27), 274.7(35), 167.0(61), 137.4(23)

Table 2 'H NMR and IR data of the intermediates and target compounds

Compd. 'H NMR(CDCl,, 500 MHz) , & TR(KBr), #/cm™!
1 5.18—5.24(q, 1H), 7.05—7.09(d, 2H, J=8.5 Hz), 7.64—7.66 3038, 2926, 2307, 1900, 1729, 1675, 1489, 1400,
(m, 2H) 1355, 1249, 1169, 1006, 940, 839, 801, 704
2a 2.95(s, 1H), 3.81(s, 2H), 6.59—6.60(m, 2H), 7.29—7.30 3486, 3388, 3037, 2918, 2609, 2250, 2096, 1619,
(m, 2H) 1513, 1305, 1201, 1177, 1050, 939, 829, 672

2b  2.51(s, 1H), 3.88(s, 2H), 6.68(s, 1H), 7.10—7.13(m, 2H) 3476, 3382, 3296, 3225, 2926, 2664, 2186, 2104,
1628, 1515, 1439, 1365, 1246, 1187, 1122, 941, 874,
819, 598
2c  3.18(s, 1H), 3.94(s, 2H), 6.34—6.38(m, 2H) , 7.22—7.26(q, 3482, 3389, 3268, 2103, 2609, 1626, 1509, 1331,
1H) 1117, 957, 849, 742
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Continued
Compd. "H NMR(CDCl,, 500 MHz) , & IR(KBr), #/cm™

2d  2.90(s, 1H), 3.83(s, 2H), 6.86—6.93(m, 2H) 3479, 3392, 3287, 3073, 2982, 2925, 2112, 1732,

1643, 1580, 1526, 1337, 1262, 1099, 959, 859, 800,
716, 691

3a 3.83(s, 2H), 5.24—5.30(q, 1H), 6.26—6.64(q, 2H), 7.27— 3471, 3377, 3091, 3034, 2209, 1617, 1597, 1517,
7.29(d, 2H, J=8.5 Hz), 7.33—7.34(q, 2H), 7.44—7.46(d, 832, 725, 671, 528
2H, J=8.5 Hz)

3b  3.90(s, 2H), 5.24—5.30(q, 1H), 6.70—6.73(t, 1H), 7.12— 3450, 3367, 3046, 2205, 1630, 1570, 1520, 834, 767,

7.18(m, 2H), 7.28—7.30(d, 2H, J=8.0 Hz), 7.44—7.46(d,

607, 536

2H, J=8.5 Hz)

3¢ 3.94(s, 2H), 5.24—5.30(q, 1H), 6.38—6.41(t, 2H), 7.28— 3501, 3406, 3094, 3032, 2207, 1626, 1605, 1523,
7.36(m, 3H), 7.44—7.51(m, 2H) 838, 741, 675, 605
3d  3.88(s, 2H), 5.25—5.31(q, 1H), 6.98—7.05(m, 2H), 7.29— 3449, 3329, 3072, 3045, 2213, 1642, 1578, 1525,

7.31(d, 2H, J=8.5 Hz ), 7.44—7.46(d, 2H, J=8.5 Hz)

Al 5.26—5.32(q, 1H), 7.19—7.21(d, 2H, J=8.5 Hz), 7.31—7.33
(d, 2H, J=8.5 Hz), 7.49(t, 4H, J=16 Hz)

A2 5.26—5.33(q, 1H), 7.15(t, 1H), 7.26—7.33(m, 4H), 7.47—
7.49(d, 2H, J=8.5 Hz)

A3 5.26—5.32(q, 1H), 6.96—7.02(m, 2H), 7.31—7.33(d, 2H,
J=8.5 Hz), 7.46—7.51(m, 3H)

A4 5.27—5.33(q, 1H), 7.09—7.13(m, 2H), 7.32—7.34(d, 2H,
J=8.0 Hz), 7.47—7.48(m, 2H, J=8.5 Hz)

2 H#R5iTiE

21 EHAE

LS A R, R AT B CHE. Fuqua % DI— 5 TR S BRANAN = IR LI 5
BESERIR A INAAE] 160 °C KN, A T 9 LA 28 9. Douglas 557 560 10 H ot R = 2R S i
7 H I i R S N AR B R O SR. Ueki 26 DU S(0kIe ( THF ) BAC H B — Wik, #5-78 °C
TR IR LR 2 f509 = ( L) 1B By il A5 — 5O H B 2 . AR SCRH A SR O R
WY, LA N N-ZH LR R s ), ORI VR D B RO A, 5 R R R RN, K N R B I
100 °C /i 6 h, 15 F] 5k R AR 1 RY 1-(2,2- 3 L0038 -4-10R. 2007 Rk BRI 1) = R L A A
B = (O M) IO, BEAR T AR AS 5 ik S 1 B AR T B K B S T 20 SO g 2, S g 4
YRR EAL, WORTATIR 75%. TEARIRI RS S 0F T, SRS [R] A SIS X I 0 45 SR 5 ma 4K, 52 3 45 2R L
% 3.

840, 720, 617, 536

3078, 3032, 2202(C==C), 2109(NCS), 1608, 1518,
942, 840, 806, 620

3090, 3036, 2209(C==C), 2048(NCS), 1602, 1514,
937, 845, 779

3072, 3032, 2217(C==C), 2106(NCS), 1613, 1515,
938, 867, 852, 605

3096, 3033, 2214(C==C), 2050(NCS), 1620, 1515,
941, 849, 706, 624

Table 3 Effect of different substrates on the reaction

Substrate n( Target product) :n( Raw material )
4-[ (3-Fluoro-4-isthiocyanatophenyl ) ethynyl | benzaldehyde 0:100
4-Ethynylbenzadehyde 63:24
4-Bromobenzaldehyde 64:24
4-Todobenzaldehyde 85:12

H 2 3 WA, SR 4-BOR RVERIRY), ROV &, Tk 85%. SEIe1E ] 4-B0R 2RI
YrAR T OCEET AR 1-(2,2- 9 ORI ) -4-I0R | SRAAE 2T i ii AT 2 oy skl gz b alik
1 GC 4B Al ik 98%.

2.2 #ERE

SRHZE R ERGE (DSC) WX T BAs b &Y A2 tuib G0 B ik fe, THR IR A 3 K/min,
A5 3] )RR B 72 U B B K (B R AR DL 3R 4. SR FHR 't S 358 ( POM) X B ARk & 9 0 AR A2 il R A 7 5%
(K 2), POM MR R Binfb &AL S DSC A5 R &
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Table 4 Phase transition temperature and enthalpy change of compounds A1—A4 and B1—B4 "

Transition temperature/ °C Enthalpy change/(kJ + mol™")

Compd. . . Heating process Cooling process
Heating process Cooling process

Melting enthalpy ~ Clearing enthalpy ~ Melting enthalpy ~ Clearing enthalpy

Al Cr73.39 N 13529 1 1134.00 N 68.64 Cr 25.11 0.49 -0.40 -12.10
A2 Cr 96.28 N 127.65 1 1126.75 N 89.67 Cr 27.92 0.32 -0.42 -26.86
A3 Cr92.21 N 132.64 1 1110.69 N 84.33 Cr 26.62 0.38 -0.02 -19.80
A4 Cr 120.29 1 1108.03 Cr 32.03 — -27.35 —
B1 Cr94.58 1 189.56 Cr 25.07 — -15.37 —
B2 Cr70.76 1 144.93 Cr 23.83 — -16.21 —
B3 Cr73.861 150.00 Cr 26.65 — -25.21 —
B4 Cr81.871 163.99 Cr 15.08 — -16.87 —

# Cr; Crystal; N: nematic phase; I: isotropic.

A)

Fig.2 POM images of compounds A2 and A3 during heating process(200x)
Nematic schlieren texture of A2 at 102. 1 C(A) and A3 at 100.5 °C(B), respectively.

H 2 4 B T, SRumBE A o 50 B RS W oW e, & R O m R S PIBR A4
AP G PR AT~ A3 35 52 B4 0 1) 1] 0 R I B BT (4300 62, 31 1 40 °C) FIEE i 1) 1 5% A
(>127 C). XIEM T SHMMZIEFEA L, AMORR R RIS 2K P8 5098 i K py L 4a ik
R, BT R, I B E. AR A AL R LAY BLIRIK T 21 €, kA
Y1 A2, A3 Il A4 5 S TAIRN S Ak &9 B2, B3 F1 B4. L& A1 A1 A3 ARG 51689
B1 Fl B3 #H2Y4, L&) A2 Fl A4 SRS E 51659 B2 F1 B4 AH L 5.

HE 3 AT, XA AL~ A4, R [R1ZCE [ Nematic phase

o Bl
RT3 0 AL e 29 B v . b 2] “"“a‘
Y AL~ AdFHE A IR 30 5 AT S A1<A3< 2 w0 _
A2<Ad, BIAEERON ) 3505 T IR B L o S gl | b
. ALA AL~ A4 1 AR IR FE DX i) B2 O 1) 96 Seofbl | |
ARHEHCH BRI , 45 X A 7 i — SRt e N /
RS 22 TSR T4 A ER N 151 AR i
ST, WY A B 1 T P B R T 85 55— Ad
D7 TH R A 43 6 B RS s T B3 TA) B 3 , T Fig.3 Effect of lateral fluorine substituent on the
oy EVER 7@?/]‘, X2 NHEE RS T thermal properties of target compounds

R, 124 X A Z (AT GRG0 i 2 R Al—A4
TR 5rFAHE A3 F SEBEE— 2B B, SRR HLBEAIS T 40 F VR 1, DATT 3 350 A AR T 2%
2.3 YEltkee

¥ BB Y A1~ Ad FIZ AL B1~B4 5351 LA 5% 89 J5 43 500 in 3 3L mli ic 7 PO i i
RAWEE T, T 25 C FMERIRA RS A ERTERE S8, ARAE LR A2 SN 2145 0 5 SR iy
ST 5 R A5 1) S A
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An, =xAn, + (1 - x)An, (1)

Ag, =xAe, + (1 —x)Ag, (2)
K Any,, An, B An, 7351085 EIRG R | B PAMIERIECTT PO BIBETSTR; As,,, As Ml As,
R E FIRGIRR | WA PARFIEERITEC )7 PO A %%ﬁ#@@ﬂﬁﬁ?ﬁmﬂﬁﬁﬂ%Mmﬁ
PRI T RE b 2

lgy,, =xlgy, + (1 - x) lgy, (3)
Ay, v My, R E FIRGAER | WA AIEREBCTT PO BUBERE B . TR -G WA BEVER
HOR I 5 .
Table 5 Physical properties of the mixtures
Mixture or compd. Ae v,/(mPa+s)  An(589 nm) Mixture or compd. Ae v,/(mPa+s)  An(589 nm)
PO 5.63 156.5 0.080 Al 5.23 1.83 0.483
A1+P0O 5.61 125.3 0.1002 A2 9.63 4.40 0.478
A2+P0 5.83 130.9 0.0999 A3 6.03 4.46 0.474
A3+P0 5.65 131.0 0.0997 A4 10.83 2.25 0.442
A4+P0O 5.89 126.6 0.0981 B1 16.83 5.43 0.442
B1+P0O 6.19 132.3 0.0986 B2 21.23 5.12 0.428
B2+P0 6.41 131.9 0.0974 B3 10.03 2.33 0.436
B3+P0 5.85 126.8 0.0978 B4 26.23 4.97 0.390
B4+P0 6.66 131.7 0.0955

% 5 nl%n, LAY A1~ Ad HAL &%) B1~ B4 FIXET SR K 0. 038 ~0. 052, XA h L H
R 5 ORI B T R AR R B 0 1) SRR BN, AL YR ST B R
T%ﬁ%,t%l%%ﬁﬁﬁﬁﬁMﬁ%¥ﬁﬁ%ﬁ LHER R o BT, (b &Y A3 T 3R
WART A2, X PTRER T Y (v b A SRR L i etk — S, o DA LA SF- T 2540 1) R B e
ATRB M, SRR T AR A KRR N, I R BN R T R 5aY
B1~B4 L, tLEY A1~ A4 B A3 AP TG W EA EARNIE AR ; (LEW AL~ A4 A&
RSN, XOEH T R OIS RO EUE 2 S T 2R S B SR Wi, AR 7 1) A
B, RS> T AR RS /46T . fL A AL~ A4 Fifi 25 000 1) S0 B0 38, A v 4% i) S P (6 .
G A3t A2 BA /N LA ) SR, LEIﬁYﬁﬁmﬁﬁﬁﬁ%ﬁ%ﬁﬁmmﬁ S
i o AR — 2 )N,

N PR R S YRR R, SR Gauss BRI XHE S8 XU B R b AT T HLS A, 4
L3 6.

Table 6 Calculated and measured birefringence of the investigated compounds

Compd. ayy/a.u. Ayy/a.u. ay,/a.u. Aa/a.u. a/a.u. An
Al 561.68 182.26 27.67 456.71 257.21 0.4707
B1 499.02 167.39 41.05 394.80 235.82 0.4606
A2 573.76 181.83 27.81 468.94 261.13 0.4552
B2 511.26 166.88 41.19 407.23 239.78 0.4439
A3 568.17 185.07 27.75 461.76 260.33 0.4483
B3 504.46 169.34 40.83 399.37 238.21 0.4354

IR T, FIIMALR (o) TR [ 5P (Aa) HESR PRS0 RS R ayy, ayy
a,, TEASE] R Vuks A, BUEE R 1.0 g/em’, FFBE0N 0.6, HHESSDT SR, & 6 Hdh
A, A RIMEA DRI AL RS 0 S R AR B RIMEAY). R4 Vaks A3, BTHHRAE IE
THAL R 0 T, FIRE T A 29LEWIH B RIS HA T m R R . [[EE, BT
L&Y A3 AR S/ N T A A2, PRI ST S Rt /.

2.4 EHRHA

YA &9 A1, A2, B1 Fl B2 430 LAAR R T & 43 B0a I 2 [/ —A~ EAREC v, T 25 Clli L 28

PERE, G5 R 7.
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Table 7 Physical properties of the mixtures

Mixture Composition T,/ C T /C An(25°C, 589 nm) vy, /K{/(ms+m?)  FoM?/(m?-s™")
Mix1-A  Host 1+8%A1+8%A2 -17.72 106.05 0.4179 11.71 14.9
Mix1-B Host 1+8%B1+8%B2 -16.81 88.96 0.3935 13.07 11.8
Mix2-A  Host 2+6%A1+6%A2 <-40 81.66 0.3797 10.84 13.3
Mix2-B Host 2+6%B1+6%B2 <-40 67.24 0.3559 11.26 11.2

a. T,,: Melting point; b. T,;; clearing point; c. y,/Kj; : viscoelastic coefficient; d. FoM: figure-of-merit.
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Synthesis and Properties of Novel Isothiocyanatotolane Liquid Crystals with
Terminal Difluorovinyl Substitute’

LI Juanli'*?, PENG Zenghui’, LI Jian"*, HU Minggang">, AN Zhongwei'>** | ZHANG Lu"?
(1. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi’ an 710065, China;

2. Optical and Electrical Materials Department, Xi’ an Modern Chemistry Research Institute, Xi’ an 710065, China;
3. State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China;

4. School of Materials Science and Engineering, Shaanxi Normal University, Xi’ an 710119, China)

Abstract Four kinds of new isothiocyanate liquid crystals composed of tolane core and difluorovinyl terminal
group ( A1—A4) were synthesized via five step reactions based on 4-iodobenzaldehyde, and four ethyl
analogues B1-—B4 as comparison structures were also prepared. The structure characterizations of all related
pro-ducts were performed using infrared spectrometer (IR), 'H-nuclear magnetic resonance (' H NMR) and
mass spectrometer ( MS). The mesomorphic properties were investigated by differential scanning calorimeter
(DSC) and hot stage polarizing optical microscope ( HS-POM ). The birefringence values and rotational viscosi-
ty were extrapolated. The results showed that the target compounds A1, A2 and A3 exhibit wider nematic
phase range(31—62 °C ). Replacement of ethyl chain by difluorovinyl as terminal group is enabled to not only
enlarge the nematic phase temperature range but also increase birefringence ( An=0. 038—0. 052) and reduce
rotational viscosity. The high birefringence mixtures based new liquid crystals with terminal difluorovinyl sub-
stitute have wider nematic phase range, higher birefringence, lower rotational viscosity and larger figure-of-
merit( FoM).

Keywords Difluorovinyl; Isothiocyanate; Nematic phase; Birefringence; Rotational viscosity
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