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Synthesis and properties of 2-n-alkyl-5-(4-n-alkoxyl)
phenyl nitrogen aromatic ring compounds used as liquid crystal

WEN Yan-hao, LI Tan , WANG Zhen, ZHANG Zhi-yong™ , GUAN Jin-tao, DAI Zhi-qun

(Department of Chemistry and Environmental Engineering » Wuhan Polytechnic University ,
Wuhan 430023, China)

Abstract: The nitrogen-containing aromatic ring serves as the polar mesogenic group of the liquid crys-
tal molecule, which can effectively increase the dipole moment of the molecule and improve molecular
dielectric anisotropy, reduce LCD drive voltage. It also increases the interaction between molecules,
which is conducive to the formation of smectic phase states. In this paper, we designed and
synthesized two series of two aromatic liquid crystal compounds, nOBMm and nOBPm series, with
pyrimidine and pyridine as the central element to increase the dipole moment of the compounds. They
were identified by IR, 'H-NMR, "C-NMR and MS spectra, and their liquid crystal properties were
detected by differential thermal analyzer (DSC) and polarizing microscope (POM). Experimental re-
sults show that the molecular structure of all compounds are right, and they have been a wide smectic

phases. It can be used as the effective component of ferroelectric liquid crystal materials or the
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polymer dispersed liquid crystal materials, and provides experimental materials for further study on

large dielectric anisotropy ferroelectric liquid crystal or polymer dispersed liquid crystal materials.
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Fig. 1 Synthesis route of the target compounds
nOBMm and nOBPm
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2.3.1  2-%% K-5-i8 e vg (Ta~1d) 89 & A7

RS T 1 L =B imA 720
mL (0.5M) 9-BBN-THF ¥, vkE: ¥, i+, F5
PR 0 CJ5, 7N 0.33 mol i M nse G %
I 20 CLEA, M 3 h(GC BREE LR 5 1) B
BIA 300 mL 3 mol/L NaOH ¥ . i+ 0.5 h; 5
WA 2 g Pd(dpphHCl,,85.5 g (0.3mol) 2-i-
SR MENE U 20 °C L3 HE 10 h(GC BRER R 5
i SOV 56 42 i I A H A5 B8 Fn, AT 200 mL X3
IR TR A B 3 Wk, K Bk 2 P, JE /K Bt R T
He ZE AR, 2 M (200-300 Rk R A Tk
LRROTE=20+ D, HEEFIIEC HE(50 = 1) H 45 5
G PRa T

2-FF RS- MEIE (1a) « 4 [E4K,55.0 g, mp:
40~ 43 C, 7# & 71.5%; FT-IR: 2957, 2915,
2871, 2842, 1548, 1463, 1433, 1117, 1006, 933,
838, 764, 722 (cm ') ;'H-NMR (400 MHz,
CDCl;)8:8.71 (s, 2H), 2.86 (t, 2H), 1.65 (m,
2H).1.28 (m,8H),0.90 (m,3H) ;" C-NMR (100
MHz, CDCl;) &: 174.36, 159.09, 121.12, 34. 54,
32.23,30.25,16.13; Ms(m/z, %) :257.39 ([ M+
H]",100%),

2-F FE-5-TRMEBE (Ib) - 1 A 14, 61.0 g, mp:
45~ 47°C, 7# # 75%; FT-IR: 2956, 2917, 2848,
1610, 1545, 1519, 1455, 1447, 1430, 1247, 1188,
1070,993.826 (cm ') ;' H-NMR(400 MHz,CDCl; )
8:8.60(s,2H),2.90(t,2H),1.76 (m,2H),1.27 (m,
10H),0.89(m, H) ;" C- NMR(100 MHz,CDCl;)3:
172.25,158.07,125.01, 33.29, 31,56, 29.47, 15.20;
Ms(m/z, %) :273.85(LM+H]" ,100%),

2-BEH-5-TRMERE (Te) IR B AR, 63.4 g, 7=
K 82.5%; FT-IR: 2921, 2852,1573, 1465, 1410,
1371, 1297, 1210, 1092, 1105, 919, 840, 812
(ecm™ ),

2-9F Ke-5-TRMEBE (1) ¥R B (@K, 65 g, 77
% 83%; FT-IR: 2923, 1575, 1468, 1423, 1364,
1307,1210,1092,1105,919,840,812 (cm '),
2.3.2 4R AR (Tla~e) 85 4 &2

TE 500 mL = IR RN A 14.4 g (0.25
mol) KOH,8 g KI,34.6g (0.2 mol) %} & £ 3 F1 200

mL JC/K Z B B HE 20 min S5, A0 0.25 mol IR
B s B [ 3% B Pk 8 b JA 455 1k 2 B (TLC BR
B s R B IR 5 g . 28 5 Ol T 200 mL X2 1Y
CH,CL, 28 Bt — ¥k, 300 mL X 3 /K ¥k & 4%, XK
Na, SO, T8 3 15, 37 18 L 0 T 25 95 7)o U 281

A-THRBERIE (a) . 6B WK, 43.1 g,
bp:103~106°C /4 mmHg, F*%.94.1%; FT-IR:
2937,2901, 1587, 1469, 1458, 1269, 1247, 1166,
1123,1024,817(cm ™),

4-CV S LR (11b) - JC 835 W 1A, 45.8 g,
bp: 132~135C /4 mmHg, =% .89.2% ; FT-IR:
2928,2869, 1590, 1487, 1467, 1284, 1240, 1170,
1071,1001,816 (cm™ '),

A-F S IR (T1e) : T 35 W W14, 36.3 g,
bp:152~156°C /5 mmHg, 7% % .88.5% ; FT-IR:
2894, 2878, 1587, 1468, 1459, 1287, 1254, 1169,
1069,1008,823 (cm™ 1),

A-TRBEREAD . LB AR MAE.54.1 g,
bp:157~159°C/2 mmHg, 7% %.90.5% ; FT-IR:
2907, 2857, 1588, 1467, 1456, 1273, 1259, 1146,
1059,981,831 (cm '),

d-t—PE F IR (Te) « 1 (35 W WAL 47
g, mp: 63 C, f2 %, 90%; FT-IR: 2943, 2914,
1591, 1468, 1447, 1271, 1242, 1166, 1124, 1025
(ecm™ "),

2.3.3 4-BEALFEMER (11la~e) 89 4 &

FE 500 mL = F B M A 4 g (0.165 mol)
Mg #7350 mL Jo/Kk THF, &S, I AE He 7% 1 s
SRR 10~ 15 8 By 4-%8 S TR | &
I P AN 423K 0,15 mol 4-%% S LR A 5 150
mL Jo/K THF % s PR 47 3, )N 2 h, B8 76
B A UK B BRI 2 — 60 CL BN 17.2 ¢
(0.165 mol) B2 =H &5 200 ml JosKk THF %
W FERAE —60°C LA M SE 5 s BT B E IR,
PPE 3 hy A 150 ml 10 % 8RR , 456+ 10 min, #
B 100 mLX 2 IR 2B AR BURTIR K BE R
HpE , JE7K Na, SO, T4 5, 5 1 L 98 28 R 7
LS GRF A e CBE=15+ D /3 H Ak,

4-TAREFRMMR () [ @ E K, 23.0 g,
mp:107 ~109 C, 7= %,78.8%; FT-IR : 3308,
2947,2935, 1603, 1510, 1460, 1354, 1383, 1250,
1160,1112,1027,997 (cm 1),

A-CVE EE PR B RR (ITTb) . (1 8 [ 4K, 25.0 g,
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mp:93~96 ‘C /"% .75.2% ;FT-IR :3303,2954,
2935,1602, 1511, 1465, 1349, 1383, 1248, 1164,
1112,1023,996 (em '),

AR LR R (110 . [ 8 [ K, 27.4 g,
mp:75~77 °C,r5%.73.1%;FT-IR :3303,2937,
2965,1601, 1509, 1438, 1374, 1312, 1248, 1160,
1108,1011.55,987 (cm '),

AT 480 5 R B R (111D - 11 68 % 44, 30.0 g,
mp:83~88 C /"% .76.0% ; FT-IR :3308,2947,
2940,1600, 1510, 1467, 1388, 1350, 1251, 1166,
1114,1035,998 (em ),

A= — e S 3 R B R (T1Te) « 15 €8 [ 44, 30.0
g, mp:88~92 C,™#,76.0%; FT-IR :3308,
2944,2935, 1605, 1514, 1460, 1390, 1348, 1255,
1164,1112,1050,948 (cm '),

2.3.4 29 AR-5-(U-R AR ) 8" (nOBMm)
EORE R

TE 500 mL M = H B m A 82 g (0.6
mol) B BRBR 41, 0.1 mol. Y 2-%% F&-5- 7R £ IE (Ta,
Ib), 1.1 molL Yy 4-%e 8 B R 8 iR (111b, 111d) , 0.57
g By P = 2 5L B 48 (Pd (PPhy), ), 200 mL #J
THF,80 mL By7K, B MBS FE B 6 h
(TLC BRI s 45 1k B, 2 2 % 05, g,
200 mL X2 4R & BRZE WP IR, K e & i L T
K Na, SO, 18 3 5%, o U8, Wl 28 % 505 11 2
B (200~300 H HEME . A M EE) 48 45 i

2- HE-5-(47 -0 A R D) BE IE (60BMB) ¢
M0 & 14 ,29.0 g, mp:49~51 °C, 773K, 79 % ;FT-
IR: 2952, 2912, 2847, 1153, 1539, 1431, 1371,
1265, 1120, 1011, 938, 761 (cm ' );'H-NMR
(400 MHz,CDCl;) & (ppm) :8.84(s,2H) ,7.51~
7.49 (d,2H),7.04~7.02(d,2H) ,4.04~4.00(t,
2H).3.02~2.98(t,2H),1.88~1.81(m,4H),
1.72~1.27(m,16H),0.95~0.89 (m, 6 H) ;"* C-
NMR (100 MHz, CDCl,;) & (ppm): 169. 60,
159.72,154.54,130.84,127.89,126.65,115.36,
76.70~77.34,68.19,39.22,31.86,31.58,29.46~
28.87, 25.71, 22.67~22.61,14.12~14.04; Ms
(m/z, %) :369.88([M+H]" ,100%).

2- PR HE-5-(4 7 A B R L) MR g (9OBMT) .
FEE R 29.4 g.mp:61~63°C, 7% 83%;FT-
IR: 2948, 2848, 1152, 1541, 1430, 1374, 1264,
1121, 1011, 938 Cem ') ;' H-NMR (400 MHz,

CDCl;) & (ppm): 8.82(s,2H),7.50 (d.,2H),
7.04 (d,2H),4.04~4.00(t,2H),3.04 (t,2H)
1.88~1.81(m,4H),1.71~1.25(m, 20H),0.97
(m, 6H);® C-NMR (100 MHz, CDCl;) &
(ppm) :169.58,159.58,154.43,131.14,127.73,
126.25, 115. 27, 68. 12, 39. 08, 32. 01, 31. 43,
29.46~28.87,25.58,22.56,14.12; Ms(m/z, %) :
397.87([M+H]" ,100%).

22 -5 (47 - A B R L) B IE (9OBMS) : H
A ,36.5 gomp:53.5~55°C , = %89 % ; FT-IR:
2950, 2900, 2854, 1154, 1538, 1430, 1377, 1265,
1122,1011.57, 932, 760 (cm ') ;' H-NMR (400
MHz,CDCly) & (ppm):8.84(s,2H),7.52 (d.2H),
7.00(d,2H) ,4.04 (t,2H),3.02 (t,2H),1.87~1.78
(m,4H),1.74 ~1.36 (m, 22H), 0.94 (m, 6H);
BC-NMR (100 MHz, CDCl;) & (ppm): 169.61,
159. 68, 154. 39, 130. 65, 127. 90, 126. 35, 115. 28,
68. 20, 39. 24, 31. 87, 31. 54, 29. 48, 25. 71, 22. 58,
14.12;Ms(m/z, %) :411.69((M-+H]" ,100%) ,
2.3.5 2k AR-5-(47 - AL R ) bR (nOBPm)

9 AR,

SR 2.3.4 A,

2-BEEE-5-(47- TR EL AR FD ML IE (AOBP7) : 1
1A ,28.5 g, mp:47~48.5°C, 75 & 84 % ; FT-
IR: 2955, 2871, 1606, 1577, 1467, 1376, 1283,
1250, 1185, 1067, 968 (cm ') ;' H-NMR (400
MHz.CDCly) 8 (ppm): 8.74 (s, 1H),7.75 (d,
1H),7.51(d,2H),7.19(d, 1H),6.99 (d, 2H),
4.03(t,2H),2.84(t,2H),1.84~1.75(m,4H),
1.57~1.48(m,2H),1.39-1.30(m,8H), 1.29(t,
3H),0.98(t,3H) ;" C-NMR (100 MHz, CDCl;)
5 (ppm) :160.66,159.08,147.23,134.18,133.51,
130.20, 127.97, 122,47, 115. 02, 67. 78, 38. 08,
31.32,30.02,22.68,19.27,14.12; Ms(m/z, %)
326.25([M+H]" ,100%),

2-PEHE-5-(47 2 S AR D) i iE (8OBP7) : H
0 [14,32.4 g, mp:56.5~57.5 “C, /=% 85%; FT-
IR:2957,2919, 2850, 1601, 1507, 1463, 1463, 1287,
1255,1164,1011,854,818 (ecm ') ;' H-NMR (400
MHz,CDCl;) & (ppm) :8.73(s,1H),7.76 (d,1H),
7.51(d,2H),7.20(d, 1H),7.01(d, 2H), 4.02 (t,
2H),2.84 (t,2H),1.84 (m,4H),1.45~1.52(m,
18H),0.92(m,6H) ;* C-NMR (100 MHz,CDCl;) &
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(ppm) : 160. 66, 159. 08, 147. 24, 134. 19, 130. 20,
127.97,122.48,115.02,68.12, 38.08, 31.81, 30.02,
29.43, 26.07, 22.68, 14.13; Ms (m/z, %) : 382. 85
((M+H]J",100%),

2-PF FH-5-C4 7 — b | O OR B b g
(110BP?) : 4 &, [# 14, 25.8 g, mp:55.5~57 C,
3 84% ; FT-IR: 2960, 2918, 2858, 1609, 1512,
1453,1278,1258, 1187, 1001 (em ') ;' H-NMR
(400 MHz,CDCl;) 6 (ppm): 8.73(s,1H),7.79
(d,1H),7.52(d,2H),7.28 (m, 1H),7.01 (d,
1H),6.80(t,1H),4.03(t,2H),2.86 (t,2H) ,1.86 ~
1.73 (m, 6H), 1. 51-1. 29 (m. 18H), 0. 91 (t,
10H) ;¥ C-NMR (100 MHz, CDCl;) & (ppm):
160.58,159.12,147.01, 134.40, 133.67,130.07,
127.99, 122. 63, 116. 17, 68. 72, 37. 91, 31. 93,
30.04,29.63,22.71,14.14; Ms(m/z, %) : 424.82
([M+H]J" .100%).,

2- BE-5- (47 2 AR ED L IE (8OBPS) : [
R ,31.0 g mp:43~44°C , 773 88 % ; FT-IR .
2952,2847, 1153, 1539, 1431, 1371, 1265, 1120,
1011,938 (ecm ') ;' H-NMR (400 MHz, CDCl;)
& (ppm):8.73(s, 1H),7.77 (d,1H),7.52(d,
2H),7.21(d,1H),6.99(d, 2H),4.03 (t,2H),
2.84(t,2H),1.86~1.73(m,4H),1.51~1.31(m,
20H), 0. 91 (m, 6H);"* C-NMR (100 MHz,
CDCly) & (ppm):160.68,159.07,147.25,134.20,
133.52, 130.22,127.99, 122. 48, 115. 03, 68. 13,

38. 099 31. 899 30. 029 29. 509 22. 689 14. 13; MS
(m/z, %) :398.81([M+H]",100%).

3 4R5i#%

AR LA WA I AR AL I PR M A 1 5 # PR DL
A BE N R S AL BT A R T AN R 3L 7
AW Bra B B bRk & 9 K5 3 v ) 4 34 28
i IR\"HNMR, " CNMR Fll MS #4745 ¥ % &2 , 45
RFZW A G BB Y5145 E; B
B A A 4 1 A A5 L BE AN A AR A 38 3 25 o T
5 (DSCO M3 AR, T I AN R IR 2R 28 3
5 °C/min) ; ¥ & AH 2 2040 38 1 I Ot B 108 A5 AR
(POND W 328 43 A7 5 I % W g B4 1 ik W A8 1 260D 1
FE 3 TP B X R AR I B 45 R AT T AT
3.1 HRUAYHRBRBESSH

H F5 1k B 0 1 R 2 72 R R R R A A A B0
SrBIILEE 1 R . AR 1 AR AR SO ) mE
AT 4L 4% nOBMm FlL e 3R R 504654
nOBPm #B H 74 I & A WA A 255 B AT IE S
(48~63 “C) FITH Z% /5 (83 ~87 “C) M XF &% 5 H:
FALA Y 4OBP7 A1 60BMS Ay AH 25 1L Y5 Bl AH
PS8 s s AR L 1 HAL & 4 60OBMS 1) B [ 5
A 14.66 °C 53X nl 682 o8 & &/ 05 3 0 &R 7
b Ui 55 300 L WEIN T A W AE R RN Ay - TR AR
FH 775 DT A 5 A~ 28 81 04 46 4 9 40 8¢ B 30 & A1
R T E A RZIR R

*®1 B##& &% nOBMm #1 nOBPm AR E

Tab.1 Phase transition temperature of target compound nOBMm and nOBPm

Comp. Phase transition temperature(°’C) and enthalpy(J/g) ATSICC)

10BP7 Cr 48.26(2.64) SmA 84.02(2.85) Iso 82.91(2.00) SmA 38.92(1.78) Cr 35.76(43.99)

8OBP7 Cr 57.23(11.99) SmB 87.04(43.10) Iso 86.79(44.92) SmB 53.70(14.39) Sm(C34.79(18.66) Cr 29.81(52.0)

8OBP8 Cr 51.91(72.47) SmA84.74(45.01) Iso 84.07(47.53) SmA 45.24(64.97) Cr 32.83(38.83)

110BP7 Cr 56.18(62.39) SmC 83.23(32.81) Iso 81.73(1.80) SmC 36.78(1.53) Cr 27.05(44.95)

Cr 49.11(112.0) SmB 61.42(6.62) SmC 87.97(26.54) Iso 87.17(28.23) SmC 61.95(7.39)

60OBMS 38.86(72.51)

SmB 14.66 (57.74) Cr
Cr 62.99(81.67) SmC 69.27(0.45) SmB 87.0 Iso 82.13(0.74) SmB 67.75(0.49)

90BM7 24.01(51.57)

SmC 30.15(3.68) Cr
Cr 57.65(75.81) SmC 72.16(13.95) SmA86.31(29.49) Iso 85.54(31.69)
90OBMS 28.66(51.40)

SmB 71.54(14.20) SmC 34.14(68.81) Cr

HCr A Z , SmA . SmB, SmC 43 B2 T A A B.CsIso £ ) [ B s ATSI & AH 25 15 5 i

o VRS N R IR TR A v A TR A S TR R
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3.2 HmHEESH

3.2.1 e A4 4OBP7 #= 8OBP7 #4948 & 4 #F
PLHFRL G ¥ 4OBP7 F1 8OBP7 Wy ] , AR 42

DSC 3t 1 A AE I B2 ARG AR AR5 5 DL & POM

32 A AR 2 2R AT I 40 T

03

38.924C

0.2
~ 82914C
%0
.« 0.1

44.660C
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Fig.2 DSC spectrum of compound 4OBP7 (top) and
POM (SmA texture, X 100) (under) when
cooling to 80 C
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Fig.6 DSC spectrum (left) and the SmC texture cooled to 60 C of compound 9OBM7 (X100) (right)
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Tab.2 Comparison of structure and liquid crystal phase properties of Pyridine(Pyrimidine) compounds

Comp structure Phase transition temperature/C ATSI/C

1 CHs O—QOQHQ Cr 48.26 SmA 84.02 15082.91 SmA 38.92Cr  35.76(43.99)
N

2 QHHWOQHQ Cr 55 SmC 63.5.N 69 Tso 8.5

N

N= Cr 49.11 SmB 61.42 SmC 87.97 Iso 87.17

3 GHy— OCH, 38.86(72.51)
N SmC 61.95SmB 14.66Cr

4 Cr 40 SmA 60 N 64 Iso

OCsH;5
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