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Synthesis and properties of isothiocyanato
pyrimidine acetylene liquid crystals
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Abstract: The pyrimidine ring outside of the rigid core ring of liquid crystal molecules used as a polar
mesogenic group, can effectively increase the molecular dipole moment and intermolecular force, im-
prove the dielectric anis-otropy of the compounds, reduce the driving voltage of the liquid crystal, and
also favor to form some smec-tic phases. In this paper, where pyrimidine acetyleneisused as the
central structural unit and isothiocyanide asthe end group, we could see that a series of liquid crystal
compounds (nBTM-NCS) about five compounds were designed and synthesized. The molecular struc-

ture of all compounds were identified by IR, 'H-NMR, “C-NMR and MS spectra, and their liquid
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crystal properties were measured by differential thermal analyzer (DSC) and polarizing microscope

(POM).The experimental results show that all the compounds have the correct molecular structure

and smectic phases. The melting point of the compounds is high and it shows a parity effect. Its optical

anisotropy reaches about 0.45, and the dielectric constant is about 22 to 24. It can be used as the com-

ponents for ferroelectric liquid crystals and polymer-dispersed liquid crystal materials.

Key words: pyrimidine acetylene; high dielectric anisotropy; smectic phase liquid crystals; high

optical anisotropy; synthesis
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W B T8 400 00 & 5 Tk R AF R A
Bl 40, Bradshaw M. J 25 18 2 AR w0 25 119 i
F2 7 2R AT I [ 1Y R o 35 P X 2- (47 -IROAR
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57 BN A A SR 43 A H PR BE Y R ) 4R
K &R R B v B8R, 3 AT Ak Ak M R

S, A HLH RO R B G e AR I S 2 LA
J - 2 5 3T 4 TR B ) T 1) A A A
5 H § i 3E & A 22 G W 2 2 DLW 5 1) B
FHAS W R B 7 B 2 1) 5 )
T A P EAR A DL 2% 3R AU I R T
HhC R AN 1Y St Bk — 0 f) B S HRGE

AR DL B KO 4 F A A R, DL AR
s AF 25 VR R A R A% ) S R RO 2 A )
SR H AR SR DL BE 3R 2B Ry W 4
F BTG, DL S B AR Sy B P i O E PR R
J i TR O 5 B RS — L DS R A
B A0 A L & T A R 2- 5 A R -5 (4% A
T M E Z 28 (nBTM-NCS) 16 & 91, UL
AAF A HL A 0] 5 1 L O A A T M A TR
EW . VB R & A7 WA A & W S5 4 5 A
BHREM N TE R R, ik — 25 5% & A LA )
SV Ak F VR A R R B3R B W A BIOWR o B AL B
[ 5250 M

2.1 XE5RFA

Thermo %% # 330 FT-IR %I 41 4b % 3% 1%
Varian A # INOVO400MHz # % £ 47 4% (TMS
WHR, CDCL, F¥EFD ;s Thermo A7 LTQ XL #J
JAEAL, TA 227 Q-2000 5 25 B43 b 1 il 1% 5 At
SR AN ] XA BB O A BB A
A XPN-100E #5 fi Sl s AL RIS

TR A-de LV AR ZE (99 %) g B T AL £ B
b T AT BR S 7] 2- 52 JE-5- 1R W5 i (98 %) I [ kI
W2 5 TR A PR A AL SR L 2-H R T R -
2 IR FE I R e N (kAR D Bl [ R U
b2 3 AR A B 5l 5 Pd (D fi# 46 5] (Pd (PPh;, ),
CLOM™ H i,
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22 BRUED2ERHmEES[(4-REFXE)

ZIRE L (nBTM-NCS) & B :

2.2.1 2-FAEAES [ A RE) Tk E
% (nBTM-NCS) #) & 5 % %,

1 PAADEAAE T R 4-Be IR S 2-
HHOE T e lst-2 IR R N )5 P 2- 2 - 5- TR g g
AR B AR B 2- i BE-5-[ (47K R ) &
Bk s e 5 B G ARUR N AS B H RS Y
2-5¢ B AHE-5-[ (4B R BE) & B gL ] mE g
(nBTM-NCS) &4k &4, L5620 JR W g, ™=
R, HARMEWE 1 FR.

Pd(PPhy),Cl, KOH
H2n+1CnOBr = H Hane1Co =
PPhy CulEt;N i3

—N
%g(i_’ Hzm,cn—@{—{ N/>—NCS
(NBTM-NCS),(n—C2~C6 alkyl)
E1 HirfbkEY nBTM-NCS )& B2k
Fig.1 Synthesis route of target compound nBTM-NCS

2.2.2 AR AOR T ey R

B 250 mL A BRI REHE, A 0.35g(0. 000 45
mol) Pd(PPh;),Cl;,0. 35 g(0.001 3 mol) PPh;,
0.17 g(0.000 89 moDl) MLk W4 ,0.05 mol X % Ft
TR ,8.4 g (0.1 mol) HIIE T HLEE, 100 ml 1 = 2,
e BRI 10 b, TLC R B2 I W it
JE . XRS5 4 A IR A R B E
T HIE R KGRI 0 = LW LR LRV A
AL KWL K Z N T 6 A DL T4 BR
IR RARE L,

B 250 mL B = HBEH, A IR K ,5.6 g
(0.1 moD) & A AL, 200 ml &Y H 4, &A™,
I, TLC 8RB S N i BE L 15 ek} i B 58 4
J5 s SV B 2 I Bl R A ALARK Bk = b
T A2 BT (200-300 H R AR L BR &%
S A5 3 B AR 7

A-CFER OB R B AW, 4.2 g, 7K
68% ; FT-IR: 3290, 2966, 2107, 1507, 1451, 831
(ecm V),

A-TNFE IR & B IR B 0 W 1K, 3.9 g, 7 R
54%; FT-IR: 3293, 2957, 2098, 1502, 1447, 831

(em™ 1),

AT OB RE O WA, 4.8 g, 7 K

60. 7% ; FT-IR:3290,2967,2101,1512,1463,835
(ecm™ "),

A-TGHE 2R 2 B IR WA AR, 4.7 g, R OR
58% ; FT-IR: 3289, 2977, 2111, 1514, 1453, 833
(ecm™ "),

4-CRR B AWK, 5.1 g, 7% 59.3%;
FT-1R:3295,2954,2107,1521,1457,828(cm '),
2.2.3 2R EAS[U-mAFI LR ATER

(Tla~e) % & 5%,

W 250 mL 9 = HUBS R . R IA 0,022 mol
A-FE 3R Z 4 ,3.4 g (0.02 mol) 5-TR-2- 2 FL W g
0.08 g(0.0003 mol) PPh;,0.08 g(0.00011 mol)
Pd(PPh;),Cl;,0.04 g(0.0002 mol) Cul, 60ml
Et;N f1 60 mL DMSO, &%, R X E 5-
S A 10 h, TLC B & 52 0 oF B (R JF
Fl AL R OBE =2 1), 5-1R-2- 3L g
WE 2N 58 42 J o 45 1k R, v 2R T E L uEEH
LR CTRVE IR, 080 B 25 08 h KA = &
Jie » TR T Ffk o TR0 R 1) SEAR B K VS Lk 22 0K )2
Tt A LA T8, B R, A2 AT CRE i
200-300 H ke . At . LR OTE=1: 5),
W AR B A EA

5-[(47-2 F& K ) £ B 3 ]-2-5 5 mE g
(Ila) RO FE A ,3.6 g, mp:102~110 °C,f=%K,
44% ;FT-IR:3390,3191,3020,2956,2930, 2859,
2208,1716, 1628, 1596, 1520, 1459, 1331, 1288,
1192,1106(cm 1),

5[4 - NIRRT & Pk 1-2- 2 FE 5 g (T0b)
REOE A, 2.7 gomp:100~108 °C, =%, 37%;
FT-IR: 3389, 3192, 3025, 2954, 2931, 2207, 1594,
1523,1452,1424,1319,1287,1190,1107(cm '),

5-L(47-THIRIL) LBt |-2- 2 B mE E (T1o) .
RE MK, 3.8 gomp:98~101 C, =% .39%;
FT-IR:3387,3190,3019,2955,2931,2865,2212,
1713,1633,1597,1571,1523, 1465,1431,1333,
1284,1106(cm 1),

5-LC47-I% 36 2K ) £ b 3 25 5 mE g
() RF O R, 3.5 g, mp:87~94 C, =&,
A7% ;FT-IR:3389,3191,3020,2954,2931,2852,
2203,1596, 1570, 1524,1471,1432,1331, 1288,
1192,1106(cm 1),

5-L(47-C AR EL) LB |-2- 2 HL g g (Tle)
R E R, 3.9 g.mp: 88~95C, FZ K. 40%;
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FT-IR: 3389, 3020, 2956, 2 930, 2859, 1628,
1596, 1520, 1459, 1432, 1331, 1288, 2001, 1112
(ecm™ "),
2.2.4 2-FFARRA-S-[ U AR T A ]
(nBTM-NCS) # & &[22+

B 250 ml (9 = VBRI . 2 A B o 15 0 VRO
S 1] = FUBE R H AR YOI A 0,004 mol 5-( (4% F
I L RF)-2-F FEWEE ,0.72 g (0.0072mol) Ca-
CO, 100 mL =5 B %e, 40 ml 7K, (5] 6 HE 6 % U
SAfinA 0.8 g (0.0072moD) HE S IKIB T IR & 0-5
C LA YE A 20 min 5. FFEF| B 1
h AE] 40 °CLHEHE 2 h, TLC BREE I N 08 B L 1F
JEURE 2 B 524 I A 40 ml B 28 33 0.5 h,
SR KR R TR A B A HLA K R 3-5 1K,
T L B 2 R B 2 T Gk G 2 200-300 H s
WRVE R CARFRLE) « Ak ZPR CBE=20 ¢ 1),

2-SRREE-5-[(47- L F AR F) £ P I T mE g
(2BTM-NCS) : H [k ,1.8 g.mp:101~103 C
FEE.66% ; FT-IR:3096,2962,2878,2202,2116,
2062,1731, 1631, 1615, 1561, 1518, 1470, 1437,
1306,1277,1204,1089,1039,1018 (cm ') ;' H-
NMR (400 MHz,CDCl;) & (ppm):8.83(s,2H),
7.49(d,2H),7.38(m,2H),2.67(t,2H),1.96 (t,
3H) ;¥ C-NMR (400 MHz, CDCL;) & (ppm):
161.54,145.18,131.34,128.78,118.53, 113.98,
91.20,80.32,28.42,14.05; Ms (70ev) m/z (%) :
265.24(M™,100),

B E-SHENCREISE 5/ E DAy sE A
(3BTM-NCS) : [ & [&{4,2.0 g, mp:107~109 C
FEER58% s FT-IR:3095,2964,2873,2201,2115,
2061,1732, 1630, 1614, 1560, 1515, 1474, 1435,
1304,1276,1203,1085,1023,1034 (cm ');'H
NMR (400 MHz,CDCly) & (ppm):8.84(s,2H),
7.53(d,2H),7.30(m,2H),2.68(t,2H),1.66(m,
2H),1.39(m,3H) ; *C-NMR (400 MHz,CDCl;)
& (ppm):161.47,145.25,131.82,128.69,118.53,
107.10,98.27,35.89,31.46,30.92,22.62,14.01;
Ms(70ev)m/z( %) :280.35([M+H]" ,100),

SR RS- L (47T B R L) 2 e AR T g
(4BTM-NCS) : (1 [ 14, 1.6 g, mp:98~99°C F= %
53%; FT-IR: 3095, 2964, 2873, 2204, 2115, 2068,
1733, 1632, 1614, 1565, 1516, 1471, 1434, 1303,
1274, 1205, 1082, 1042, 1016 (cm ');' H-NMR

(400 MHz,CDCILy) 8 (ppm):8.79(s,2H),7.57(d,
2H),7.30(m,2H),2.58(t,2H) ,1.69-1.45(m,4H) ,
0.97 (t, 3H);"® C-NMR (400 MHz, CDCl,) &
(ppm): 161.42, 145. 18, 131. 68, 128. 76, 118. 47,
107.10,98.25,35.94,31.46,30.90,22.47,14.06 3 Ms
(70ev)m/z( %) :294.57((M+H]" ,100) ,

2- SRR IE-5-[ (47 - R I 2 B It T g
(5BTM-NCS) : F1 i [#14.1.2 g.mp:103~104 C
P54 % FT-1IR: 3105,2964,2872,2205,2106,
2063,1734, 1635, 1618, 1562, 1521, 1475, 1438,
1307, 1278, 1205, 1091, 1041, 1018 C(ecm™');
"H-NMR (400 MHz,CDCl;) & (ppm):8.77(s,2H),
7.50(d,2H),7.28(m,2H) ,2.67(t,2H), 1. 66 (m,2H),
1.39 (m, 4H), 0.93 (t, 3H) ;" C-NMR (400 MHz,
CDCly) & (ppm):161.40, 145.21,131.79, 128.77,
118.42,107.08,98.20,35.97,31.42,30. 87,22.52,
14,035 Ms (70ev) m/z (%) : 308.45((M+ H]",
100),

2-SE B AR 5[ (47-0 IR KL £ Je L T mE g
(6BTM-NCS) : (1 {1 [ {4, 0.8g, mp: 93~ 95°C j= &,
40% ; FT-IR: 3096, 2963, 2878, 2200, 2117, 2063,
1730, 1613, 1560, 1513, 1474, 1441, 1279, 1200,
1091, 1041, 1019 (em™');' H-NMR (400 MHz,
CDCly) & (ppm):8.74 (s, 2H),7.57 (d,2H),7.31
(m,2H),2.68(t,2H),1.57(m,4H),1.34(m,4H),
0.98 (t, 3H);"® C-NMR (400 MHz, CDCl;) &
(ppm) :161.42,145.34,131.86,128.77,118.43,107.
09,98. 25, 35. 98, 31. 37, 30. 65, 22. 42, 14. 07; Ms
(70ev)m/z( %) :322.54([M+H]" ,100),

3 sR5®

AR AR e 5 W IR 2, S T 45 K BT DA
SRR BRI IE L DL C, ~ Co B4 bt iy oK S
FH L BB R T — ARG 5 AMMEA W AL
0 H bRk & W 453 IR HNMR, ¥ CNMR #iI
MS AT 45 H S, 25 R R W BT A & U H bR ik
BV 5y T E5 8 E B B ARG P 0 A A2 R EE A
P A5 038 2 22 O BT 43 4 (DSO) Ik CRUAU R
L IHR AR E R A 5 °C/min) s I mAH S 2L
) 308 1 A 6 S AR A5 A CPOMD Pt 43 A7 5 - 3o s
ﬂ;%%%nutl:ﬂi%E@ﬁ)ﬁ%&ﬁ%%ﬁﬁxiﬁ%&ﬁ@

s AT T 40 HT
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3.1 BiRUEAYHKRRBEST
5 DSC B 5 POM B 3% Sk il it 43

WAL S W AR 2 JOAH % 72
Kot o3 W2 1R

il B R AR 22 1

£1 BiRLAY nBTM-NCS (AT EE

Tab.1 Phase transition temperature of target compoundnBTM-NCS

Comp. Phase transition temperature(°C) and enthalpy(J/g) ATSICC)
2BTM-NCS Cr101.25(1.50) Sm 113.92(0.74) Iso 12.67
3BTM-NCS Cr107.32(1.89) Sm 128.01(0.91) Iso 20.69
4BTM-NCS Cr98.47(1.47) Sm 104.53(0.82) Iso 6.06
5BTM-NCS Cr 103.87(27.47) SmA 106.79(77.63) Iso 2.98
6BTM-NCS Cr 93.86(5.78) Iso 80.10€0.26) SmE 74.64(0.14) Cr 5.46 % (HLAF)

0 Cr FARAZ . SmA . SmB, SmC 43 B2 T FHAH S ABLC;sIso 4% 1) [l A 5 ATST W AR 285 5L BE Y8 1

“ o R AL TR T Hh A B A A S TR L

M 1 A 2 AT A S0 R nBTM-NCS
RGN A YR AT i AR VR 2S5 (H A 25 0 S R
BEAE o a5 A0 v o L 5 o B 1 A b I A5 AF
FE A3 AR AN » B Be 3 5% 5 10 B0 5 i 4L & 9 1
FRAT T A Jot B % £ 23 B0 SR 6 & W 0 a5 A1
17 L i 5 o i A e 50 1) 184 0m A 285 T B L 3% ¥
S B O I WA . B R IR A
BB A

130
1254
120
115
110
105
100 Cr
95
90
854
80-
75

Sm

Temprature/ C

2 3 4 5 6
Carbon Number

B 2 RREYEESE nBTM-NCS Il B 0 40 25 ith 28 25

1Ll

Fig.2 Phase transition curve changes of compound

nBTM-NCS with different alkyl

chains

in heating

3.2 A% SBTM-NCS #1 6BTM-NCS #jJ DSC
in POM LB 5
i & 3 AT A A8 SBTM-NCS 1R E T =
103.20 CJg BT & A AW S A (SmA) L iZHE

(WL 3(h) T 7m) 5 M B T+ 2 106,79 °C B #%
1k A 45 18] TR P A .

0.4
97.374C
0.2
% 101945C
: 1.117],
B 0.0 ra—
B '103‘20’” 3.7261/g
g
T -0.2
106.79¢C
-0.4
20 40 60 80 100 120
Exo Up Temperature/ °C Universal V4.5A

(a)DSC £ ™

(b)SmA MA&

U E] (105°C 5 X 100)

3 L& 5BTM-NCS ) DSC #h £k () #l POM [
(b

Fig.3 DSC curve (a) and POM phase texture (b) of
the compound 5BTM-NCS

i & 4 I, 6BTM-NCS 7& F+ i i 72 b A 77
TER AR MR E A% 93 CHY L& % i fb ik
B AL R A ) R PR R A () BT R) . H
FEREIR AT AR P BT WA A LA R B AR
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01 SERCH 80.1 C, A POM FH 2L M AH E &
. e} pise (SmE) (LI 4(b) FiR) » MR 74 CHE, ik
2 R IRy SRR E 2505 [ R
gm 33 BHRUSWHXEMESR
: S HL 45 ) S P O 2 45 ) 57 0 2 W 2
2 ftg— 350 B B A 4t TR A SO SR L B
P I - e | AR & 4 10 A FL 4% 1) B AED L R guest-host
Fio Up Temperature/ Universal vasa I G AR AL A B BT R (A L iR 4%

(2)DSC 2 P BRI A  4-18 SRR R A (5CB)Y s Hirfb &9
Fie 10 0 Jo7 o Wk B 55 B AV TG 1) TS 45 ARt 5 T 3k
HEE 20 °C o 38 2 WK AR [ B R (V) R B LA
(O, BRI AR G e M e HMERF
HAr b & e, Mloe BETHA 4 2 HAr b &
YI) De o BT LTSGR L 0, B, BT A1 HE
AR H ARG A P10 0 10 & 1] S PR RO 2 4%
] S E(E (L3R 2 fifR) .

M2 2 Al 1% HArfb &9 nBTM-NCS t &
AR AERY-NCS 2, H g 28 A& 3 17-NCS
FE R T 51 B AR R R AT R Ak BT LA A

(b)SmE Ml 25 414 & (F& iR 76°C . X 100)
B4 fb4% 6BTM-NCS i DSC 4k () #il POM &

" SR K kB 21~ 24 24T, [T b
Fig.4 DSC curve (a) and POM phase texture (b) of HYBERE RS | BT NCS P BU R B o T340
the compound 6BTM-NCS K & »ﬁﬁﬂ?ﬁ%%ﬁi@] 0.45~0.46 (WL3% 2 FT7R)

*2 BHHEY nBIM-NCS BN Bk EEm R EHE
Tab.2 Dielectric and optical anisotropy data for the target compound nBTM-NCS

Comp. 2BTM-NCS 3BTM-NCS 4BTM-NCS 5BTM-NCS
Ae 23.7 22.2 21.4 20.7
An 0.457 0.455 0.45 0.445
34 BEBERMREMNELE WEER AL 5 1 55 R B0 B 45 R 1 90 R B LB LR 3
MENERS BRSBTS R T I S AEY PR,
9 Pk REAT AR K 5 & USCEEAL 59 oA 491 i H12 3 %, k&4 SBTM-NCS (955 RIS

®3I  MIEEMALEY SBTM-NCS %51 5 XKL &9 SBTB-NCS & 87" 1% 58 tb 1%
Tab.3 Comparison of the structure of the pyrimidine 5BTM-NCS with that of the benzene ring compound 5BTB-NCS 2]

X
=X

Comp. X Phase transition temperature(°C) An Ae
5BTM-NCS N Cr 103.87Sm 106.79 Iso 0.445 20.7
5BTB-NCS C Cr91.0Sm 85.22 Iso 0.440 11.8
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SRS Y SBTB-NCS2 g, w5 g 2R rp 48 i "H-NMR, " C-NMR 1 MS % & H /> 7 45 ¥ iF
T B AR S 1] % 5 43 7 R i NCS 19 5 m] — 2, 5 91 28558 DSC.POM X ¥k & AH 25 M fE

Bom ARSI B T RS A W, 285 5L 32 W13k 28 4k 5 W #1002 3 o AH 28 TR A Ak
B BOR ST % B R A A TR R A T LB b

4

R R A P S R L R U RTS8 A A O
% ® % L 52 B3 A 200 5y T M W A A i R A ﬁihb

A5 W B9 FRL e RSORI XU S5 3 LA W 445 4 £ —
AV IF A T RO RS- IERR O SRR A Y L, LJ%%%'J?YE%J%E

5 MR LAY nBTM-NCS, H A& R+ 4 78 F a0 FEL VR M RE R R B 0 4 O 6 R 32 B4 4
PR BT AMIN () S B I 55, 3 X6 38 N 43 1 48 1) % Ryt — A A 5 A R VR R SR A A O R R
HEWAERAMN., X8 Hirk&Y L IR, THKREM .
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