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2.1 LA

'"H NMR #% 1 Varian UNITY INOVA-400 (400
MHz) 5}, Bruker-Avance-600 (600 MHz)#% f L 4= 43l
5E(CDCls A7, MeySi TERbR). (AWM T H
Q-TOF Premier ZY il e (EST & FI). WAkt
S Y BRI XP-201 A 't s 0,
HLERE IR XPR-201 b0, FLARAR L & FIAS AR 7
TA-DSC Q100 #/rHr {3 Ll sz, Ny A5 F, TRl
2 10 Kemin ™. IR #% A 16PC ALl LA e

AMETEACIE, KBr F . X R 9256 i AR A
A=) X Pert Pro MPD DY 1291 8 X 5 £k A7 A il
ik, #1o4 Cu #(1 = 0. 1542 nm).

I B8 o T Atk 3 700 R 70 4 A T R
AR T AN, HRAEE — b Ab PR B A
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2.2 {b&4% HC=C-CH,0-C¢Hs-CeHy-OCH,-C=
CH, 1a

BRI B (360 mg, 3 mmol) FI K,CO; (200 mg,
1.44 mmol) JIAZE| DMF (4 mL), K5 I 4,4'-

.
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click reaction

¥ orCICHsC =CH = 'OO'X =
1 1a X=CH; 1b X= CiHg
_— 00
”00” + HOOCCeHcC=CH—— o = (CH,), —§ }—(CHz)a = cu
3
—
OCgH,3 OCgH13 OCgHy3 toluene
CgH:0. = CeH130 CgH430. =
O OH ch03 ! OH Br NaN3 DMF l OH N
! ‘ OCgHi3 Br(CHz)nBr OCgH3 O OCgHi3
CgHy30 CeHq30
CsH|3O 61113 a3
OCeHys OCeH;; 3an=3 OCgH;; 4a n=3
2 b n=6 4b n=6
OCgHys OCgHy3
CgH420 OCgH13
ﬁ OC6H|3 CSH130 ‘
O yigee
ot oL Ot ™y
N._.
CgH120 N OCgH15
OCgH1a OCgH3
5
5a R=-CH, n=3 5b R = -CH, n=6
5c R=-CsHs n=3 5d R=-C3Hg n=6

5e R=-OCCgHis n=3
R 1 AR A A - BRI A = AR s £
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5f R = -OCCyHs

n=6
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R Wy (186 mg, 1 mmol), JRAMAE 80 CHEHE I
N 22 h. SRJGTEIR G MK, H =& F A
R AN JE KR BR BT, 2R ML . i
WA Z Moy B g al, PeliA): v (& FED) © V Cha
Bk) = 2:1, /=Y H 4 B 45 015 16 4k
(154.4 mg, 0.59 mmol, 58.9%). '"H NMR (CDCl;, TMS,
400 M) 6: 7.48 (d, J = 4.4 Hz, 4H), 7.03 (d, J = 4.4 Hz,
4H), 4.73 (d, J = 2.4 Hz, 4 H), 2.54 (t, J = 2.4 Hz, 2 H).
IR (KBr), v (cm™): 3275 (=C-H W4i435h), 2918
(CH, AXFFRM 4P 5)), 2865 (CH, Xf FRAd 4 i 2h),
2128 (C=C W4a#5h), 1603, 1568, 1498, 1453 (J5FF
HARD), 1241 (C-0-C #&3)).

23 L& HHC = C-C3Hg0-CeH,-C¢Hy-OC3Hg-C
=CH, 1b

HROIFEEPLIT 1a: 4 5-S-1- 5 (307.5 mg,
3.0 mmol), K,CO; (200 mg, 1.44 mmol), DMF (4 mL),
4.4-JEK ) (186.0 mg, 1.0 mol) 7£ 80 ‘CHIHEHE IR
N 12 h, &JEabE A Ak (273.6 mg, 0.71
mmol, 71.3%). "H NMR (CDCls, TMS, 400 M) § : 7.46
(d, J = 4.4 Hz, 4H), 6.95 (d, J = 4.4 Hz, 4H), 4.10 (t, J =
6.4 Hz, 4 H), 2.41~2.45 (m, 4 H), 2.01~2.06 (m, 4 H),
1.97 (t, J = 2.4 Hz, 2 H). IR (KBr), v (cm™): 3299 (=
C-H 4i4iR3)), 2909 (CH, AXfFri4adiks)), 2870
(CH, M FR 4= 5h), 1608, 1569, 1501, 1474 (G5 E
BYRE), 1245 (C-0-C ¥k 5h).

24 HEPHC=C-CgHCOO-CsH,-CeH4-00C-
C8H16-C = CH, 1c

BB (122.7 mg, 0.67 mmol). DCC (103
mg, 0.5 mmol). DMAP (15 mg) JIAZ%| CH,CI, (8 mL)
H ARG FRINN 4,4 -B60R 1 (57 mg, 0.31 mol), V&
AR N RPN 12 h Z T35, By
TR R, KVE— IR AU JE KRR B TR,
ZABRA WA, AT JE M oy E e, s H &
it 7 &6 i A9 A 4K (112.2 mg, 0.218 mmol, 71.3%).
'H NMR (CDCl;, TMS, 400 M) ¢ : 7.55(d, J = 4.2 Hz,
4H), 7.14(d, J = 4.2 Hz, 4H), 2.58 (t, J = 7.2 Hz, 4 H),
2.18~2.22 (m, 4 H), 1.95 (t, J = 2.8 Hz, 2 H), 1.75~1.80
(m, 4 H), 1.51~1.56 (m, 4 H), 1.38~1.46 (m, 16 H). IR
(KBr), v (cm™): 3280 (=C-H {#%i¥x5)), 2928 (CH, A~
XIFRIR AR PR 5))), 2853 (CH, X FRIHAE P 5)), 1747 (C=0
YA, 1617, 1492, 1471 (35 B 224 5h).

25 fE4EF Cul ByHle

Z: W SCHR[31] 77 75 & e NapS05 (1.5 g, 11.9
mmol), I, (1.0 g, 3.9 mmol) Al CuSO, (2.02 g, 12.6
mmol) H,O (10 mL), W 15%] Cul (1.45 g, 96.7%).

2.6 2-$£3£-3,6,7,10,10-F. A FIFIE 2, CisHe-
(OCeH13)sOH W& B,

ZIRSCIRI32, 331K “—HIE A e DA
My h L ah JEURL, BRI 3] 2- AR IE IR 1,2-
G MR GY, =W BRA =T IR, Pl 4
15 2 rp S R R L 2RI 2.

2.7 HEYCisHs(OCeH;3)s(OC3H¢Br), 3a

¥ C1sHo(OCeH;3)s(OH) 2-¥£3£-3,6,7,10,11-Fi.C
AHETEIFIE(1.19 g, 1.6 mmol) AT K,CO; ( 883.2 mg, 4
mmol ) JIAFIHEI(10 mL)+. REMA 1,3- 71
PMHE (0.65 g, 3.2 mmol), JRAWIFIFRHEEE XY 12 h.
RIGRHRGRAIKY, H &P RAR IR,
MUAH R K B 85 T 0, ZZBR AL A, mE A =
Mror e deal, YemiH: v (&) - V (L) =
1:2, s = Ol B 45 A5 Ak (1.09 g,
1.26 mmol, 79%). "H NMR (CDCl;, TMS, 400 MHz)
3:7.89 (s, 1 H), 7.84 (s, 5 H), 4.39 (t, J = 5.6 Hz, 2 H),
423 (t, J = 6.4 Hz, 10 H), 3.74 (t, J = 6.4 Hz, 2 H),
2.44~2.50 (m, 2 H), 1.91~1.98 (m, 10 H), 1.54~
1.60 (m, 10 H), 1.36~1.41 (m, 20 H), 0.93 (t, J = 7.2
Hz, 15 H).

2.8 LAY CisHe(OCqH 3)s(OC¢H ;Br), 3b B4

A B FESBLT 3a, CisHe(OCeH,5)s(OH) (1.04 g,
1.4 mmol), K,CO; (400 mg, 2.9 mmol), A (10 mL),
1,6- R IE Ot (683.2 mg, 2.8 mmol), [HIFHHEE X
N 12 h, &) B i3 A E g (1.08 g, 1.19
mmol, 84.7%). '"H NMR (CDCl;, TMS, 400 MHz) §:
7.83 (s, 6 H), 4.23 (t, J = 6.4 Hz, 12 H), 3.45 (t, J = 6.8
Hz, 2 H), 1.90~1.97 (m, 14 H), 1.56~1.60 (m, 14 H),
1.36 - 1.40 (m, 20 H), 0.93 (t, J = 7.2 Hz, 15 H).

2.9 L&Y CisHe(OCeH,3)s(OCsHGN;), 4a !

5 C1gHg(OC6H 3)5(OC3HgBr) 3a (865 mg, 1 mmol)
1 NaN3 (650 mg, 10 mmol) i A %] DMF (10 mL)",
FiBFESONY 6 h. ARJFIMAK 20 mL, GV =
ATREAEI M. A VA KR ST, &RfA
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MU, RERCHZAT 33t al, o= Qi s
i A 4K (703 mg, 0.85 mmol, 85%). '"H NMR
(CDCl;, TMS, 400 MHz) &: 7.87 (s, 1 H), 7.84 (s, 5 H),
433 (t,J =6 Hz, 2 H), 4.23 (t, J = 6.4 Hz, 10 H), 3.66 (t,
J = 6.8 Hz, 2 H), 2.18~2.21 (m, 2 H), 1.90~1.98 (m, 10
H), 1.58~1.62 (m, 10 H), 1.36~1.46 (m, 20 H),
0.92~0.96 (m, 15 H).

210 k&Y CisHe(OCeH;3)s(OCH 2N3), 4b

G RIEFERLT 4a, CisHe(OCsH 3)5s(OCeH,Br)
(907 mg, 1 mmol), NaNj (845 mg, 13 mmol), DMF (10
mL), FBFEERN 6 h, &5 abPalith g [ (o A
(824 mg, 0.95 mmol, 94.8%). '"H NMR (CDCl;, TMS,
400 MHz) o: 7.87 (s, 1H), 7.84 (s, 5 H), 4.24 (t, /] = 6.4
Hz, 12 H), 3.31 (t, J=6.8 Hz, 2 H) 1.91~1.98 (m, 12 H),
1.50~1.72 (m, 16 H), 1.34~1.36 (m, 20H), 0.94 (t, J =
6.8 Hz, 15 H).

211 HEMEEWREIK

FALAH 1 (0.05 mmol)FT 4 (0.1 mmol)¥ fif 1+ FH
Z# (1.5 mL) ', RJ5 A Cul (15 mg) Ml NEt; (1
mL). JEEWAE S PR N 12 h, ZEBRHOK,
% A4 P A RS R S T A g A e, e iR (A
Ft) s VO k) VIGTR ) = 2:1:0.5 2= &
N S A AR, AT S B AR A ).

&Y Sa, HEE A (85.5 mg, 0.044 mmol,
87.4%). '"H NMR (CDCl;, TMS, 400 MHz) 6 : 7.84 (s,
10 H), 7.79 (s, 4 H), 7.35 (s, 2 H), 7.33 (s, 2 H), 7.00 (s,
2 H), 6.94 (s, 2 H), 521 (s, 4 H), 477 (s, 4 H),
4.21~4.26 (m, 24 H), 2.56 (s, 4 H), 1.91~1.97 (m, 20 H),
1.57~1.62 (m, 20 H), 1.38~1.39 (m, 40 H), 0.89~ 0.95
(m, 30 H). IR (KBr), v (cm™): 3092 (= C-H 114 4E ),
2928 (CH, AXIFR4E4iR2)), 2858 (CH, X PR 4k
7)), 1615 (C=C HI N=N 45 f<5h), 1514, 1466, 1436
G IRE4R5)). HRMS (ESI) #5348 CaoHi6014NgNa*
1941.2544, KA 1941.2540.

&) sb, AR (75.7 mg, 0.038 mmol,
75.7%). '"H NMR (CDCl;, TMS, 400 MHz) J : 7.83 (s,
14 H), 7.49 (s, 4 H), 7.00 (s, 4 H), 5.21 (s, 4 H), 4.48 (s,
4 H), 422 (t, J = 6.0 Hz, 24 H), 1.78~2.06 (m, 28 H),
1.39~1.65 (m, 68 H), 0.93 (t, J = 6.8 Hz, 30 H). IR
(KBr), v (em™): 3083 (= C-H 4 4ik3h), 2929 (CH, K
XIFRIR AR PR S)), 2857 (CH, M AR 4 4R ), 1615 (C=C
M N=N Hi454:35h), 1515, 1465, 1436 (55 B 4L4R5h).
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HRMS (ESI) il 51f: Cip4H,76014NgNa* 1997.3170,
SIS : 1997.3166.

&Y Se, A A (50.6 mg, 0.025 mmol,
66.6%)."H NMR (CDCls;, TMS, 400 MHz) d : 7.83 (s,
14 H), 7.34 (s, 2 H), 7.32 (s, 2 H), 6.81 (s, 2 H), 6.79 (s,
2 H), 4.75 (s, 4 H), 4.20~4.26 (m, 24 H), 3.93 (s, 4 H),
2.98 (s, 4 H), 2.54 (s, 4 H), 2.14 (s, 4 H), 1.56~1.93 (m,
40 H), 1.38~1.39 (m, 40 H), 0.91~0.94 (m, 30 H). IR
(KBr), v (cm™): 3073 (= C-H H%i4&5)), 2928 (CH, I
IR AR IR S))), 2858 (CH, M AR 4 4R 3)), 1615 (C=C
HN=N 45 4E50), 1514, 1467, 1436 (55 5 28 4R50).
HRMS (ESI) il 51f: Ci6H 5001sNgNa* 2025.3483,
SZEG AR : 2025.3488.

&Y sd, AE@EA (29.6 mg, 0.014 mmol,
37.4 %). '"H NMR (CDCls, TMS, 400 MHz) ¢ : 7.83 (s,
14 H), 7.43 (s, 2 H), 7.41 (s, 2 H), 6.86 (s, 2 H), 6.84 (s,
2 H), 4.37 (s, 4 H), 4.22 (t, J = 6.4 Hz, 24 H), 3.92 (s, 4
H), 2.92 (s, 4 H), 2.15 (s, 4 H), 1.93 (t, J = 6.8 Hz, 32
H), 1.55~1.65 (m, 20 H), 1.25~1.40 (m, 44 H), 0.91~
0.95 (m, 30 H). IR (KBr), v (cm™): 3066 (=C-H 1145 i
3))), 2929 (CHy AXTRRI 4R 5)), 2857 (CHy KRR 4
P=35)), 1615 (C=C Fl N=N {H4iIR5), 1514, 1466,
1437 (75 3 & 22 4E 5h). HRMS (ESI) it 5% 18 :
Ci30H55014NgNa* 2081.4166, SZE61E: 2081.4109.

& Se, H &4 37.1 mg, 0.017 mmol,
48%)."H NMR (CDCls, TMS, 400 MHz) ¢ : 7.84 (s, 6
H), 7.80 (s, 4 H), 7.77 (s, 4 H), 7.54 (s, 2 H), 7.52 (s, 2
H), 7.13 (s, 2 H), 7.10 (s, 2 H), 4.73 (s, 4 H), 4.21~ 4.28
(m, 24 H), 2.74 (s, 4 H), 2.47~2.53 (m, 8 H), 1.90~1.97
(m, 20 H), 1.56~1.67 (m, 28 H), 1.39~1.40 (m, 40 H),
1.23~1.26 (m, 8 H), 0.91~0.94 (m, 30 H). IR (KBr), v
(cm™): 3066 (=C-H M4 ¥ 5)), 2928 (CHy AN TR 4
P=3)), 2857 (CH, X BRI 44 3)), 1755 (C= O 1H4id
3l)), 1617 (C=C F1 N=N {1 454:3)), 1515, 1465, 1436
7 EZE5)). HRMS (ESI) TH554H: Ci3gHi96016N¢Na*
2193.4633, SZEG{E: 2193.4637.

& s, A& (60 mg, 0.027 mmol,
53.3%). '"H NMR (CDCls, TMS, 400 MHz) ¢ : 7.83 (s,
14 H), 7.54 (s, 2 H), 7.52 (s, 2 H), 7.13 (s, 2 H), 7.11 (s,
2 H), 4.36 (s, 4 H), 4.55 (t, J = 6.4 Hz, 24 H), 2.69 (s, 4
H), 2.55 (t, J = 7.2 Hz, 4 H), 1.90~1.97 (m, 28 H), 1.61
~1.76 (m, 36 H), 1.39 (t, J = 3.6 Hz, 56 H), 0.93 (t, J =
6.0 Hz, 30H). IR (KBr), v (cm™): 3066 (= C-H {144
3))), 2928 (CHy AXTRRA IR 5, 2855 (CHy KRR 4
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P=5h), 1753 (C=0 43R 5N), 1617 (C=C F1 N=N {#
i PR3, 1514, 1466, 1436 (5 444E5)). HRMS
(ESI) HH5E: CiyoHy0s016NgNa™ 2277.5573, SLi{H:
2277.5570.

3 AR

3.1 HiEWa A RAE

BAMERT — RVINE 5 A 1,2,3]-— M F s
() B - W - BRI IE FE M = SR Ak, B A 5 A
PRI K R LLIR T A 0B B SR 5 AR =R
Y. 2-3855-3,6,7,11,12- FL A FE R IR 2 AR
I FE AR 55 2 A ) B e A4S A ol i 4
IR (PR SN, FeCly 4840 = ZE R, 43 30 [ 44
=)

PR R IR IR AE 2 ] 1,3- AR ER 1,6- R
Bt PG 15 BRI JE PR EEAL S 3, ARG S NaN;
RA IR R Y, &= R A BRI S A A
Y1 4. FRILRIEAE 2 1SRl Ak SN BT I IR R 1
Gy B P A A v R A B R R AL 1 2R IR R
P 3, AR ] DMF A D3 0] 6 = 40 - XU A 1) 2
FEAE T RARM RS . S RIS S 1 BRIt
FESEAEY 4 75 ARAE N EHR), AR Cul F1=
LR R, =R R AR L I NS B A R A
mE R H A S.

VNS A AR ey A LN 2B U
NMR(400 5% 600 MHz)FIZL ARG RAE. = RIAM A
V) Sa~f EAE R RUINREAENE, =M F oo b
FR) I (18 2 PR 5 A0 W WA 0 L A AL 220 RS 7.8 Fe A s
BT 1 = SR AR B LT A6 1% #4843 S 7 3066 em ™" A &
HIL—AN55 1= C-H g, #£ 1615 cm™ {7 & H I
—ANRBE C=C 8L N=N [{{H4a 95, 7 1514, 1466,
1436 cm™ HIL =AML I 55 AR i — 284k
A WG Ay W TS R AR, 41 S R
A8, UESE T HARME SIS

3.2 XU&ATHTITSE

P AT A D0 R A st P T o AT 34 6 1R D O S B B
BEATHEIE. B 2 D380 R FE w0 A 150 ¥ i )16k Bk
. FEBEIBIR R HRAL 5 1a A1 1b RIS
aa A, BERTCAR R 5P 1e BLILTY S A
TP SROFIES A 3 H 4 IR N

JiAEARAH, FE-FE- BRI E =R AK Sa~f HA N
P, B G BB S X SR AT IR g6
AW AA P S ILU T FIRAR (B 2(c), ()FIE 3).
—RARSTE 25 CRINAM X AT BT LLE H, TE
N RE DX I AN U, I AN U8 43 ) U JE T Col AH
(20), (ADfiTEIUE. HAN, 7620 = 21° k440 DLW 3

ARy 100um A

K2 IR S A YR mEEHMAR. () WEY) 3a i’
%88 °C, Col,, #H; (b) &%) 4a ¥>% 90 C, Col, #Hl; () &
Yy 5b ¥4 25 °C, Col #l; (d) bW 5d &4 25 “C, Col, .

5b

Intensity (a.u.)

12 15 18 21 24 27 30 33 36

20 (°)
B3 thEWS X SERATHE (FE N 218 H MIRAR VS 21 52
25 CHFNE)

3 6 9

471



RO midi A G - - AR VB = SR 4K

5% B e KL 2 B 1) — AN BOR RO . AR FEIX
526 = 25° /A0 W] LU B — AN s iy 9B A N A S A
Z I (R BRI (Sa BRAM). M Sa ) X SFZAirsd i BT
PLILEE (A AE 20 = 7.5° ~ 18° NG [l N A7 AE 2 AN AT i U,
IXLLIEST NV 1) d (EAK I 10.77, 9.16, 6.89, 6.38 FlI
4.98A, LG UF 2 13 - N4 2 1T 149
/13 . XS LA 1 B 2 75 7 KR AT AT SR 0 %
d L, (R FRATT B A R 2 5 S50 (10) AT o
U, FRS T IAE N 18.32 AL IXAMEA T 20 £E 5°
LA P SRAT 16 d =18.83 Al 16.27A 2 1A, (Mt
FATIA A /N T7 AR A B (10) By 565 W 224 93 B DY 7 R R
QO DI PIANFTSIE. 28 L, (LB 5a A
PR SEPU 5 RN 5 REIRA IR 2%, X B R ATH B8 =28
PRy 7 76080 A5 I BE 88 4 2% Bl T 45 4. AT S 4
P ] DLVHSAS B SRR G 5 AR S EU0
1.

3.3 feaEvsraitt
Bt & B A & W) I 2 s A R L (DSC)
DN, 50 1R R B AR P58 e AT (R 6 A L 2.

4 JEW S = RAR Sa~f 1) DSC & K. il DSC
M, BT 2R IF 3E = R AR Sa~f HAT I AN A 5678
A7 0 A6 58— IR Bl R AR — il ok R e AN —
A S T AR Ve F T il o Rt A B0 1) 0 2 A bR A
B - AH 7] VA4 2 (8] 1) % AR U (Col,— Iso), Bl ik
T IR 11 06 g 5 A ) 1 YA BRIR AR 2 0] () A
I (Iso—Col,). — 23R4k Sa~f H T8 KI5 F 14 F,
EHI =50 CHARMEERIL I 5. — A
HERWA. AR, B RE RS H
AR,

AIFFEF (A4 3b Al 4b AN TS 3a Al 42 A
[i]: DSC Fi ot B s (POM)BIFIT 45 R i 7 3b A1 4b
SEFRAR S, 1T 3a Al da Sk FR ARSI HL AR

R FIFAERRM 2R AK 5 10 X-5F e fT i 20 K

Trimers  d, (A) d(A)  dy(A)  di(A) Lattice parameters
a b
5a 18.83 16.27 4.28 — 37.66 18.04
5b 17.64 14.93 4.26 3.52 35.28 16.48
5c 19.10 17.52 4.27 3.51 38.20 19.71
5d 18.23 15.64 4.27 3.52 36.46 17.31
Se 20.07 17.34 4.23 3.57 40.14 19.22
5f 24.08 18.08 4.15 3.50 48.16 19.51

* FERL AR DB A I A 25 CIFIIE

(a)

5a
Iso
5b Coly
Col, Iso
5¢c

<endo Heat flow exo>

96

(b)

40 80 120
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Synthesis of disk-rod-disk liquid crystal trimers by using click
chemistry

YU WenHao, NIE ShiChang, BAI YueFeng, JING Yang, WANG BiQin, HU Ping &
ZHAO KeQing

College of Chemistry and Material Science, Sichuan Normal University, Chengdu 610066, China

Abstract: A series of disk-rod-disk liquid crystal trimers were synthesized. Cul-NEt; catalyzed alkyne azide

cycloaddition in toluene at room temperature connected two triphenylene discogens to a biphenyl rod-shaped

mesogen. The trimers were characterized by using '"H NMR, IR, and high resolution mass spectrometry. The

mesomorphic properties were investigated using polarized optical microscopy (POM), differential scanning
calorimetry (DSC), and wide-angle X-ray diffraction. The results showed that the trimers exhibited rectangular

columnar mesophase (Colr). The length of the flexible spacer connecting the three segments has prominent influence
on the phase transition temperatures of the trimers.

Keywords: liquid crystal trimer, triphenylene, rectangular columnar mesophase, click chemistry, copper(I) catalyzed

alkyne azide cycloaddition
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