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Abstract: We present a systematical investigation on the synthesis, molecular characterization and lig-
uid crystalline phase behaviors of a series of triphenylene (TP) acrylate intermediates. Based on differ-
ent reaction activity of variant length of polymethylene spacer, several synthetic protocols have been
successfully employed for introducing an acrylate group to the TP core via polymethylene spacer with

the methylene number from 0 to 10. The obtained polymerizable TP acrylate intermediates were con-

W B HA :2016-12-09; 23T H#3:2017-01-20.
EETA:FHKA AR RS No. 21574062)

Supported by National Natural Science Foundation of China(No. 21574062)
x W fE e & N, E-mail : cdz@nju.edu.cn



%6 1 A% A5 BRI E P9 TR I T 18] AR 1) 5 18045 A AR AT S F 5 425

firmed by nuclear magnetic resonance (NMR) spectroscopy and mass spectrometry (MS). Further-
more, differential scanning calorimetry (DSC), polarized optical microscopy (POM) and small- and
wide-angle X-ray scattering (SAXS/WAXS) were employed to explore the thermotropic liquid crystal-
line phase behavior and detailed columnar organizations of the series TP intermediates. Most of the TP
acrylates with hexyloxy substituents only exhibited crystalline solid phase, while those with butoxy
peripheral groups displayed monotropic or enantiotropic hexagonal columnar liquid crystalline me-
sophases with one example showing three-dimensional (3D) positionally ordered hexagonal columnar
plastic phase. Herein the comprehensive synthesis and systematical comparison study on their liquid
crystalline phase behaviors of the series discotic TP acrylate intermediates with variant length spacers
would be helpful for guiding the design and preparation of other polymerizable functional (meth)acry-
late monomers, and also enhance the in-depth understanding of various hierarchical structures of dis-

cotic columnar liquid crystalline polymer materials.
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Z WA T HES IR W ERB MR EW 7 1 &
RN 5 i — 5 B AN [ ) B A B 1) R B SR A
Y4 I e B 700 B IR W A 2R A Y (8] B R T
FE & % W (Positive Coupling Effect, PCE) B
WL AN T SRR SR A — H
WM R A LAY N RR SR EY
R B A A BT b 32 455 LA 5 1)

AR SCE SRS X R IR B 2R 5 R IR N 0 R
ik PR B 45 A8 R A5 VA AR AT Ry R AT R 2 B
Fo FEEXHTE MR MRBTFIER SRS
YR R] 5 G AR 25 S R R FR SIR 2 1A R
TE I F78) — 4 R e B 10k g S HC T 23R R P Dy e Ak 1Y
S AR XA [ 8 B IR R T AR A% B AN [ [] ol
B AB A I 5 9 2 T AH % DA T 45 7T SR 1 2R 0T
FE PR BRI rh (B R 19 42 R 9 & B 0 7 45 A8 SR AR
L AR AT S VERS Fe B9 0F 58 3 A il . AR
How CHT S ) TN 9 T2 TR 258 ) i 1k S AR 1 B8 3 4
HEAE S O S AR AT S B R GRS LB Bt
W GRAC KT AT JE IS SR /N 53 B AH 4548 5 13
L Kz X 1N 55 W 00 22 A T 4 2 45 4 1Y) PR 5

VN
2.1 FTIGFEM

P EIE I IE HO-TPk WA RS BE®112
B E s N EE A (>95%, TCD ; &0 L4



426 W5 B

o532 %

PR IR (96 %0, A R B NI (99%, FzZh4
D s @48 (>95%, B 254 D ; 0T IR Ak g
(99% ., BRI H;31,2- R LHE(99% , Acros);1,
3T EE(C>98%, TCD;1,4- T HE(99%,
Alfa-Aesar) ;1,5- R JHE (>98%, TCD;1,6-
TR BE(96%, Sigma-Aldrich); 1, 7- 1R BE ke
(>98%, TCI); 1,8 R % k& (98%, Alfa-
Aesar);1,9- R ELE(>95%, TCD;1,10- R
244 (97 % » Sigma-Aldrich) ;3 = Z e (99 %) Fl —
S BE (AR 28 0 &6 85 111 T 48, O 2818 5
.
2.2 MERALEE

Bruker DRX 300 & 300 MHz #% % T ¥R Ik 1%
10, FAE AL A& W% WOIR S 0 2% Mk S CH
NMR, "C NMR) ; Shimadzu LCMS-2020 H1 {55
Fiik (ESI-MS), R 1E L & W 7 T & Mettler
Toledo DSC 1 2278 A 7 #{L (DSC) F1 PM6000
R ' B (POMD T A6 A 9 19 #8453 #r F UL
FLWE AR 41K ; Anton Paar SAXSess me? /N /
I X BHE RS (SAXS/WAXS) , H F il Sk &

WU AR 2R B S AT e 20 R S5 A R AE 0 AT
2.3 BREFHIEFEEBEH

FAR A I FE A AR Aer-TPk-m 0946 0% W&
L AFRALS H Acr RINIGIRER 4GS . TPk IR
THHEGR = HRDEIE R = 6) BRI E
(TP) S #%.m FRaBBEPENEH., BT
Acr-TP6-m M Acr-TPd-m B & W F % I A
[, DA il & i B AL LL Acr-TP6-m MR R A4 5
mHEXT Acr-TPk-m ZEMEPREREKE m = 2~5
wom = 6~10 WG M7 % L35 AR A . DA
X AL S50 25 AR R AE B Acr-TP6-0, Acr-TP6-
1. Acr-TP6-2 Fll Acr-TP6-6 Y14l il 4 it 2 K 4%
T RIELR .

2.3.1 Acr-TP6-0 #9& &,

B 3.5 g BRI IEAE HO-TP6 (4.70
mmol) #1 1.0 mL = Z % (7.16 mmoD ¥ T 70 mL
A AR R T SR R AE R R 0,57 mL
PRIA LS (7.02 mmoD) i 35 mL 4 W e 5 T 2%
TR I 29 1.5 hy kSRS PE L 0.5 h 5 o A7
HLVBPH 7K Bk WG YK, 14 JC K A R B 10 AR 5 it

m=2~10

| Br-TPk-m

OR

) O
RO I

OR

Acr-TPk-1

Acr-TPk-0

(o}

\)J\OH

OR

RO l

SORR AN S O S &
OR © OR °

RO |

OR

Acr-TPk-m m=2~10

F1 ST ] B 2 A PR PR F SR PR AR B R TP 14K Acr-TPk-m 95 1%

Fig.1 Synthetic routes of triphenylene based acrylate intermediates with variant length polymethylene spacer

Acr-TPk-m
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REMEAE 43 8 (A ik / 2 R 2 g (R B B0 =
40/1 WREe) BT 4 S5 AE 35 CC R HLAS T H
AR 3.4 g W AR Acr-TP6-0, 03 90%.
"H NMR (300 MHz, CDCl,) & (ppm): 8.13
(s, 1H), 7.83 (m, 5H), 6.71, 6.47, 6.09 (m,
3H), 4.24 (m, 10H), 2.02~1.89 (m, 10H),
1.65~1.51 (m, 10H), 1.47~1.31 (m, 20H),
0.94 (t, 15H, J = 6.7 Hz). ESI-MS (m/z):
[M + Na]" 821.70 (Calc. 821.53)

2.3.2  Acr-TP6-1 &4 &

W 0.47 g DU T B R & % (1,38 mmol) il
7.67 g BRIREN(91.3 mmoD M AF] 17 mL /KHI 17
mL ZE e IR A W 7R AR T B
1.0 g NMSFR (13.9 mmol) Ml 2.75 g 44 W Jk 42 ik
R ME (16.7 mmol) i 8 mI — % W &% v AR v hn
Ao FIIN 3 hJE . 30 mL K Fl 50 mL 5
FBE A B L 20 O B A MILJZE I FH JE K B R B 0%
Wi 5 T RE IS AR ik (A ek ) L 5 1,05 ¢
TR AT SRR, I 63%. '"H NMR
(300 MHz, CDCl;) ¢ (ppm): 6.56, 6.18, 6.00
(m, 3H), 5.81 (s, 2H). ¥C NMR (75 MHz,
CDCly) & (ppm): 164.2, 133.6, 127.3, 69.0,

1 1.05 g S W HE NG R T (8.71 mmol) Fl
5.6 g AL #F (33.7 mmol) B T 40 mL P %
RIEFE 24 h, L UEERER S . B UG R AR Alifk (—
GBIk BE) L 5 T0 €0 R MA B R R D A TR T

# 3.0 g HO-TP6 (4.0 mmoD) # F 30 mL
N, N-Z2F 5 HH e, 7m0 A 0.15 g A Ak 4 (5.9
mmoD) IF E IR L 0.5 hu RIF R H E 60°C, it
0.85 g Ml FH EL P4 R IR (4.0 mmol) AY 5 mL TUE
W R Y25 TR0 A L AR S RV 1 h e T R S IR 2
h, 8] A 50 mL 7K. F =& Be 2 B, B A L=
TIRUAR IS 3 ik AT o3 B ROk / £ TR S TR =
40/1 W) x5 35 CHEHZ TS KRG 1.2 g &
O E K Acr-TP6-1, Wt R 36%. 'H NMR (300
MHz, CDCl;) ¢ (ppm): 8.09 (s, 1H), 7.83
(m, 5H), 6.51, 6.19, 5.90 (m, 3H), 6.07 (s,
2H), 4.24 (m, 10H), 2.02~1.88 (m., 10H),
1.65~1.51 (m, 10H), 1.48~1.32 (m, 20H),
0.94 (t, 15H, J = 6.8 Hz). ESI-MS (m/z):
[M + Na]J' 851.60 (Calc. 851.54),

2.3.3  Acr-TP6-2 # 4 %,
¥ 2.4 ¢ HO-TP6 (3.2 mmol).0.26 g %%

6% (6.4 mmol),0.12 g PO T e # fk # (0. 36
mmoD) #l 2.8 mL 1,2- W Z %% (32 mmol) & T
16 mL &5 8 mL K MR AW, = iR R
N 18 hs 43 W WCEE A HIL)Z I TS oK B R 5 T H
Wedi 2 /D E W WS A 200 mL P EEH, i
UEWCEDUUE . 35°C HL25 T4 2.2 g ¥ 8 [ 1A Br-
TP6-2, 0% 80%. 'H NMR (300 MHz, CDCl,)
8 (ppm): 7.94 (s, 1H), 7.84 (s, 5H), 4.55 (t,
2H, J = 6.5 Hz), 4.24 (t, 10H, ] = 6.4 Hz),
3.77 (t, 2H, J = 6.5 Hz), 2.00~1.88 (m,
10H), 1.66~1.50 (m., 10H), 1.50~1.32 (m,
20H), 0.94 (t, 15H, J =7.0 H2).

% 2.2 g Br-TP6-2 (2.58 mmol).6.4 g &
B (46.4 mmol) 5.0 g N4 R (69.4 mmol) 2.2 g
DY T HEIR Ak 4% (6.84 mmol) Fl /b FH 5 57 % 4 —
B & T 20 mL Z A5 A1 50 mL 7K IR AT . i
% 65 CHWRN 48 h, I EFHLZE W% 5
I ek AT 4l Ak (f7 i ik / B2 O TR = 20/1 W)
IJa 35 CHA TR 1.68 g ¥ @K Acr-
TP6-2, 0% 77%. "H NMR (300 MHz, CDCl,)
8 (ppm): 7.96 (s, 1H), 7.85 (s, 5H), 6.48,
6.22, 5.86 (m, 3H), 4.65 (t, 2H, J = 5.2
Hz), 4.50 (t, 2H, J = 5.2 Hz), 4.24 (t, 10H,
J = 6.8 Hz), 2.01~1.88 (m, 10H), 1.65~
1.51 (m, 10H), 1.49~1.32 (m, 20H), 0.95
(t, 15H, ] = 6.9 Hz). ESI-MS (m/2): [M +
Na " 865.70 (Calc. 865.56),
2.3.4  Acr-TP6-6 % & &

% 3.0 g HO-TP6 (4.03 mmol).5.00 g 1,
6- IR C Kt (20.5 mmol).3.0 g BLfL AP (18.1
mmol) Ml 11.0 g JC /KBBR8 (79.7 mmol) & F
100 mL PYER AR RT3 R 2 24 h J5 s i 08 B 4k
WG bR 250 T ER J5 , A 80 mL & H Lt v
fift . LA 50 mL KPR, Ve 4 2 /0 6 38 W W - T
A 400 mL HIEE, i SR AR U0 E . A DL I i UL
LR EELRREEA 1.6- R ki e)m 35 C
F2S T 2.9 g B A Br-TP6-6, % 79 %.
"H NMR (300 MHz, CDCl;) 8 (ppm): 7.84 (s,
6H), 4.24 (m, 12H), 3.46 (t, 2H, ] = 6.7
Hz), 2.01~1.85 (m, 12H), 1.67~1.50 (m,
12H), 1.48~1.31 (m, 24H), 0.95 (t, 15H,
J =6.9 Hz) .

¥ 1.5 g NI (20.8 mmoD VA 2.4 g kiR
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A (24.0 mmol) FE 43 S W B BN 4 IR BR 3 SR
JEIMA 2.2 g Br-TP6-6 (2.4 mmoD AJ 75 mL N,
N- 2 e Y e e AR DA R 7 i 118 L 2R 1) %o 4 —
. 7E 120 °C ML 24 ho J8HE R 259 7 N N-—H
LDt i I o D S8 0T Vs i KR O A ALZE
TCOK B R B T8 5, ik e JE AT Sl Ak (A T ik / & 12
LBR=10/1 WP, &5 35 CHZE T I K G
1.65 g # @ [# & Acr-TP6-6, #r % 76%. 'H
NMR (300 MHz, CDCl;) 6 (ppm).: 7.84 (s,
6H), 6.40, 6.13, 5.80 (m, 3H), 4.26~4.16
(m, 14H), 2.01~1.87 (m, 12H), 1.81~1.70
(m, 2H), 1.65~1.50 (m, 12H), 1.47~1.30
(m, 22H), 0.93 (t, 15H, J = 7.0 Hz). ESI-
MS (m/z): [M + Na]" 921.60 (Calc. 921.62),

3 ZRL5i#

31 EREHIFEPEEHEH

X T A] A T Re Ak v ] A AR 2R T 3R TN 96 R
T VR A 25 T 1 T 2% o F TR R BE 22 0 HY B () B
B vy 5 2 N AT P AL L B 3 T ) B 2 L
DL Z 43 500 R A0 1 B 19 4 B R & Rk
E

O JC 7. H 35 (] B L ok R R 4 Y Acr-
TPk-0, F| FH N M Bk 8 5 OB B AT FE & — D R
Al S A AT A5 3, fH X LA R AR X R A
S5 PR v ELAS By J A R IO S T DA B 4E 5
FEVKUE Z5 A F D9 0 ok 0 i) — W B v W Al 2

2 b IR A 7E TR A S8 T RN L R B AR e 4, H
Rk 90 % L I,

@i 3 — AW Acr-TPk-1, 3% 7"
Wy 235 R A R S 1 5 e R DY TR P o i —
P PR 4 L B DAAS 8 4% BRI T < (8] Fy 56 72 )
SR DA R Bk i g XTI SIS
BT ZH S G BT R PR R D 0 IR T L PR T B R
FEARTFIELE R o AL B 1 T LA B ) 8 5
PR 5 DY A TR T S I e 44 3] 1 B I R ] B H A
P2 5 3% BN R 2 A 2 T AR ORI 36 06 .

Qi BE 2 W B0 Acr-TPk-m (m =
2~5) o 1 Tk VR R o e T R AR A 2R
i RUAT AL IR0 0 D I L AR SR AT S B R
FE R A kAR B R o BV AR AR e J K et A
T AR MR ] FA — Sk B Vi A AR SN T R BR
TR, HRl RN Z ., BT LS % SC s
TSR U T R Ak B 1 AR I B AR T L 7E
7 FIIK B AR AR R R S SR PRI A B 5 3 H
PR BRI

@im KA 2 W BN Acr-TPkm (m =
6~ 10 o SR B KL AT TR V5 YL B TR 0 4 4L P 37 45
R B AL S 25 . E IR S 2 A ok B 1 A5 1O
T AT RLBEAS i AT B3 i TR R A RN L — TR
it DRARF S LG 5 AT AR 25 AE N N- T 3 T i
VW h 5 YR R B AR S N A B B AR R BUR R
o AR AT DU ok bR A e A% 1 Ak B I
R
3.2 HAEBBRMBITARIE

K1 EWREHFIFEDEE Acr-TPk-m RS ITEHIESHAR

Tab.1 Thermal data and assigned mesophases of triphenylene acrylate intermediates Acr-TPk-m

Compound Second heating First cooling
Acr-TP4-0 Coly, 194(24.2) 1 1193(—25.8) Coly,
Acr-TP4-1 K 106(66.3) 1 1100(—6.4) Col, 47(—47.4) K
Acr-TP4-2 K 66(34.6) Col, 117(8.1) 1 1116(—8.5) Col, 40(—33.4) K
Acr-TP4-3 K 99(71.9) 1 195(—7.1) Col, 52(—53.0) K
Acr-TP4-4 K 58(43.2) Col, 86(5.1) 1 183(—6.3) Col, 24(—37.4) K
Acr-TP4-5 K 59(49.3) 1 152(—3.8) Col, 26(—41.2) K
Acr-TP4-6 K 54(41.6) 1 121(—37.9) K
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Compound Second heating First cooling
Acr-TP6-0 Col, 106(2.1) 1 199(—1.7) Col,
Acr-TP6-1 K 87(56.8) 1 159(—58.8) K
Acr-TP6-2 K 54(34.5) 1 131(—31.1) K
Acr-TP6-3 K 59(42.3) Col, 78(2.8) 1 176(—2.6) Col, 40(—41.4) K
Acr-TP6-4 K 48(34.6) 1 130(—34.4) K
Acr-TP6-5 K 51(40.9) 1 131(—39.6) K
Acr-TP6-6 K 47(41.0) 1 124(—38.0) K
Acr-TP6-7 K 48(47.8) 1 129(—45.3) K
Acr-TP6-8 K54(59.2) 1 128(—50.9) K
Acr-TP6-9 K 48(53.8) 1 127(—49.8) K
Acr-TP6-10 K 42(44.2) 1 122(—42.8) K

Abbr. Col,, = Hexagonal columnar plastic phase; Col, =

K = Crystal phase; 1 = Isotropic state.

F N BERAETFAE v B4 19 22 $00 B (DSC) 45
KUK Ei G BRI D AT 45 T3k
Lo R T 2857 35 o 3 O T 40 1 22 90 4 s R T
Ha AR Acr-TPd-m . B 6 4~ H 5 A 5 4 1) B 2%
Acr-TP4-6 A7 45 i [ A7 41 L HoAx 3 2 B — % il
JE X 0] B A AH S . Acr-TP4-0 i a3 g 3k H 4% 5
AIFAE TS WA 3% L 32 B TR BT 0 B ) S R S
ETE S T S R DL T = Y (3D) i B
AP 878 T AR I8 & AE (Coly, ) 5 HUAR P TR 55 19 51
A X R M BRI 25 8] A9 AN DG e 8 G e LT i
o BE A I A HE A B 7 IR T B R Y
5 AFFIE . Acr-TPd-m Mhm = 1~5 HATT W&
B RTA R R B S E ] R AR S g =
A ECHED Acr-TP4-1. Acr-TP4-3 il Acr-TP4-5 H
T i U o 72 A AT 300 9% B 3R S O A R A
(Coly) , JF A B 4 AR U &5 & ik 725 24 m g i 4K
IFED Acr-TP4-2 Fl Acr-TP4-4 W) 3% 30 14 n] 3% (49
XS] B AR R i 7S T IRV A AE (Coly) R TR 45
aifl . AR REBERB SR EWIER W
DS B R A R D R B AN [ A i
G DT 77 A 28 4 728 46 1 T AT O R AIE 5 1 43 RO
s A R 1 0 25 T R i () R0 T RE A 3 R
IHE 5 A% 55 A0 N 2 TG 5 AT 1 S ) 480 H I R
1] i R Ay G2 22 S %o O AT e 20 24 HE B A S i A O

Hexagonal columnar liquid crystalline phase;

Acr-TP4-0 @ 100°C Acr-TP4-T@ 90 °C
-

Acr-TP4-2 @100 °C

Acr-TP4-4 @ 70 °C Acr-TP4-5 @ 45 °C

Acr-TP6-3 @ 70 °Q

Acr-TR60-@ 707G -

B2 BORFIEIEPTS PR B P B K Acr-TPk-m f91%
2 R i O i SO U

Fig.2 Some typical representative liquid crystalline
polarized optical microscopy textures of tri-

intermediates  Acr-

phenylene acrylate

TPk-m
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Acr-TP4-0 @ 100 C
002)(102)
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Acr-TP6-0 @ 70 C
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3 BRI HE PO 9 12 e o () A T R RE DX [R] Y
RFEME X SR H S E
Fig.3 X-ray scattering patterns of some triphenylene ac-
rylate intermediates in their liquid crystalline me-

sophases

XTI AR A 1 UK R AR Y R 51 I
B2 W LA Acr-TP6-m , AR T E IR Acr-
TP4-m Wl A AR AL ML, BR T Acr-TP6-0 1
Acr-TP6-3 LAk, I IH] B FH B K H e = 1~10
A HUEE BN i R AL B WO AR B T
Acr-TP6-0 52 3] 1 4 A A A T A 14 52 e 1] Ao A

PR 5 1 T8 S TR B R A5 A R R I R 5 Acr-
TP6-3 D A7 3 A (% AT 396 A [ B AR AU w55 3 7S 7 AR
W AH (Coly) AL IR 45 S AH

TR DX 18] i O S 3B (POMD T WL 4 3] it
R e R AE R TR 2R, & 2 FiroR L 5 T — SR
I JE P R i v e A g AR R AU R BLA R Y
HOIRZH B 254, 5 22 $0 #r (DSCO) M J5 T X A 46
B A R — B, (BAS TE R A L [ I i 4R
TG 5 T it 1 £ 0 O A BRI R LU XA AN [ e
ORG-S VI O VA B
s R 7 AR R T T T i 1) AR WA e B AT
SR I Ve BRG  ak Ve AR B R R T 20 °C 5 T e Bk
PR VARt A AT 3050 A e 708 ek R ok v A EE R AL, 1Y
INTT°C . AR EE R V2 B4 AT e 5 B R AR AR
I ETS B A e AL T 2 B B Bl ) 2R A
P SCU O AT LA AR OB B = A 0 45 AR L
T R 4 AT e 8 R RO R X R AR £, i LA
PGS 2 O e 2 A A B P2 20 3 I 3%
UBURESIE N

XF T ) A B e Bk AR Sk T A &R 51 AR A
Acr-TP4-m F1 Acr-TP6-m ,JEE R FIEFTZ SN
75 2 Tk V) ol 356 190 22 4 B e (L 1) 385 000 5 45 1o [) 4 AH
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Tab.2 Typical X-ray scattering data and detailed indexing of some representative samples

q obs q cale
Mesophase hkl l 1 Lattice parameter
/nm’ /nm’!
100 4.00 4.00
110 6.96 6.93
Acr-TP4-0 200 8.00 8.00
a = 1.81 nm
Col,, 120 10.56 10.58
. p=110g- cm”
100°C 211 14.1 13.90
002 18.01 18.01
102 18.41 18.39
Acr-TP4-1 100 3.94 3.94
a= 1.84 nm
Coly 110 6.80 6.82
. p = 1.06 g+ cm”
95°C 001 17.49
100 3.50 3.50
Acr-TP6-0
o 110 6.05 6.06 A= 2.07 nm
COlh 3
120 9.25 9.26 = 1.03 g+ cm”
701 o
001 18.01
R - g
_TP== - SN
- S e i, T A 4 = ®
= * - ————
= = —— ASCETA T AR A 0 2k o) A B —

CCECEEEL

P4 MBS 5 DR 25 4 3 BUR 2

Fig.4 Schematic illustration oftypical hexagonal co-

lumnar mesophase structures
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