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Synthesis of 1,2,3,4,5-Pentaarylcyclopenta-2,4-diene Derivatives and
Their Aggregation-Induced Emission Properties

Qiu, Shuhai*’ Xu, Shengjie” Zhou, Guofu* Shui, Lingling™* Zhu, Xiaozhang™*”
(“ Electronic Paper Display Institute, South China Academy of Advanced Optoelectronics, South China Normal University,
Guangzhou 510006)

(% CAS Key Laboratory of Organic Solids, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract Pentaarylated cyclopentcyclodienes have aggregation-induced emission (AIE) characteristics and can be easily
derivatized, but are rarely studied. In order to examine the effect of the electronic properties and the position of the substituents
on AIE properties, an expedient method for the synthesis of a series of pentaarylated cyclopentadiene derivatives was devel-
oped, and their UV-Vis, fluorescence spectra, fluorescence quantum yields as well as the XRD structures of single crystals

were investigated. The AIE properties of pentaarylated cyclopentadiene derivatives were studied in detail.
Keywords pentaarylated cyclopentadienes; aggregation-induced emission
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IR T & R ITEA R T — R 1075 R IR
% s R AT A, BB T R R R T RE T R
AN AR B BB EE X SRR 15 5 0 e M o AR 5 .
1 GR5TR
1.1 AFEBRKRFXZHHEK

T 5% 5 AR IR I 0 14 B R T DA e A A A 3R T
TR DT AL SN S AL 3a~3d MR 2 RTIRIE
(SR A RIS, LS 3e~3h A R FH 2SR AR 1
IR W 7738, =0T SR E VRO AR, BRI Ha
B, NN'- I LG (DMF) T N7, 2SR
T 130 CJM 1~6 h, BIF[4r B33, W Eq. 1T
N, SEIGEE SRR, 45 AT RS FL T RE I EL
AEER, BB I3, AR g R B &g
K (60%), HE0 T RZHf b FRBMNE, mRIER
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Figure 1 (a) UV-Vis absorption of compounds 3a~3e in the
powders; (b) Fluorescence spectra compounds 3a~3e in the
powders
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i
Figure 2 PL spectra of compound 3a in THF-water mixtures
Concentration of 3a: 10 pumolsL " '; Excitation wavelength: 352 nm
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Table 1 Optical properties of 1,2,3,4,5-Pentaarylcyclopenta-
diene Derivatives

e Adbe . Aen %ﬁ‘ﬁ%?
Soln%/nm  Solid’nm  Solidmm 7= %%
3a 340 352 445 38.0
3b 346 354 450 21.1
3c 356 358 468 21.4
3d 338 344 434 46.4
3e 346 352 476 16.2
3f 348 350 465 16.1
3g 340 346 438 32.1
3h 352 362 444 1.4
4a 356 374 460 16.0
4b 358 370 476 29.3
4c 370 376 482 3.7
4d 352 358 443 333
4f 358 370 485 8.1
4h 358 376 — 0.3
5 354 370 457 19.0
6 — 335 426 31.1
7 350 370 457 12.5
8 — 302 379 14.7

“soln PRI LA HILE SR BRI P HO M 55 B, VRIE 1X10 ° moleL ;
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Figure 3 Two different molecule structures of compound 4a

1750 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

B4 LE 4a BIPTRA FIHERI SR

Figure 4 Two different stacking images of compound 4a
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il T S AT I 75 13RS, 'TH NMR AT °C NMR
Bruker Ultrashield Plus 4 300 MHz 5% 400 MHz #Z% k395
IS, LA CDCly AR, TMS F bR, 3540 BOG
FRHT HL S KAT I (MALDI-TOF-MS)MiX 7E Bruker Jiii
CEHEAT. AR W WOE G E Shimadzu UV-3600
RV A=) W e e i BIAR, RO R G i e
Shimadzu RF-5301PC #GIGIEAX_EINAR, 2% 580 &
TP F-3018 B BRI NANO-FL3-1066C %%
G BT VRGP R R RS 2 AR
NanoPlus Zeta/nano Particle Analyzer Jll75.

3.2 ZWHE

3.2.1 A ERBURIRIR M A4 69 & %,

&9 3a~3i $% B SCHR[18HRIE J7 VA Rk, HAAsE
WARAEW T P AR T, 1) 15 mL i & N )
T A NN- 0 H R I A AR OO N T TR (14 mg,
0.0625 mmol). —FUT FEBE(10% IE D Fe¥E L, 0.6 mL,
0.25 mmol). BRER%((0.98 g, 3.0 mmol). XA Jf &
1 #5(74 mg, 0.25 mmol) FIIRALF5 #2(3 mmol), R/5 %
BT 130 CHmnmN, KM 1~6h. AHR|=EET
U8, SR B siE e, IEAHBRIRELE 65 CHUE
Br2s, SRE A P bRid It i NG SRk, F Rk
B 23V, FRE RIS Z B A 7 B 159 30 7= .

1,2,3,4,5- 100 SR B30 0 05 (3e): v BT EA ] 4,
FEHN 25%. 'TH NMR (300 MHz, CDCl;) d: 4.93 (s, 1H),
6.82 (d, J=8.6 Hz, 4H), 6.89 (d, J=8.5 Hz, 4H), 7.01~
7.10 (m, 6H), 7.14~7.18 (m, 6H); *C NMR (100 MHz,
CDCly) 6: 62.2, 128.5, 128.7, 129.3, 129.7, 130.2, 131.4,
133.1, 133.5, 133.6, 135.6, 143.2, 146.1; MS m/z (%): 618
(M*, 100), 620 (64), 616 (63). Anal. calcd for C3sH,,Cls: C
67.93, H 3.42; found C 67.59, H 3.50.

1,2,3,4,5- T [0 FARBE 30 1 45 (3): A B [ 44, 7=
N 74%. '"H NMR (400 MHz, CDCl;) J: 3.46 (s, 6H),
3.55 (s, 6H), 3.71 (s, 3H), 5.02 (s, 1H), 6.50~6.61 (m,
6H), 6.61~6.74 (m, 7TH), 6.78 (s, 1H), 6.87 (d, J=7.5 Hz,
1H), 6.96 (t, J=7.9 Hz, 2H), 7.01~7.15 (m, 3H); "°*C
NMR (75 MHz, CDCl;) d: 54.9, 55.2, 111.6, 113.1, 113.2,
113.8, 114.5, 115.1, 121.4, 121.7, 122.7, 128.7, 129.1,
129.6, 137.0, 137.6, 139.8, 144.1, 146.2; MS m/z (%): 596
(M", 100), 597 (44), 598 (10). Anal. calcd for C4H3¢0s5: C
80.51, H 6.08; found C 80.37, H 6.10.

1,2,3,4,5- TRV SR FL IR 1 05 (3g): (il 44, 7=
N 25%. 'H NMR (400 MHz, CDCl;) d: 5.02 (s, 1H),
6.63 (d, J=10.5 Hz, 2H), 6.67~6.94 (m, 12H), 7.02 (dt,
J=17.2, 7.8 Hz, 3H), 7.17 (td, J=14.3, 8.1 Hz, 3H); “C
NMR (75 MHz, CDCLy) §: 62.3 (d, J=6.1 Hz), 114.2 (d,
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J=84.2 Hz), 114.4 (d, J=83.8 Hz), 114.7 (d, J=83.7 Hz),
114.8 (d, J=86.1 Hz), 115.7 (d, J=88.4 Hz), 116.8 (d, J=
86.5 Hz), 124.4 (d, J=11.0 Hz), 124.8 (d, J=11.1 Hz),
125.8 (d, J=11.3 Hz), 129.6 (d, J=33.8 Hz), 130.0 (d, J=
33.5 Hz), 130.5 (d, J=33.3 Hz), 137.0 (d, J=32.0 Hz),
137.3 (d, J=31.7 Hz), 139.4 (d, J=17.7 Hz), 143.6 (d,
J=7.8 Hz), 146.1 (d, J=9.4 Hz), 160.8, 161.1, 161.5,
164.1, 164.3, 164.8; MS m/z (%): 536 (M, 100), 537 (38),
538 (7). Anal. calcd for C35sH, Fs: C 78.35, H 3.95; found
C 77.98,H3.97.

1,2,3,4,5- TL(3-MEWH) IR % — A (3h): A fE, 7R
N 56%. '"H NMR (400 MHz, CDCl;) J: 5.07 (s, 1H), 6.66
(dd, J=5.0, 1.0 Hz, 2H), 6.77~6.78 (m, 2H), 6.87 (td, J=
9.3, 5.2, 3.7 Hz, 5H), 7.03 (dd, J=5.0, 3.0 Hz, 2H), 7.17
(dd, J=4.8, 3.0 Hz, 1H), 7.17 (dd, J=4.8, 3.0 Hz, 1H);
C NMR (75 MHz, CDCly) 6: 57.7, 122.3, 122.8, 124.1,
124.4, 125.0, 126.1, 126.7, 127.8, 129.0, 136.4, 136.6,
137.8, 139.0, 140.1; MS m/z (%): 476 (M, 100), 477 (27),
478 (23). Anal. calcd for CysH ¢Ss: C 62.99, H 3.38; found
C 62.75, H 3.30.
322 A EBURIRR BT 69 A Ak

ZAMRYT, W15 mL i R N B TS NON-H
2 PR B P AR O N BB BR (14 mg, 0.0625 mmol). =L
THPEA0%IE B, 0.6 mL, 0.25 mmol). FREL4:
(0.98 g, 3.0 mmol). XAK M —FEiEE(74 mg, 0.25
mmol)FIJRALT5 483 mmol), SRJF % EE T 130 CHIH
WA, M 1~6 h. RRIBEFZE 80 CHf, I
i, GREEEE 1~2 h. REARTEEAHEILIE, JEH
TR P LOIETRUINE. IR R 65 CIRERR 2,
SRE T A R A, INNERRER, TR E R 2
A, ARG PR R b E A 23 B 15 2=

1,2,3,4,5- 0 5% 9602 5 BRI 075 I (4d): - 1 0[] 44,
F=FN 49%. 'H NMR (400 MHz, CDCl;) d: 2.36 (s, 1H),
6.76 (t, J=8.7 Hz, 4H), 6.80~7.00 (m, 14H), 7.45 (dd,
J=8.7, 5.4 Hz, 2H); *C NMR (75 MHz, CDCl;) J: 89.8,
115.1, 115.4, 115.6, 115.9, 126.7 (d, J=31.8 Hz), 129.5 (d,
J=13.71 Hz), 130.5 (d, J=14.04 Hz), 131.3 (d, J=31.5
Hz), 131.7 (d, J=31.8 Hz), 135.4 (d, J=13.2 Hz), 147.1,
160.5 (d, J=40.5 Hz), 163.8 (d, J=39.6 Hz); MS m/z (%):
552 (M", 100), 553 (38), 554 (7). Anal. caled for
C35H, FsO: C 76.08, H 3.83; found C 75.73, H 3.82.

1,2,3,4,5- F0.[A] H AR 2K B PR I 0 T2 (4): ¥R 3 (L[]
&, P23 N 67%. 'H NMR (300 MHz, CDCL3) J: 2.53 (s,
1H), 3.46 (s, 6H), 3.52 (s, 6H), 3.74 (s, 3H), 6.52~6.53
(m, 2H), 6.58~6.75 (m, 11H), 6.96 (td, J=7.7, 1.3 Hz,
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2H), 7.06 (t, J=7.9 Hz, 2H), 7.19~7.20 (m, 3H); "*C
NMR (75 MHz, CDCly) 6: 54.9, 55.2, 55.3, 90.0, 111.3,
112.5, 113.7, 113.9, 114.2, 114.9, 117.6, 122.2, 122.5,
128.9, 129.2, 129.6, 135.0, 136.6, 142.2, 142.6, 147.7,
158.9, 159.3, 160.0; MS m/z (%): 612 (M, 100), 613 (43),
614 (11). Anal. caled for C4H;40: C 78.41, H 5.92; found
C 78.32, H 5.89.

1,2,3,4,5- 1. (3-ME Wy ) 3 BRI, — I B (4h): A 35 €00 [&]
1, 7% 69%. '"H NMR (300 MHz, CDCl;) 6: 2.53 (s,
1H), 6.69 (dd, J=5.1, 1.2 Hz, 2H), 6.78 (dd, J=5.0, 1.2
Hz, 2H), 6.87~6.95 (m, 3H), 7.04 (dd, J=5.1, 3.0 Hz,
2H), 7.15~7.24 (m, 5H), 7.55 (dd, J=3.0, 1.2 Hz, 1H);
C NMR (75 MHz, CDCl5) 6: 88.3, 123.8, 124.3, 124.7,
125.3, 125.4, 126.4, 128.0, 128.9, 134.1, 135.6, 136.0,
142.1, 142.8; MS m/z (%): 492 (M", 100), 493 (31), 494
(24). Anal. caled for C,sH6Ss: C 60.94, H 3.27; found C
60.76, H 3.32.

323 b4 5~8 894k

A 7R 85 g HE SRRk BT 7 925 B .

5-(4-5 T 3E)-1,2,3,4,5- LR FEIL R 45 (5): BA
RN, HTR R VUSRI ARG 54 4a (0.187 g, 0.40
mmol), SRJEIMNEAEN60% )i+, 0.80 mmol), =
BB 0.5 h BRJEIAN 1,4- =& T HE(108 mg, 0.48
mmol), N 1 h J&, AP T ZLE(18 mg, 0.048
mmol), Ei&HiFE 2 h IMAEEEAEEK, HZ&F
FEAEH 3 Ik, FTC/KBRIREE T 1, TV, i rEmAE,
BENR B AEA, 22N 32%. 'H NMR (400 MHz,
CDCly) 6: 1.61~1.80 (m, 4H), 3.27 (t, J=6.3 Hz, 2H),
3.69 (t, J=5.5 Hz, 2H), 7.00 (d, J=7.6 Hz, 13H), 7.17 (t,
J=6.3 Hz, 7TH), 7.23 (d, J=7.8 Hz, 2H), 7.62 (d, J=7.4
Hz, 2H); °C NMR (75 MHz, CDCl3) 6: 27.1, 29.5, 44.9,
62.1,94.7,125.5, 126.9, 126.9, 127.3, 127.7, 128.2, 128 4,
129.2, 130.0, 134.1, 135.7, 139.9, 144.3, 145.4; MS m/z
(%): 552 (M, 100), 553 (43), 554 (32). Anal. calcd for
C5oH33ClO: C 84.68, H 6.01; found C 84.59, H 5.99.

5-F3E-1,2,3,4,5- LR FL IR T 4 (6): AR T,
F 8 T AR A AL 59 3a (160 mg, 0.36 mmol),
0 ‘CFZEEWM 1.6 moleL ™" 1E T H4 IF CUE VAW (0.25
ml, 0.40 mmol), ZE FHFET 1 h. 0 CFiR ML LT
(27 pL, 0.43 mmol), $Hi+E2 h. FABRACHRBREN K
N, “EFREAE 3 R, FTCKEREREE T LA, e
T, SRR, BEIA R KB, 725 N90%. 'H
NMR (400 MHz, CDCLy) §: 1.68 (s, 3H), 6.75 (t, 4H),
6.76~7.03 (m, 16H), 7.18~7.34 (m, 5H); *C NMR (75
MHz, CDCly) d: 18.9, 63.3, 126.5, 126.6, 126.7, 127.6,
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127.7, 128.6, 129.9, 130.3, 136.0, 136.3, 139.8, 142.3, 153;
MS mi/z (%): 460 (M", 100), 461 (39), 462 (7). Anal. caled
for Cselg: C 93.87, H 6.13; found C 93.59, H 6.12.

4 Bh#4 %] (Supporting Information) F7 HAirfb 54
R A OERER . "H NMR. PC NMR B3 K 5 S T
el X LR AT DL A 9% AR T 99 32k (hitp://sioc-journal.
cn/) BN #LL
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