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Abstract Series of 1,1,4,4-tetraphenylbuta-1,3-diene (TPB) derivatives, named TPB-COOCHj3-1~6 and TPB-COOH-1~6
containing different alkyl chains and polar substituents, were designed and synthesized by terminal alkyne dimerization and
Pd-catalyzed cross-coupling, etc. The target compounds were characterized by 'H nuclear magnetic resonance, °C nuclear
magnetic resonance, mass spectrum, Fourier transform infrared, from which satisfactory results to their molecular structures
were obtained. They all have good thermal stabilities with high decomposition temperatures above 310 ‘C based on thermo-
gravimetric analysis. Investigation of the photophysical properties indicated that the target compounds exhibited significant
aggregation-induced emission (AIE) features with higher o (0arr= Ppr solid/ PrLsorn) Values of 20.5~49.6 for
TPB-COOCH;-1~6 and 14.4~26.3 for TPB-COOH-1~6, and their photoluminescence quantum yields in solid state
(PpLs01ia) Were determined as high as 71.3%~89.1% and 34.5%~73.2% for TPB-COOCH;-1~6 and TPB-COOH-1~6,
respectively. The different lengths of alkyl chains and the polarity of the other substituent had obvious effect on the regular
molecular stacking of the target compounds when they were forced to aggregate or precipitate, which affects the intermolec-
ular interaction and the restriction degree of the rotators, consequently influenced their AIE behavior in the tetrahydrofuran
(THF)/H,0 mixtures. For the compounds TPB-COOCH3-1~6 containing methyl esters and different alkyl chains,
TPB-COOCH;-3, which is with n-propyl, exhibited the most significant fluorescence enhancement (//1,=26.0) in the
THF/H,O mixtures. While, for TPB-COOH-1~6 containing -COOH and alkyl chains, TPB-COOH-6, which is with n-hexyl,
had the maximum 7/1, (I/I,=15.7) due to the increase of hydrophilicity. Careful comparison revealed that the /1, and @py s.1iq
values of TPB-COOCH;-1~6 were higher than those of TPB-COOH-1~6 containing same alkyl chains under the same
measuring condition, mainly attributing to the interaction between the -COOH groups or between -COOH and the polar sol-
vent molecules, which increasing the nonradiative energy decay and weakening fluorescence emission. Furthermore, the in-
corporation of bovine serum albumin (BSA) and human serum albumin (HSA) into TPB-COOH significantly enhanced the
solid-state fluorescence emission, and the BSA and HSA also influenced the mechanochromic properties of the AIEgens con-
taining -COOH. Especially, the fluorescence intensity increased obviously after grinding the doped system of TPB-COOH-2
and BSA, mainly because the existence and steric hindrance of BSA molecules weakened the n-n interaction of the planarized
TPB-COOH-2 molecules, which effectively inhibiting the intramolecular rotation of benzene ring and reducing the nonradia-
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Figure 2 Fluorescence  spectra of TPB-COOCH;-3 (a) and
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Figure 4 The crystal structures, molecular packing patterns of TPB-COOH-4 (a~c) (CCDC 2123962) and TPB-COOH-6 (d~f) (CCDC 2123963)
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Figure 5 Fluorescence spectra of TPB-COOH-2, COOH-2+BSA and
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1P, R, 78008 G 2 A T TP,
SECHIRR R N, AR K a2 S A
TPB-COOH-2, TPB Z54 Pt 2158 H nn #HHAF
H, IR T HE5R T RE R, DRI AIT B 5 5 FE PRI,
F DCM b5 & B 5 a7, HOe et e s E
(P 6 F1 S24(a)). MR A4 COOH-2+BSA BB 5, ¥t
o U T N LR X R O R (UL, = 2.2) KT
TPB-COOH-2(1/1,=0.45); [FIFf, COOH-2+HSA & J5
FESLIY 1/1,=0.98, L8] & & F TPB-COOH-2(K 6 #lI
S24(b, ¢)), VLEHBA: T EAR M RE BT RS, ]
& TPB 4ikaT-Fiifh, {28 AR MAEE LI H]
AL BH AENE IR 597 T 2 T 1A i - MR ELVE R . A5 5] 1
RN E e, RO, thAh, WA EA
R EA 24%F R T HIE F, BSA BA 2 MR IR
F(Trp134 A1 Trp213), HSA KA 1 AN(Trp214), & Itk
PR 5 AR (45 A AR R 22 55, Hk, —
#LY TPB-COOH-2  [a]ff&l g E F LA K= A i 23 (] BH

BEH I EAR, 4605 COOH-2+BSA £l COOH-2
34
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Fi DCM V& fRDTE 5 A% S BRSO 2 BB BE (1 Do) e R RS () 2
FAH BRI R A

Figure 6 The /]y, Aem of the pristine, ground and returned solid samples
of TPB-COOH-2, COOH-2+BSA, COOH-2+HSA, and their fluores-
cence images

COOH-2+HSA
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+HSA WFEE T f5 2GR s i E =k = 5 (] 5
F16). F DCM ¥ fE Lyl f5, TPB-COOH-2 5 & F i 2
B PRV 3G 58, i 4% S RE = AR RERE K, DR e i
JEE 35 B R AR (] 6 AT S24(b, ©)).

I LA R R X S ATH (PXRD)IR 7T
Ji5 TPB-COOH-2 HIAHHAFE I Jont 3 77 85048 (52 1)
L. L AME R 5, iR 2& A BSA 5 HSA iR
HFE, BURTTEE S, HA /MRS R IR AR
(Bl 70 S25), UiAH4E 4% Kt S ik F 3 oK 72 A 1)
fh2zE. 53 PXRD B, —=/MIGAHEE 35 H IR 8L HIAT
SHEE 7(b~d)M S26), RUIHEAHFaiALiy. o
B& )5, TPB-COOH-2 1) K& 4y db AR AT 5 Wy 2%, H1E
10°~22°Z [a) IR T SR BT S U (B 7(b)), BB A
RIEMG, S a R PR, T B T ST kbt
SR N BRI Bl P B DOM B RDUE S, TR
A S AT AR R, R IETE K E B ATIE AR
. IRAFES COOH-2+BSA Al COOH-2+HSA 1E T B
Jo, I T R URER AT I, A SRB N SR AT
MBS HIRIG(E 7(c, d)), UiBH R IRRGE, REEmR
I3 F BIAFAE S ARG E ], TPB 450 Pk 512 i dE4E
SREERFESHE N, RIS 11, W& & T4
TPB-COOH-2. DCM 4B 5, £ 555 5 UliE 35
#h4r TPB-COOH-2 4y, Iz =& 2 A HAEH
3G R S BFE R S LR, R 655,

E COOH-2+BSA @ TPB-COOH-2

Ground Returned

m
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23

Figure 7 IR spectra of (a) COOH-2+BSA; and PXRD patterns of (b)
TPB-COOH-2, (c¢) COOH-2+BSA, (d) COOH-2+HSA in their pristine,
ground and returned states
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AL E BT AR E) ATE 35 PE YR
T AT4Y) TPB-COOCH;-1~6 1 TPB-COOH-1~6.
A B As i &85 BRI B R OGE T 8%, IEH
RESVOLEE R H B IR T M 8~30 £, H AIE
IRl T aare f i 49.6. e FEHE I B JL ATE M5 A B
SR, FESEUCH TPB-COOCH;-1~6 1, i IE
FEEI1E &%) TPB-COOCH;-3 LA e i) ooage 18 X T
FRILEH) TPB-COOH-1~6, KIFRFEMINIE FSE Kk,
o AIE T NRA R, bt s K SRR
TPB-COOH-6 fERERMI &%, JHH,
[ BEREUR AHFK S R, FREREURI TPB fi7 A
R FE G INAEEAN o BRAR T H BRECA =4, t4h,
EEFBANRIEATAEY TPB-COOH Hint 2 A I 1455 H
] A5 B 1R RS JUHRTEE JR, 5 448 19 i
JE ot — 0, BA BB aN, k— B R
FH R AIE W5 R K 71 808 G2
MRt T HEAR R

4 SKIGERSY
41 TPB-Brth&m

¥ 50 mL H M IEVV=49/1)IR &% 10
mmol [ 4-ZRFEFRHFEHES. 0.5 mmol FALALAN 30
mmol FALHTIIN SR SO, #iRWHE 12 h. ek 2%
A, AEEE B &) C VoAaED)=2 11 fl 4
1), FiHIE Clbe B 45 b AR 3 Ry AR A, 7226 15%.
'H NMR (400 MHz, CDCl5) &: 7.99 (d, J=8.5 Hz, 4H),
7.70 (d, J=8.5 Hz, 4H), 7.40 (s, 2H), 3.88 (s, 6H); IR:
2944 (C—H), 1715 (C=0), 766 (C—Br) cm'; MAL-
DI-TOF MS m/z: calcd 479.9395, found 480.0623 [M]".
4.2 TPB-COOCH3-1~6 BI& R

¥ 5.3 mL H2K, 1.3 mL HfE. 0.2 mmol (1] TPB-Br.
1 mmol BUZEMIER . 0.028 mmol PU(=ZEILR)E. 1.21
mmol BRERF NI BB T, I AEA =R, i
FEFEEFHRZE 70 C, M 12 h. JlJEHIE, WRAFIER
HHATHAIE B AR ) - VOECk)=4: 1),
HMIE Qe 2 i, 1R SRk RKED A=)

TPB-COOCH;-1: 773 96.0%. 'H NMR (400 MHz,
CDCly) d: 8.08 (d, J=8.4 Hz, 4H), 7.38 (d, J=8.4 Hz,
4H), 7.02 (q, J=8.3 Hz, 8H), 6.70 (s, 2H), 3.95 (s, 6H),
2.31 (s, 6H); °C NMR (101 MHz, CDCls) d: 166.97,
144.89, 143.34, 138.86, 137.82, 130.75, 129.56, 129.28,
129.07, 127.54, 125.51, 52.16, 21.12; IR: 2940 (C—H),
1721 (C=0), 1270 (C—O—C) cm '; MALDI-TOF MS
m/z: caled 502.2144, found 502.0990 [M]".

TPB-COOCH;-2: *3 94.3%. 'H NMR (400 MHz,
CDCly) d: 8.01 (d, J=8.3 Hz, 4H), 7.32 (d, J=8.3 Hz,
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4H), 6.98 (q, J=8.4 Hz, 8H), 6.64 (s, 2H), 3.88 (s, 6H),
2.54 (d, J=7.6 Hz, 4H), 1.13 (t, J=7.6 Hz, 6H); °C NMR
(101 MHz, CDCl;) d: 166.99, 144.91, 144.16, 143.35,
139.05, 130.76, 129.56, 129.27, 127.87, 127.59, 125.56,
52.16, 28.52, 15.40; IR: 2965 (C—H), 1715 (C=0), 1268
(C—0—C) cm'; MALDI-TOF MS m/z: caled 530.2457,
found 530.1507 [M]".

TPB-COOCH;-3: 773 95.8%. 'H NMR (400 MHz,
CDCly) 0: 7.89 (d, J=8.5 Hz, 4H), 6.85 (s, 2H), 3.89 (s,
6H), 2.69~2.62 (m, 4H), 1.71 (dd, J=15.1, 7.5 Hz, 4H),
0.99 (t, J=7.3 Hz, 6H); *C NMR (101 MHz, CDCl;) ¢:
166.90, 147.08, 144.10, 142.58, 136.30, 130.49, 129.44,
128.83, 128.49, 127.72, 127.56, 52.03, 37.88, 24.39, 13.93;
IR: 2951 (C—H), 1715 (C=0), 1264 (C—O0—C) cm';
MALDI-TOF MS m/z: caled 558.2770, found 558.2142
M]".

TPB-COOCH;-4: /% 96.2%. 'H NMR (400 MHz,
CDCly) 0: 7.89 (d, J=8.5 Hz, 4H), 6.84 (s, 2H), 3.88 (s,
6H), 2.73~2.62 (m, 4H), 1.67 (dt, J=15.4, 7.6 Hz, 4H),
1.46~1.34 (m, 4H), 0.97 (t, J=7.3 Hz, 6H); C NMR
(101 MHz, CDCl;) d: 166.90, 147.10, 144.10, 142.81,
136.26, 130.51, 129.43, 128.83, 128.43, 127.73, 127.56,
52.03, 35.51, 33.47, 22.51, 14.00; IR: 2936 (C—H), 1713
(C=0), 1268 (C—O—C) cm'; MALDI-TOF MS m/z:
caled 586.3083, found 586.2380 [M]".

TPB-COOCH;-5: 773 95.3%. '"H NMR (400 MHz,
CDCly) 0: 7.89 (d, J=8.6 Hz, 4H), 6.84 (s, 2H), 3.88 (s,
6H), 2.72~2.60 (m, 4H), 1.75~1.63 (m, 4H), 1.44~1.31
(m, 8H), 0.92 (t, J=6.8 Hz, 6H); C NMR (101 MHz,
CDCly) d: 166.90, 147.09, 144.10, 142.86, 136.26, 130.51,
129.43, 128.83, 128.42, 127.73, 127.56, 52.03, 35.79,
31.67, 30.99, 22.56, 14.07; IR: 2932 (C—H), 1717 (C=
0), 1266 (C—O—C) cm '; MALDI-TOF MS m/z: calcd
614.3396, found 614.2780 [M] .

TPB-COOCH;-6: %3 95.0%. '"H NMR (400 MHz,
CDCly) 0: 7.82 (d, J=8.4 Hz, 4H), 6.77 (s, 2H), 3.82 (s,
6H), 2.64~2.54 (m, 4H), 1.66~1.56 (m, 4H), 1.29 (d, J=
14.8 Hz, 12H), 0.83 (t, J=6.8 Hz, 6H); *C NMR (101
MHz, CDCl;) 0: 166.89, 147.09, 144.10, 142.85, 136.25,
130.51, 129.43, 128.83, 128.42, 127.72, 127.56, 52.03,
35.82,31.74, 31.26, 29.10, 22.64, 14.09; IR: 2918 (C—H),
1715 (C=0), 1264 (C—O—C) cm'; MALDI-TOF MS
m/z: caled 642.3709, found 642.3043 [M]".

4.3 TPB-COOH-1~6 HI& A

# 0.18 mmol ) TPB-COOCH;-1~6 113 mL ) THF
IINE B, B E A 3 mL ) NaOH %
(10 mg/mL), Ii#4Z 80 C/ MY 12 h. FERZER, MEZE
Tk THF, DONHE SRERAT K EUIHE, HIE ki 2
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TPB-COOH-1: /3% 952%. 'H NMR (400 MHz,
DMSO-d) d: 13.02 (s, 2H), 8.04 (d, J=8.3 Hz, 4H), 7.40
(d, J=8.3 Hz, 4H), 7.11 (d, J=8.1 Hz, 4H), 6.97 (d, J=
8.2 Hz, 4H), 6.62 (s, 2H), 2.26 (s, 6H); C NMR (176
MHz, DMSO-ds) &: 167.19, 143.91, 143.17, 138.51,
137.64, 130.62, 130.20, 129.62, 129.32, 127.25, 124.94,
20.80; IR: 3018 (O—H), 1690 (C=0) cm '; MS m/z:
calcd 474.1831, found 473.1763 [M—H] .

TPB-COOH-2: /3 94.7%. 'H NMR (400 MHz,
DMSO-dg) 0: 13.08 (s, 2H), 8.10 (d, J=8.3 Hz, 4H), 7.47
(d, J=8.3 Hz, 4H), 7.20 (d, J=8.3 Hz, 4H), 7.06 (d, J=
8.2 Hz, 4H), 6.69 (s, 2H), 1.20 (t, J=7.6 Hz, 6H); "*C
NMR (176 MHz, DMSO-d) J: 167.54, 144.26, 144.20,
143.56, 139.11, 130.96, 130.62, 129.96, 128.49, 127.66,
125.37, 28.27, 15.86; IR: 2971 (O—H), 1690 (C=0)
cm ', MS m/z: caled 502.2144, found 501.2045 [M—H] .

TPB-COOH-3: /3 94.5%. 'H NMR (400 MHz,
DMSO-d) d: 12.90 (s, 2H), 7.85 (d, J=8.5 Hz, 4H), 7.31
(d, J=8.1 Hz, 4H), 7.20 (d, J=8.2 Hz, 8H), 6.72 (s, 2H),
2.66~2.58 (m, 4H), 1.66 (dd, J=15.1, 7.5 Hz, 4H), 0.94
(t, J=7.3 Hz, 6H); °C NMR (176 MHz, DMSO-d;) J:
167.41, 146.54, 144.25, 142.67, 136.29, 130.65, 130.25,
130.00, 129.02, 127.87, 127.29, 37.50, 24.31, 14.25; IR:
2969 (O —H), 1690 (C=0) cm'; MS m/z: caled
530.2457, found 529.2379 [M—H] .

TPB-COOH-4: /*3 96.3%. 'H NMR (400 MHz,
DMSO-d) d: 12.93 (s, 2H), 7.85 (d, J=8.5 Hz, 4H), 7.31
(d, J=8.1 Hz, 4H), 7.20 (d, J=8.3 Hz, 8H), 6.71 (s, 2H),
2.68~2.62 (m, 4H), 1.60 (dd, J=15.3, 7.8 Hz, 4H), 1.35
(dd, J=14.8, 7.4 Hz, 4H), 0.92 (t, J=7.3 Hz, 6H); "°C
NMR (176 MHz, DMSO-d) J: 167.40, 146.52, 144.24,
142.87, 136.24, 130.66, 130.24, 130.00, 128.97, 127.86,
127.29, 35.10, 33.36, 22.38, 14.29; IR: 2953 (O—H), 1684
(C=0) cm'; MS m/z: caled 558.2770, found 557.2736 [M
—HJ.

TPB-COOH-5: 7“3 95.0%. 'H NMR (400 MHz,
DMSO-dg) 0: 12.88 (s, 2H), 7.85 (d, J=8.5 Hz, 4H), 7.31
(d, J=8.1 Hz, 4H), 7.20 (d, J=8.3 Hz, 8H), 6.72 (s, 2H),
2.69~2.61 (m, 4H), 1.69~1.58 (m, 4H), 1.39~1.27 (m,
8H), 0.88 (t, J=6.9 Hz, 6H); “C NMR (176 MHz,
DMSO-ds) 0: 167.42, 146.48, 144.23, 142.90, 136.24,
130.65, 130.27, 130.07, 129.99, 128.97, 127.82, 127.28,
35.38, 31.51, 30.86, 22.42, 14.40; IR: 2932 (O—H), 1682
(C=0) cm™'; MS m/z: caled 586.3083, found 585.2983 [M
—HJ.

TPB-COOH-6: *% 94.8%. 'H NMR (400 MHz,
DMSO-d) d: 12.91 (s, 2H), 7.84 (d, J=8.4 Hz, 4H), 7.31
(d, J=8.0 Hz, 4H), 7.20 (d, J=7.5 Hz, 8H), 6.72 (s, 2H),

Acta Chim. Sinica 2022, 80, 282—290

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2.71~2.61 (m, 4H), 1.62 (d, J=8.2 Hz, 4H), 1.29 (d, J=
9.9 Hz, 12H), 0.86 (t, J=6.9 Hz, 6H); >C NMR (176
MHz, DMSO-ds) 6: 167.52, 146.33, 144.24, 142.87,
136.28, 130.66, 129.96, 128.97, 127.75, 127.22, 35.40,
35.10, 33.36, 31.54, 31.10, 28.85, 22.53, 22.38, 14.37,
14.28; IR: 2916 (O—H), 1680 (C=0) cm '; MS m/z:
calcd 614.3396, found 613.3297 [M—H] .
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