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Synthesis of Pyrene-Cyclooctatetrathiophene Derivatives and Their
Behaviors of Photoluminescence

Yang, Yujie” Xu, Li*¢ Wang, Hua*’
ollege of Chemistry an emical Engineering, Henan University, Kaifeng, Henan
(“ Coll f Chemi, d Chemical Engi ing, H University, Kaifeng, H 475004)
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Abstract Cyclooctatetrathiophene (COTh) is a saddle-typed molecule with the interesting property of aggregation induced
emission (AIE) discovered recently. In this paper, pyrene was introduced to the framework of COTh as a luminescent group.
Three pyrene-COTh derivatives, mono-pyrene substituted COTh (Py-COTh), tetra-pyrene substituted COTh (4Py-COTh)
and tetra(tri(trimethylsilyl)cyclooctatetrathiophenyl)pyrene (12TMS-4COTh-Py) were designed and synthesized. Their
absorption spectra, fluorescene emission behaviors in solution, rigid state (77 K) and the aggregation state were explored. On
the one hand, with increasing pyrene group to the framework of COTh, the molecular conjugation of pyrene-COTh deriva-
tives, Py-COTh and 4Py-COTh changed slightly, but their emission intensity increased heavily with large red shift in both
dilute solution and aggregation state. On the other hand, with the increase of COTh group to the framework of pyrene, the
molecular conjugation of pyrene-COTh derivatives, Py-COTh and 12TMS-4COTh-Py changed significantly, and their emis-
sion intensity increased remarkably with large red shift in dilute solution. The relationship between the photophysical property
and molecular structure is remarkably exhibited in our case.

Keywords  cyclooctatetrathiophene; pyrene; synthesis of derivative; absorption spectrum; fluorescence spectrum;
aggregation induced emission; structure-activity relationship
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RIRE S SR E N, HAE R CERE T e B A
9T, T XFEMERE, NASCE &8 T =Fo
TR 0 R 2 O EE 38 )\ DU MEWy {b &4, B PR EE SR IE
J\ VU MgEW; (Py-COTh). DY EE L34 )\ DU BE Wy (4Py-COTh)
DL DU (= (= H RE 28 )- 26 )\ DY E iy ) BE (12TMS-
4COTh-Py). it H5X =L EWIOEPERAT A, FF
ARG AIEAT N, WHACEATI 7 F 25 1 2 70
VIERAT AR, 193] T —LH @ e I R 5+
T AR IR RLR R
1 ERSHE
1 HEMMER

HARL AR A& RS LI 1 R, DA H R
RIE T HIALE ) 4TMS-COTh! Dy rh(ajfd, FIFsRE =
ORI FEVEHL 25 4TMS-COTh 73 7 iy — A=
fik HE(TMS) 2 [ £ 3TMS-COTh™. 3TMS-COTh &/
B A, — 77 T 5 N AR SR (LDA) R
Wy b B0 F e AR i B T, B C,CLBr, X R &
(R B 7 88 13 AT ¥ K AR, A K Br-3TMS-COTh!'?.
HE 5w REM™RET Suwki 8B &N & K
Py-3TMS-COTh, )54 =M L2 T™MS &, 15
F|HFrtb &Y Py-COTh. B — 57T, il »-BuLi %
3TMS-COTh WEWyIE | o- B 7, AT RS 1 28 7 55
2- SN IE-4,4,55- V0 FE - 1,3, 2- SR SN 4ot S o i
2% R\ VY 8 Wy () B R Big (B-3TMS-COTh)™, L J5 5
1,3,6,8-VU R ECiE I Suzuki 18 BE & N A % H AR L&
12TMS-4COTh-Py. 1LA4%) 4TMS-COTh it N-JRAR
TR R (NBS)TE B B PR, TIRARAE D)
4Br-COTh"' 5 1-EEMIRRIE L Suzuki fHER S N 3575 H bR
tb &%) 4Py-COTh.

1.2
1.0-
12TMS-4COTh-Py
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s 4Py-COTh
S 0.6
@
2
2 041
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N \\¥
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Wavelength/nm

B 1 (L&Y Py-COTh. 4Py-COTh 5 12TMS-4COTh-Py £

V0 kg v SO B (e =1X 107 mol/L)

Figure 1 UV-vis absorption spectra of Py-COTh, 4Py-COTh
and 12TMS-4COTh-Py in tetrahydrofuran (THF) (c¢=1X 1073
mol/L)
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PLE=A BArfba Wit 7k aLa oK e oy
HE R (1 S e A T EAT T 45 1.
1.2 HEHRIIEMR
1.2.1 Bk

B 1 T = BARME AR S eT IR O R,
f55 280~300 nm [fI3F )\ PUBEN;(COTh) B 42 fr i)
55320~420 nm Y6 [F ¥ E6JE -5 AH I ME Wy B0 2 (0] g L HE R
I%; 5 Py-COTh 7£ 357 nm Kb USCIEAA EL, EEIEET &
BN, 1T 4Py-COTh FIHK I A R AT e i B KK
B, (HHIER(363 nm) AR T 6 nm, UiHHE NEERE
FRY 51 NS BEAS 43 1) L 0 RN 1) DT RR A PR AN K. 4Py-
COTh (PRSI 5 2 AH 24 T I9 4> Py-COTh I
W S Vg 5 P VT IR, 3R — I 2 R B )\ DY I3 &5 44 BT
H 5 (1158 S0 )7 05 v 2 (1P SR7f 12TMS-4CO-
Th-Py I H R 02 SR 2088, d R i
7£ 458 nm Ab, 5 Py-COTh 7£ 357 nm &b IS I4 A HE
ZILF% 7 101 nm, UEEAE NS BT A1 U AN 34 )\ 0 i
Wy B G 5 H0 EE SR T AR LT I 3ERE, JR)E T DOP IR
s RRIN B i SNBSS TR ANTTR 5 L L L L DAL DN
JEE .
122 RHAK#E

K 2 4H THh&Y Py-COTh, 4Py-COTh 5 12
TMS-4COTh-Py 7£ VY S Wk T % iR (K] 2a)F1 77 K(&]
2b) A RIS E. M EIR PO LLE H, Py-COTh
7E 400~480 nm U [ & LB S5 1972k, 4Py-COTh B
TR TR A, AR KT BRI R
), WENIAE 573 nm. HAROEH A A 1.34 ns, BEIZEON
RN, MAREBE. T 4Py-COTh 4 145 ¥ 17 1E
PUANEEEE, T2 SO P MEAR AP 2R 141, 5 4R 0% () e
Wy IR 2 [0 2P RP, XaE & T — T H S
LBEVERAT, 7 — TR N AT RETE B 78] )2
BRIEE 2 & W (AR ELAE T, AT 72 AR A i K B R B
12TMS-4COTh-Py [1] & JEIERIE 523 nm, S ML
Jeig ] DUE H, 0T B A BRI T B IREE R
N, fHEHT COTh $yoi)dEF ik, 5 e P4
COTh Ht& H A=A TMS KRALFHIER], iz
FHEBRES N T EEAELESWHEER, 5
4Py-COTh 731 1) K647 NAHEL, 12TMS-4COTh-CO-
Th RIVEPRA OGRS, LI H 7+ H 5RO
FRHE. 5 COTh MK NRESI(CRME T =% 0.4%)HH
el Py-COTh. 4Py-COTh 5 12TMS-4COTh-Py 7£
DY SR R PR 5 17 3 30 0 0.8%. 1.8% 5 10.0%
(F 1), UHEEEERS] N RIS T 2> T 1RO Ok RE

VREG SR TUR IS T ROUAT N BARIRES, BOAAE
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Scheme 1  Synthetic route to pyrene-COTh derivatives
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SR ¢

Table 1 Spectroscopic data for Py-COTh, 4Py-COTh and
12TMS-4COTh-Py

PLRT PL 77K AIE
* /0,
Compd. Agp/NM Aen/nm QY*/% 1t/ns Ao/ Aon/nm
COTh-Py 357 432 0.8 1.75 488 515
4Py-COTh 363 573 1.8 134 498 542

12TMS-4COTh-Py 458 523 10.0 0.89 504 520
“Relative fluorescence quantum yield (QY) determined by quinine sulfate (in
1 molsL ™! H,S0y,) as a reference (QY = 0.55)!".

WREERT, A FREMEsh. 7 F W IRIRsh LA T
BN FAE R R, 2 FhARSE 5 <00 42 pl d
i, 2R G OR LI R ORNR B BG n, R AR A Ok
VAT EEFRS. B 2b A H T 77 K &4 ML ERI9et
HiE, AEFERFEAAT N, ZHBR T BRI
KA KA, 1E 450~570 nm JEHE R H I T K
WK kA, Ho, Py-COTh 43 7 K5 T WA AF
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488 nm W5 FHLHIR R K. BT R TR
BAEH . WHIMAER, el 220 )\ DU By i 4k R R 4%
o FR B R S BRI T 4> Bh A L PN 1 T K, 4Py-
COTh 731 H & i & G R [ 5 7% 28 498 nm. 1M 4
T ILHERE N F 3 12TMS-4COTh-Py 7)1 K GIEAL 15
& 504 nm, KYHEIE IR —ERRBL5 (534 nm
IR ). =FMAOLENGEE DSENMsTFE S
(L HERE B A — 2L
1.2.3 AIE & XX

A% 7 Py-COTh.4Py-COTh 5 12TMS-4CO-
ThPy fEPYE MR -—/K otk 21 ALE PR, KIN
Py-COTh 5 4Py-COTh EILH R EM AIE ik,
12TMS-4COTh-Py % HERHHEM AIE WA,
Py-COTh 5 4Py-COTh 7 F R~FAR[E, 47K IR 5
KT 70%HF, BT B AKE R &R 7 REN, Py-
COTh 7£ 515 nm 4RI B E K AIE ROHsME; Mk
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Figure 2 Photoluminence (PL) spectra of Py-COTh, 4Py-
COTh and 12TMS- 4COTh-Py in THF at room temperature (a)
and 77 K (b) normalized spectra (¢=1X10"> mol/L, 1,,=380
nm)
BT HON 90%I, AIE HIAOGHREE K (& 3). 707 R
BUK ) 4Py-COTh 71~ B A B sm gk A . ARAR 7KL
N 40%Inf, BRI AIE ROCILS, KOGUERL A 542 nm.
SRR HON T0%IN, ATE (R4 065 Pl i 31 e R AB (K
4).

Py-COTh 5 4Py-COTh &I ) AIE MR 5501
) S SRR UIAR G, o T P R 4 i BE R 1A H)
FAAE, 701 SRERIN BERE A 22 1] ) - AH ELAE I PT BAIN
ST 1A ) SRR A, RN A )\ DY WE Wy 2 A A7 AE 5
HI 8-S, S-m LK mm AHELAR BT, SRR R
RRWERELLR . 5PN PSR AR I 2 S M K
SHIEZE 480 nm AHEE!S, 515 nm [ AIE KGR BoR T
BWORE T T RIEGN OGS ER 8L AN
BL1) 4Py-COTh 1E7p 1 JEERT, 731 [8] (AR AT H
58, o AIE AROGsREERE N, KOG HE A 573 nm
W R IESN 542 nm. W] RS FIAGAE IR IR TH
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Figure 3 (A) PL spectra of Py-COTh in THF/water mixtures
with different water fractions (¢c=1X10"> mol/L, 1, =380 nm),
and (B) the changes of PL peak intensities at 515 nm versus the
water fraction in the THF/water mixtures

Inset: Fluorescence photographs under the illumination of a UV lamp
(365 nm)
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Figure 4 (A) PL spectra of 4Py-COTh in THF/water mixtures
with different water fractions (¢=1X10"> mol/L, 1, =380 nm),
and the changes of PL peak intensities at 542 nm versus the water
fraction in the THF/water mixtures
Inset: Fluorescence photographs under the illumination of a UV
lamp (365 nm)
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FEAT N, BT 5N B AT DL 2 4 58 4y -
IR IGRE ). —J7 T, COTh 7> T 48 FEsEseE 1
Bt 431 LB L AL/, 40 Py-COTh 5 4Py-
COTh #HLL, WA LA K, (R IAT i RE e
FHCE GG sR, HOROGIEA RELAR, Hd AIE K
JGRE IR NRIG 58, I L 05 BB EE RN Bk
RN, 5T, R4 COTh 5 150 34 i vy
PAXE 73 F- B0 25 B s i K. 4 Py-COTh 5 12TMS-
4COTh-Py L, J5# HIRIOEIE RS 2%, KT
B COTh JEHIEEN M w548, RIHEEN
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Figure 5 (A) PL spectra of 12TMS-4COTh-Py in THF/water
mixtures with different water fractions (¢=1X107> mol/L, Ao, =
380 nm), and (B) the changes of PL peak intensities at 520 nm
versus the water fraction in the THF/water mixtures

Inset: Fluorescence photographs under the illumination of a UV
lamp (365 nm).
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Bruker-AXS, Bruker), &% &0 2 (X (TX4-100).

ST 1-EEIER . DO(= R BT, 1,3,6,8-VUR
K B 2 7 77 . 4TMS-COTh!'", 3TMS-COTh!,
Br-3TMS-COTh!"?, 4Br-COTh"), B-3TMS-COTh""#%
R SCHR 7 k) 4%

3.2 1£&14 Py-COTh, 4Py-COTh #1 12TMS-4COTh-
Py BI& A
3.2.1 444 Py-3TMS-COTh 94 5%,

% Br-3TMS-COTh (1202 mg, 0.18 mmol, 1.0
equiv.). 1-FEMIIR(55.7 mg, 0.23 mmol,1.3 equiv.)s JE/K
WA (62.2 mg, 0.45 mmol, 2.5 equiv.)FIPU(= )
H9(13.2 mg, 0.009 mmol, 0.2 equiv.)JIA 50 mL Schlenk
. SRR, A VYA (20 mL)FIG A K (2
mL), 85 Ciii s RPLS R ok ke |l B 7,
FIBE(10 mL X 3)ZEHL, Z&1E/K (30 mL)Peik, AHUHET
IKIRBREE T4, 8. e 28 )5 M S & i A JZE AT [300~
400 HEERR, WRBEF: VO mEE) @ & T ) =17 1],
FH=A P E-HEEW  v=1 )BT EL W, FEE
B [EH K Py-3TMS-COTh 117.9 mg, /=% 82.1%. m.p.
290~292 °C; 'H NMR (400 MHz, CDCl) d: 8.68 (d, J=
9.2 Hz, 1H), 8.22~8.18 (m, 3H), 8.14 (s, 1H), 8.12 (s,
1H), 8.10 (s, 1H), 8.09 (s, 1H), 8.07~7.99 (m, 1H), 7.31
(s, 1H), 7.15 (s, 1H), 7.13 (s, 1H), 0.38 (s, 9H), 0.37 (s,
9H), 0.32 (s, 9H); *C NMR (100 MHz, CDCl5) ¢: 143.91,
142.80, 142.76, 142.73, 138.20, 137.99, 137.87, 137.56,
137.54, 137.54, 137.49, 137.07, 136.93, 136.63, 133.24,
131.56, 131.24, 131.07, 130.86, 129.21, 128.85, 128.21,
128.01, 127.43, 126.29, 125.52, 125.24, 125.22, 125.12,
124.88, 124.81, 100.08, 0.01, —0.01, —0.07; IR (KBr) v:
2858, 838 cm '. HRMS (ESI) calcd for C4HyS,Sis
745.1393, found 745.1393.

3.22 4448 Py-COTh 94 m%

¥ Py-3TMS-COTh (117.9 mg, 0.16 mmol, 1.0
equiv.)JBA 100 mL [BJEFHH, A= H%E(15 mL)
fii 2 SEAER, PROERCHE SN CF;COOH (1.0 mL, i
i), MEOREIRER N, RNMZ) 0.5 h 4. MGInA
PRI PR S AR K s B s, & BE(20 mL X
3)EEL, TKBRIREET I, il e 5 fM &
JEHT[300~400 HEER, WhEeil: VOamEE) @ A
Fe)y=7 1], BH=ZEHHE-FEW V=1 47
B, 3K75 3% (& 4K Py-COTh 80.5 mg, % 96.3%. m.p.
235~237 °C; '"H NMR (400 MHz, CDCl5) 6: 8.65 (d, J=
8 Hz, 1H), 8.24~8.16 (m, 3H), 8.16~8.07 (m, 4H),
8.07~7.99 (m, 1H), 7.48~7.39 (m, 3H), 7.27 (s, 1H),

7.07 (d, J=9.2 Hz, 1H), 7.06~6.99 (m, 2H); *C NMR
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(100 MHz, CDCly) o: 136.64, 131.42, 131.17, 130.48,
130.08, 130.00, 128.90, 128.76, 128.15, 128.08, 127.95,
127.30, 127.23, 126.20, 125.45, 125.17, 125.07, 124.89,
124.73, 124.68; IR (KBr) v: 2924, 2853, 841 cm'. HRMS
(EI") caled for C3,H S, 528.0135, found 528.0133.

3.2.3 {447 4Py-COTh #94-5%

¥ 4Br-COTh (60.0 mg, 0.093 mmol, 1.0 equiv.)~ 1-
EERIZ(114.4 mg, 0.465 mmol, 5.0 equiv.). Jo/KBRERET
(38.4 mg, 0.279 mmol, 3 equiv.)FIPY (=KL (27.2
mg, 0.0186 mmol, 0.2 equiv.)IA 100 mL Schlenk .
SARY T FE I DY AL (30 mL)FE A /K (3 mL).
¥ Schlenk KIEAE 90 CiMiBH Mt R, I8 e 7%
RBIEF, “E (10 mL X 3)AHL, #M8K(30 mL)¥E
B, A2 To KBBR8 1, e 2534 77 J5 45 2R o
A VoA @ MC&E R =8 | 1 #H7 R AL,
A (0 [F 1A 4Py-COTh 86.2 mg, /7% 81.9%. m.p.>
300 ‘C; '"H NMR (400 MHz, CDCl;) d: 8.82 (d, J=9.6
Hz, 1H), 8.25 (s, 1H), 8.23~8.17 (m, 1H), 8.12 (d, J=2.4
Hz, 1H), 8.03 (t, J=7.6 Hz, 1H), 7.54 (s, 1H); IR (KBr) v:
3444, 3037, 839 cm . HRMS (EI") caled for CsoHyoSs
1128.2013, found 1128.2034.

3.2.4 &4 12TMS-4COTh-Py &4 5%,

# B-3TMS-COTh (233.2 mg, 0.37 mmol, 4.5
equiv.)s 1,3,6,8-VU¥R EE(40 mg, 0.08 mmol, 1.0 equiv.)s &
JKERIRER(33.2 mg, 0.24 mmol, 3 equiv.)FPU(=ZKFE )
#1(23.4 mg, 0.016 mmol, 0.2 equiv.)JI A\ 100 mL Schlenk
. AR T BNV ZE I (40 mL) AT K (S
mL). 4 Schlenk KFHHTE 100 CihigH RPIER. k
JEWEZE S BT, & HE(1S mL X 3)AEHL, 18K (30
mL)¥E, A VAHE KRR EE T8, 275152
FH . R A - S (VL =11 )T R
PEHL, FRAGECAE K 12TMS-4COTh-Py 150.5 mg, 7#
# 81.5%. m.p.>300 C; '"H NMR (400 MHz, CDCl;) ¢:
8.76~8.72 (m, 4H), 8.30 (s, 1H), 8.28 (t, J=2.4 Hz, 1H),
7.37~7.28 (m, 4H), 7.16~7.06 (m, 12H), 0.40~0.26 (m,
108H). HRMS (EI") caled for CygyHy0Ss 2374.2960, found
2373.2866.

4 Bh #4 #} (Supporting Information) Py-COTh, Py-
3TMS-COTh, 4Py-COTh, 12TMS-4COTh-Py ] 'H
NMR, C NMR, HRMS, IR i &, X EstpR T DL 2%
AT 3k (http://sioc-journal.cn/)_F N %K.
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