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Study on the properties of donor-acceptor type luminogens derived from
thieno[3,2-b]thiophene: fluorescence encoding for acid-base response

LIU Huimin, CHEN Bin"
( School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China )

Abstract: Stimuli-responsive fluorescent materials possess the characteristic that their fluorescence emission
changes with alterations in the external environment. They are widely applied in information anti-counterfeiting,
biological imaging, and fluorescence sensors, etc. Therefore, based on the electron-rich thieno[3,2-bJthiophene
(TT) core, by introducing pyridyl groups and triphenylamine with strong electron-donating ability as modifying
groups, a fluorescent material with donor-acceptor structure was designed and synthesized, and was applied in
acid-base responsive fluorescence coding. The synthesis of new molecules provides new molecular design ideas
for monitoring the intracellular tumor micro-acid-base environment, information anti-counterfeiting, and
fluorescence coding, among others.

Keywords: fused thiophene; thieno[3,2-b]thiophene; acid-base stimulus response; fluorescence coding
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D-A ) LR E LI IT, REWA SORTT 4>
THIReR = Ah, TT VR Vgt , Resh
R 4TI, T SC s PR TR,
I, TT fENZEITT R HAT AR 12 b e
SRR, RIS RRAK X TR BRI A5
Hh e O PR R SRR € S R — el 3k A
BRSNS AR, AU AL £
DOt T A IR R (pH ) 97A8{E
& A AR B> E R, ELA R e o A
A ) 3 B R A 5T A5 0 Th 5 AR E (R
Bl 107 35 (A1 Sk S BRI D) RE 3k S I A 2 AU 5 A
X — R SR A N I R RER], el
FE | MERE S R A S H AR 5 — IR AR S
Bl A SO (A B S AE T RBSE 1], X e T B JL ]
b F AN RN FRHR AT Hr st | Hooy 7240 2 e HE AT AR
b, SRS MRS GRS, i
SEE R AT o SRR, R N T
PENCMABHE pH ARIRES | I F IR RO T35
SR BB AN A, BT
TRRR SE LR fb 2 BT, X AR R BAF
fith . B DR NG S BT BR S L B A T
FE BT 28 DA, BR B N R A R
PRI REA R, 2 E R i HA
BT MR A U
HRIGC AT, S A BEM KA EEN ML &5
5 H A R S 2 RIS RS A, o DL
BB K ePERE . A SCLABEW} H[3,2-b]WE W) A 4%
Ly, SR N PR AN ELA 3 25 T RE T Y — RS
SEMSE AL, WA T IR TR R OB ERE,
FEH LI FH - BRI B 0 S G A o
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®2 LBETRAMMNEREE

FEA LIS
HAWHEE AC TR AR R B FE AL A PR ]
PELAS U HURAE R B FE AL AR AT B ]
TGRS &% Bruker 2\ ]
LA A AR dlatE A E R AR A TR )
PHEHHAX H X HORIBA /A #]
ket 2 AL i3 % AR A PR ]
SN ST e [ B FHSG A R A
RIS FNRAG IR i3 % AR A PR ]
I L s v AR A R
HE SR B ES s (B ARAH
HL T2 BT K TR (EaT)
AR H]
TM Q Exactive Plus™ FEBR KM R B FRA H

RS, fdie a3 W BERTEASERBT, K
F2E/ 2K (IRFREC R 8:1:1 ) TR S VETRIE AR
N, IERENAE 8~10h, FR N4 RIGA R
W, 7KK, IR A A IS,
fi I JC/K BRBR BE T 08, 38 el FE 28 TR B A L
W, AR Ty AR A, Wy —
St FIA TRH Pk A VR 5 VAT

(2) B 3 MENSFRIE: B
A RO RS BEAR], 132 Pn-TT-TPA
HEARAK, Pn-TT-TPAM [RI B, Xt HAR
FIEEI I TR IR EGE . B A BT A RAE
RAEBHEAN T PR

Pn-TT-TPA: 'H NMR ( 500 MHz, Chloroform-
d) 6860 (d, J=52Hz, 2H) , 7.68 (s, 1H) ,
7.52~7.48 (m, 4H) , 740 (s, 1H) , 7.31~7.27
(m, 4H) , 7.16~7.12 (m, 4H) , 7.10~7.05 (m,
4H ), C NMR( 125 MHz, CDCl; )d 149.03, 148.86,
148.30, 147.36, 143.24, 141.85, 140.87, 138.85,
129.56, 127.84, 126.87, 125.00, 123.66, 123.22,
119.83, 118.80, 114.41, HRMS (ESI) m/z: Calcd
for CaoHyN,S,: 460.1068; Found ( M+H' ) .
461.113 6,

Pn-TT-TPAM . 'H NMR( 500 MHz, Chloroform-
d) 68.60~8.57(m, 2H), 7.66(s, 1H), 7.51~7.48
(m, 2H) , 7.44~741 (m, 2H) , 735(s, 1H) ,
7.11~7.07(m, 4H ), 6.95~6.91(m, 2H ) , 6.88~6.83

(m, 4H) , 3.81 (s, 6H) ., "CNMR ( 125 MHz,
CDCly) 6 156.37, 150.20, 149.09, 148.71, 142.23,
141.34, 141.10, 140.44, 138.40, 127.05, 126.69,
126.05, 120.13, 119.67, 118.17, 114.94, 113.84,
55.63, HRMS (ESI) m/z: Calcd for C3HyN5S,0,:
520.1279; Found (M+H") : 521.1352,

(3) W 4 G SFRIE: Bai—H6
) Pn- TT-TPA 1 Pn-TT-TPAM 43 55 T4 10 mL
B, SRIESBEIMA 2mL i L, FHEZE
90 °C, #FEMEIVE 12 he RN, LT ZE
TR L ZREN, RN B iRal, Wotih
TENBE AR R AV R 1B
IP-TT- TPA KWLk} , IP-TT-TPAM N4 R4k}
Ko XF 2 AT WIS TRZ GRS |« e AN ot
TRRAE, FRAEEHRIT

[P-TT-TPA: 'HNMR (500 MHz, DMSO-ds )
5883 (d, J=65Hz, 2H) , 8.61 (s, 1H) , 8.29
(d, J=6.4Hz, 2H) , 794 (s, 1H) , 7.66 (d,
J=83Hz, 2H) , 7.36 (t, J=7.7Hz, 4H) , 7.13
(d, J=74Hz, 2H), 7.09(d, J=79Hz, 4H) ,
7.00(d, J=8.4Hz, 2H), 424 (s, 3H) . "C NMR
(125MHz, DMSO) 6 150.56, 148.09, 147.94,
146.51, 145.33, 145.03, 138.74, 137.13, 129.79,
128.91, 128.22, 126.97, 126.49, 124.00, 122.09,
121.32, 115.55, 46.78, HRMS (ESI) m/z: Calcd
for C30H»3N,S, " 475.1297; Found: 475.1293,

IP-TT-TPAM: 'H NMR ( 500 MHz, DMSO-d, )
58.81(d, J=6.6Hz, 2H) , 8.57 (s, 1H) , 8.26
(d, J=63Hz, 2H) , 7.84 (s, 1H) , 7.55 (d,
J=83Hz, 2H), 7.09 (d, J=8.5Hz, 4H) , 6.95
(d, J=85Hz, 4H), 6.77(d, J=8.3Hz, 2H) ,
423(s,3H),3.75(s, 6H) ., "CNMR (125MHz,
DMSO )6 156.31, 151.19, 149.22, 147.93, 145.23,
14521, 139.22, 138.33, 136.68, 127.34, 126.79,
124.88, 124.17, 121.17, 118.34, 115.11, 114.70,
5530, 46.72, HRMS ( ESI ) m/z: Calcd for

C3,H,7N,8,0,": 535.1508; Found: 535.1508.
2 eIBHR

2.1 Ak bReaRs itk
BT HAME S Y C BIE BT, # HAR Y%
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FHETWH (DMSO ) Hr, #EF7E40-1] WLk
RN A EIE R
W 2 Fr7R, Pn-TT-TPA il Pn-TT-TPAM #x K
WS 45 397 nm A1 408 nm, 5 E A FLETH
21F% 11 nm, WABESFHT AFARE,
12!&%5@&@%:%7“ R, B F BT BB 2
N, MM e R K & A 41%% . 5 Pn-TT-TPA
%ﬂ Pn-TT-TPAM A#ftt, IP-TT-TPA #1 IP-TT-TPAM
I RIS A A 218 69 nm A1 78 nm., L FH J5E
SIS TS5 TP BR324, A g o
YRGS, EEHE RN TR, R
T 8 A B KR e A B LT RS
T PTEIPAM

--- IP-TT-TPA
--= IP-TT-TPAM

%56 (a.u.)
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P /mm
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IP-TT-TPAM K45 51— 7T T IR U5 St it

DMSO F 56 (& 3) s, Po-TT-
TPA 1 Pn-TT-TPAM K HHEK4M 51K 542 nm F1
611 nm, Pn-TT-TPAM & 5} A E Pn-TT-TPA £1.
# 69nm, JREESHEIRNAAEM TR T
BRI K, SR, IP-TT-TPA & F1LJ5 i & 5t

— Pn-TT-TPA
— =-Pn-TT-TPAM
=== IP-TT-TPA
=-= IP-TT-TPAM

Pt (a.u.)

e 2.

1 1 1 1 1 1 1 ]
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K /nm
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IP-TT-TPAM 7£ DMSO & & PRI L & G i

Pk E] 757 nm, SEETLLANR ST, WEIAET

HArFW D-A Z5HITE BN T 0k A RIS A]
E’Jﬁ P2z, Eminl kKRR KL,

WK 4 Fis, FEZAFE Po-TT-TPA 5 Pn-TT-
TPAM 26 RS TLPAEA (532 | 537 nm), T
IP-TT-TPA K5I KK E] 706 nm, #EANTLZLAMNX
;1 IP-TT-TPAM RWELRN G LS, FE R
D-A Z5FFN 18] - AHEAE S8 T ROt
PR 4 B YIEAEDGIE T B nE 5 PR,

Pn-TT-TPA
3
)
:‘:i(
;__‘éj‘
#
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P K/nm
B 4 Pn-TT-TPA. Pn-TT-TPAM %0 IP-TT-TPA #y
Bl Y & B itk B
HYekT SLHMT
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g “ Pn-TT-TPAM

-

| h - IP_TT_TPA

B 5 44BHrrYERRTHEMMTTHERR
IeAbh, #E—2F58 T Po-TT-TPA . Pn-TT-TPAM
F1IP-TT-TPA 7ERAEE T W AT H. WNEl 6 AT E
i, Pn-TT-TPA 7E DMSO ¥ - & S H 542
nm, FfE KB 0%% #i e 30%, HA&
S RAEAR, HACREEWSS, X&m THER
R AERG I, F55 7 0 F NIRRT ( Twisted
Intramolecular Charge Transfer, TICT ), /> T 4>
TREHZE, JFERL TR ARRE . SR /KRR
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KT 40%0], 5K S50 I B REAL, LAy
FEHEW I NIPE S H 72 RES T ST Lo F 58 i
- AHEAER, BRI K . I 7 AT,
Pn-TT-TPAM TEZKIRFITECH 0%~30%0, A&7
FIRMERIIEA, KAE TICT R0, S300E 6o s,
550 BaG, KRR EGH — D4 2 50%8), S
553 B S 300, o (Mo i B I s IR G R R K AR
SRS G | & 0 R EE , ML g2 R, dEif
PEVEFR ST BT AR, AR e & SR . 1Y
KRB ECR T 50%)5 , WEW FFBEMME ALY - A
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BTSNz R A, 2 U I G 1) ELA i R 2R
SR HHAIEAE A n-n AHEAER . Pn-TT-TPA .
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PR IR B AZUNE 9 Frs . 2 3 WL E T 4 Fh
A PIR RO BESHL

e
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GEEE
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1351 == IP-TT-TPA
%ﬁ 1.05F . \
3 S~
S 0.75 X
T N
o 045f ‘ \-\
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1 Il [l 1 Il J
0 20 40 60 80 100

IRUNAY )
B9 3 fRAERRKEIRSE T BT S 4 5 #h &
( AR BT A RGR Y2 107 mol/L )

JElSmm 3 PN RS A
7 Pn-TT-TPAM ZEARRKERSETH
B K GHEE KRR SN R S B 1 5 W e AL A
£3 MEMEREELS

ey Aap/IT Aem/nm” Aen/nm > Aen/nm > &/(10* L (mol-cm) ™)
Pn-TT-TPA 305, 397 542 528 532 2.8451,6.1173
Pn-TT-TPAM 303, 408 611 570 537 1.8512,3.8100
IP-TT-TPA 306, 336, 466 757 734 706 2.4311,2.7621,5.768 6
IP-TT-TPAM 304, 345, 486 — — — 1.3640,1.923 2,3.7272

E: @ DMSO IR INFIERSTHA ;s @ 99% K WA Bh 5 A S s DA FISOERSTHIC; “—" FoRRm 2],
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G BACSE . R AL S T A R N
s, HAMRSAR . Pl BRVER RS M
DA SO0, AESCBrn A i HAA IR KW T o R
SR B S AL (R B IR I — O i, JF R
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AT R A ey 1o I
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( Photo-induced Electron Transfer, PET ) f#i43F5¢
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WP A BT HE ARG, e LA £
1k, i PET 2 BRI 2%, SC8 T 9K o Pn-TT-TPA
PR ] SE KR ZRIEIRAS, {H Pn-TT-TPAM
YNGR WIBEAT IS o 5 BL RIS, VAR PR in s
5 Pn-TT-TPA F Pn-TT-TPAM K 5TIELEDECIRE
JaREAH . 256 Pn-TT-TPA SEiil £ A Kki £,
FINAZRER, YA 2K, I H S50 FIE
RAERJT , o3 LK Mg FE A SR EE R Ak 13-
M, ERSEEFWEE, FEOOCRERIIEX,
WA ZRY, YRETFEPRE, SRR
I BT R, BRB AT AXT Pn-TT-TPA 7E/K
IRBE AR 5% ) I A 1 L R S K R AR W R AT
# (11 (a)), MHFEHT, B 11 (b) UiH] Po-
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PGSR AT RE . W 12 JRER TR,
KA Pn-TT-TPA [ THF #RAE A nfdaiakis,
HImAZFR e L, [FEPESEAF THE A EI%E
AL, SEEEERA, FE AL A SRR
VTR, SCELE R SR, PR AN TR DA S
SR G 13 FIE 14 FoRSeibatfE (1) 724
HNERITHRGTT, XSl B R vOLE S, HEE
TN 20247 F1 920257 BIMEE; (2) FERTAFLAF
JA 10 uL (6 mol/L ) ERFRVA, AH TR, 26t
Weoe ek, SRR (3) MTERT AL
JA 60 uL (6 mo/L) S AALEMIEIG , P NAT
RIPRAR , S8l 745 B, Wl Pl BScbuir, X
T R 1 1 2 S B S S 7 DA FIE B G Bt €5
BRBAE S IME S BRI

4 RE

B AL T LABERY I [3,2-b]WERY ( TT ) ML
B MLOER R, 1555 AR I A1 5 AR R Bl
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