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Abstract: A series of bisthiophene derivatives were synthesized by Suzuki coupling reaction, in
which bromine atoms on bisthiophene raw materials were substituted with different groups: 3-(5'-
bromo-[ 2 ,2-bisthiophene ] -5-yl) pyridine ( C,; H,BrNS,, M, =322. 24, compound Dt-1), 5,5-bis
(pyridine-3) -yl ) -2 ,2-bisthiophene ( C,{H,N,S,, M, =320.43, compound Dt-2), 5-(3,5-bis ( tri-
fluoromethyl ) phenyl) -2 ,2-bisthiophene (C (HF,S,, M, =378.35, compound Dt-3), 5,5-bis(3,
4 ,5-trifluoro-phenyl ) -2 ,2-bithiophene ( C, H F,S,, M, =426.39, compound Di-4). The structures

were characterized by infrared spectroscopy ( IR), mass spectrometry ( MS), nuclear magnetic
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resonance spectroscopy (' H NMR) and single crystal X-ray diffraction. The luminescence properties

were studied by UV-Vis absorption spectroscopy and fluorescence spectroscopy. The results showed

that compound Dt-1 had strong fluorescence emission ranging from 390 nm to 470 nm under the exci-

tation light of 349 nm in CH,CIl, solution, and the two largest emission peaks are 403 nm and 422

nm, respectively. Compound Dt-2 showed strong fluorescence emission in the 400 —480 nm region

under the excitation light of 372 nm with two maximum emission peaks at 430 nm and 440 nm. Com-

pound Dt-3 exhibited the strongest fluorescence emission at 418 nm under excitation light of 350 nm

and compound Dt-4 presented the strongest fluorescence emission at 436 nm under 371 nm excitation

light. Due to the introduction of electron-withdrawing/donating groups in the conjugated structure of

bisthiophene , the mobility and conjugation degree of  electrons are increased, and the intermolecu-

lar interaction force is enhanced. Energy loss caused by vibration relaxation phenomenon and Stokes

shift leads to the shifts of the maximum absorption peaks to the long wave direction.

Key words: bisthiophene derivative; synthesis; crystal structures; spectral properties
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1947 48 G HLEOE A (OLEDs ) AN =
#4% (Ching W. Tang) 7ESH 2 P R B, #AE
SRy T 285 300 7 g R T 285 B A e U R R A
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Wy BT ARy — Rl oy TG0, BRI /Y
JCHPERE MR A DL SRR B 282 W H]
FTAHPEIE W4 ( Organic light emitting diodes,
OLEDs) \ﬁdﬂﬁﬁﬁ&JAS%( Organic thin film tran-
sistors, OTFTs) LA KA HLK FHfE L i ( Organic solar
cells,0SCs ) S 2GR T, HEWR AT A= —
e« B AME S, AT DI UG B G Ha b
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ARSGEISTERVE I 5 A7 E53 55 AR [FY A&
JCHEEAG 3 T 4 T B 1) XUBE W A5 A2 ) . 3- (57-1R-
[2,2-RUBE Wy -5-58 ) Atk BE (Dt-1) |5, 5-80 (Mt IE-3-
H£)-2,2-BUBEMY (Dr-2) \5-(3,5-X0( =3 3% ) 3k
r-2,2-XUBEW (Dt-3) \5,5-X(3,4,5- = A IE) 2,2-
KUY (D) . fEHIBGE (MS) (ZLAMETE (TIR) %
AR EGE(TH NMR) FIERL Y X A S S5 A6y
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2.1 EIWMUFESHHE

{8 ] Nicolet FT-IR 460 BI£T 4N %A% ( 35 H
Nicolet 28 7] ) , 7E &= i T 12 5% KBr J& 5 19 FT-IR
Y61 s K A5 8 Bruker Avance 400 B#% g4
WA (FE ] Bruker 23] ) MR g LR S0
VA TAR S A F L AR ( DMSO) |, P g H
FERERE(TMS) S N AR, WL A % 15 A 400 MHz;
i 5 solanX 70 FT-MS & 43 3 ot i A% A ESI,
APCI Maldi 4815, FT-IR-MS #2810 5% i 1%
Bl ;i UV-2501PC B9 48 7h-n] DG 1A ( H AR
HE A E]) FF-4600 56T ( H A H LA
) X b R 2 P TR A T I R

SIS REORE. S, 5T TR-2, 2- R0 E Wy | 3-tk I i
R (3,5-3( = H L) R 5L ) illie 3,4 ,5-— A&
BIPR | 43 B4l ; BEBR AR (Pd (Ac), ) DU ( =235
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i, AT 4l K, CO,  MgSO, . H 2K | 25 A7 T it
CH,Cl, \ &R LR R o3t 2l
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MBI AR I A 5, 5- 782, 2-3UBEW} (1. 0
mmol) | F5 FE M 2 (2. 5 mmol ) . Pd ( PPh, ) ,/Pd-
(Ac),(0.03 mmol) FIKFELER (8.0 mmol) ,18 mL
289 mL 9 Z B 3 mL ZRIRK, 78 /AR
PR T80 C IR AL 2 d, W58 B H G 43
W, CH,CL, AE R 2 ORI HEAT 26 I, Z J5 4 A L
G TE, AT E R K 22 BRI RS, O AR
BET R — 1, T DR T4 0] | T R AR R
Yy S0 J5 Y638 e e R R A T AL 23 e Al 2
A7 W U T e 25 R ASUT 1 V5 50, 74 3 T4 R AR
FHEE AN 1 AN [R] U EE R S 1 7 38
AIFEM LR 1,

&) De-1: s L E A8 K " H NMR (400
MHz, Chloroform-d) 6:8. 89 ~8.84(m,1H) ,8.53
(d,J=4.8 Hz,1H) ,7.85(d,J=7.6 Hz,1H),
7.33(d,J=8.1,4.7 Hz,1H),7.27(d,J=3.8
Hz,2H),7.11(d,J =3.9 Hz,1H),7.01~6.95
(m,2H) ; IR(KBr »/em ™) : 476 (m),619 (m),
790(w),1 075(w) ,1 400(m) ,1 620(m),1 638

I\

SBr
s (U

4+  ArB(OH),

1: Ri=Br, R;=3-C;HsN
3: Ri=H, R;=3,5-CF;CeHs

K,CO;, [Pd]
Toluene/EtOH/H,0

(m),2030(w),3234(m),3 410(s),3478(m) ,3 552
(m) em™'; HR-MS(ESI): Caled. For C, HgBrNS,
[M+H] " 321.928 65,found: 323.933 46,

L&) De2: Fe s @ FE AR AR H NMR (400
MHz, Chloroform-d) &6: 8.89(d,J=1.7 Hz,1H),
8.66 ~8.41 (m,1H),7.87(dt,J=7.9,1.7 Hz,
1H),7.37 ~7.29(m,2H),7.23(d,J = 3. 8 Hz,
1H) ; IR(KBr »/em ™) : 619(m) 793 (w) ,1 080(w) ,
1400(m),1 620(m),3 230(m),3 420(s) em™';
HR-MS ( ESI) ; Caled. For € H,N,S,[M +H] "
321.044 74 ,found . 321.051 99,

e 9 D-3: FA T R K) AR 'H NMR (400
MHz, Chloroform-d) & 8.00(d,J=20.0 Hz,3H) ,
7.76(s,1H) ,7.36(d,J =3.9 Hz,1H),7.31 ~7.22
(m,3H),7.20(d,J =3.8 Hz,1H),7. 06 (1, ] =
4.4 Hz,1H); IR(KBr v/em™"): 623 (m), 804
(m),897(m) .1 130(m),1270(m),1 400(m),
1620(m) .3 120(m) 3 410(s) em™'; HR-MS(ESI) ;
Caled. For C,(HyFS,[M +H] " :377.997 71 ,found ;

I \_ S_R
R s \ /

2: Ri=3-CsHsN, R,=3-CsHsN
4: Ri=3.4,5-FCeHs, R,=3.4,5-FC¢Hs

K1 RUSEBMATTAE M5 IS 2k
Fig. 1  Synthesis of bisthiophene derivatives
®1 WEMTENRARBERTE
Tab.1 Synthesis route and yield of bisthiophene derivatives
Yield/%
Entry Ar-B(OH), Product
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CF;
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LAY D4 R A E AR R ' H NMR (400
MHz, Chloroform-d) &6: 7.20(s,1H),7.16(q,J =
3.8 Hz,7H); IR (KBr v/em™'): 432 (w),613
(m),746 (w),794 (w),1 044 (w),1 163 (w),
1 400(m),1510(w),1539(w),3 181(m),3 448
(m) em™'; HR-MS ( ESI) : Caled. For C,, HF,S,
[M+H]*:425.997 71 found:421. 121 43,

2.3 @SS
2.3.1 A4ba4h Di-1 89 SR 4 X,

G De-1 St HITR G A, BT PR R0 R
EtOH: PET = 1: 1 (AL , FEIRHEE 5 d J5, 551
GRS W BT 2 A O B AT i 5
FOBE (BT e RSF R/ R 0,26 mm x 0. 24
mm x0. 18 mm [ 5L S IEAT 58 X SR AT I ik,
TERUE 296(2) K &40 T, i A st g i il
f) Mo-Kae(A =0.071 073 nm) ¥, LA o Fl  $33H )72
TE2.77°<60<27.63°, X[AICAEE] 32 640 T AL
it , P2 844l AT L (Rint =0.060 3) ,2 162
AT [ 1> 20 (1) 1™ 385 B R AR 20
4544 1 (SHELXS-97" 1) il SHELXL-97""* # /5 H )
PO S8 45 S 2 e e S G A 1] ki bri w7 PO D)
FHARER T AR T 45 ) S A 1S, IR 5 1A SRR
RS T T SR AR
2.3.2  Abdh Di-2 84 Sh Rk AR,

SISy AR At AR LR 1 1TR A
#50) EtOH A1 CH, Cl, 5820, T T Fah e
P9 d AT BN, XhE G RS I i
17 X LA, A5G Di-1 A,
2.3.3 AuA4h Dt-3 B9 S Ak £k M) ix

4l i EtOH Al CH,CL, (2: 1,0/0) i, E il
TR R .9 d RS AT H
TN 37 Y B T R X S R AT S SORT
RSFA/NR0.16 mm x0. 12 mm x 0. 10 mm A8
s AT AR, DT vk SR T S5k
A% Dt-1 A,

2.3.4 AuAih Dr4 b S Ak £ M) ix

SIS 43 B il 45 1 267 i EtOH Fi PET
(1:1,0/0) (IRA TR TP AR, 200 T #ie, il
NGNS R 3 d S BT 45 5, R A AR
FRR B B . IR/ 0. 12 mm x 0. 10 mm x
0.08 mm FY @i ARIEAT B0 5 X SFHER AT S S0, ffF
PRI T B S A ARG T 2k [ AL A9 Di-1

EA9) Dr-1 383 LB R H Y AL GE & 4
T TR 8 AR A3 T AR A5 b 40 %) R T SR 5 9
Hei TR, DRIRZE TAE S ARy Ik, 78
WA 0.05 mol/L MBRIRIE W , oo e it 77
7 0.55, EPRAETEN 1 nm WRIHESEFE A 10
mm [ EPF T 2EAT LA 0] WSO T4 10 SR
AR, T LIZ AR T I 349 nm 1B
M IE R I (18 AU PO T8 e N e S e B 55
5 nm, JEHAE G HLR R 900 V, F 4 B 240
nm/min) , & S 55 200 ~ 600 nm
A G P o A o 00 0 SR B BB R
FERIRE 2 F A LR ERAE, eSS EdE It
HRAE A2 (1) TR AR AT R I AR & 9 98O 1
RUTET,

F. A

CPU:Q)SXF—XA—‘, (1)

o @, RFREAE S PR R, D bRk
YIRI G T =3, F, RIS 5 B 43 5
TR, F, s P i i AL o 98 ST AR, A, A
FES A ER O E R, A, bR EY A SR
W REAA

2.5 LED s#&HHI&

ARSI R R £ 1Y 4 R A 7E A 4
LED #RF 568y, 76 B F K7 b FREBGE 24 i
LAY IRA SR A B3R 2 min J5 0
A B, H A BB I =0.2:0.8(EEIL),Z
JEHEHD RS LS | A S A48 LED #R

3 4R LG

3.1 EREHITE

FEXTLALE 4 Fiib B9, BATIH 52 T A R L
X 5,5-R-2, 2-RUE Wy 55 5 B IR {1 15K s Ny 45
g, IR T LIE SR N R R 35 C
iF, L4 Di-1 Fil D2 B97F= R A%, Y50 iR
JEEF) 80 °C I, Dt-1 M1 Dt-2 By /™= W] Bt .
S52Z M, A6AY) D3 18 35 °C I B P2 R i
T80 C, XJ&m T TR IR LAY = 5650 H 1
LR R 5 [ Pd ] PR 25 4, (R A AR 35K S5 i
S 1R PR 5 B T 2 st i) o 4 23 o i il 52 vz )
AL, S B REEAR . AL E Y D4 B RN R
JFEXT BN 73 J LT TR
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3.2 miEEH
3.2.1 Abb4h Di-1 9 bk 44
LSRR IR 2 FToR, fBA W Di-l 7E
O3 FE5H L WEMY I 5 Nk g S AE ST T, AH SRR
AT HEEW R 2Z (B B BE B 248 0. 37 nm; ML IE
W LIRS Z AL R WERY BRI i) S = ] 1Y) il R
B40.28 nm, LAY Di-1 1) AR i A% A 7
) 3-(5'-1R-[2,2-XUEEW) ] -5-38 ) Mk e 4> T HA o0 TE
B o awee e FVEBE AR BRI R il = 4 R
ghy, TR T 43— PRI 43 () 19 fL oy 4% g
(E2(b))™ k&% D1 i SR8 8 5 T
F2r,

I S et

2.8
3.7 ': Bl NI «H7
K2 (a)fba® Dl M5 FEHAIT; (b))l weeem K
AR TR A 25 (] 254
(a)Molecular structure of Dt-1. (b)View of 3D structure
through -+ and hydrogen bond interactions of Dt-1.

Fig. 2

x2 AEVMHREFHIRE
Tab.2 Crystallographic data of compounds

Complex  Formula F, /K Cryst syst Space group a/nm b/nm ¢/nm
Dt-1 Ci3HgBrNS,  322.23 296(2) Orthorhombic Pbca 1.468 64(6) 0.600 96(2) 2.774 52(10)
D2 CueH,N,S, 32043 273(2) Monoclinic P2(1)/n 1.09994(10)  0.57419(5)  1.17721(11)
Dt-3 CigHglgS,  378.34 273(2) Orthorhombic Pna2(1) 0.799 79(3)  3.407 48(17) 0.57309(2)
D4 CoHgFeS, 42638  273(2) Monoclinic P2(1)/n 0.78110(5) 1.08373(6)  1.018 40(6)
Complex  a/(°) B/(°) v/(°) V/nm’ A F(000) D/(grem™)  p/mm”!
Dt-1 90. 000 90. 000 90.000 2.448 77(16) 8 1 280.00 1.748 3.671
Dt-2 90. 00 103.202(3) 90. 00 0.723 85(11) 4 332.0 1.470 0.364
Dt-3 90. 000 90. 000 90. 000 1.561 82(11) 4 760 1.609 0.400
Di4 90.00 94.838(2) 90.00 0.859 01(9) 2 428.00 1.648 0.374
Complex Cryst size/ 0 range/ Reflns collected,  Indep R,/wR, R,/wR, COF
(mm X mm X mm) (°) R;, reflens  (I>20(1)) (all data)
Dt-1 0.26 x0.24 x0.18 2.77 ~27.63 32 640, 0.054 0 2844 0.034 9/0.076 6 0.055 3/0.084 6 1.034
Dt-2 0.20 x0.16 x0.10 2.88 ~27.57 7191, 0.027 8 1670  0.034 9/0.097 6 0.047 0/0.104 3 1.046
Dt-3 0.16 x0.12 x0.10 1.20 ~27.54 13 029, 0.034 1 3442  0.066 3/0.182 4 0.090 9/0.200 6 1.050
Di4 0.12 x0.10 x0.08 2.62 ~27.53 13 169, 0.023 1 1964 0.0319/0.096 6 0.039 7/0.114 2 1.161
3.2.2 Aubdh Dr2 49 Sh ks M (@)
2 X AT il LS D2 2
THILHIRTTUNIE 3 (a) Fi7n, P WEY BRILF
A4 0.0°) ,5 i 1 BTN BERF 57 2 37y
AU 1% 5F 7 1 O, 3 FLJL P 5 BE Wy B4 1 R
(T 5.8°) . LA D2 12 ] HE 3 i§;§;:§:::f9
390 H

(B 3(b)) 2 RUZZEEHES, B2 5 W2 Z [H 1
AR 52,90, MERE AR T 5 Z AR AR S5 BT
e b A SR T 2 AR ES R 0. 337 nm; JZ 1A
M IE PR 22 6] ) e /NIE B 29 0,339 nm, R iR2E
Bl L2k 2,

N337G
K3 (a)fb® D2 (5 T 45 B5T; (b)) B w22
LU AT BN = 4S5
Fig.3  (a)Molecular structure of Dt-2. (b)View of 3D structure

through -+ and hydrogen bond interactions of Dt-2.



814 K St

¥R 4B

3.2.3 Auhdh Di3 4 ks A

U X SR AT ST AT R fE B D3 db
25 F BT AN B 4 (a) Frs. PR S E Wy 3R
S(1)—C(1)—C(2)—C(3)—C(4)F S(2)—
C(5)—C(6)—C(7)—C(8) Z M AEAEE /N T
(IR 5.4°),5 AL B —AN Mg 5 2 i
AT FAVENS A2 [RIIE B— E F I i ( TR R 21.3°)
TERN R — AR B 22, &Y D3 Y
23 A HERRL (B 4 (b)) 2 Z R EEHES, W)= 5 3L
22 8] i T A R 56. 8°, R T 5 2 M AR 45
AT L BE P b A AR TR Y SR BE S R
0.286 1 nm; 43+ P9+ 5 283 1Y &+ Z [1]
IFE M 0.255 9 nm, FHSCIARAESEOLE 2,

K4 (a)fbB¥ D3 13 TEHBTT; (b) S,
Fig.4 (a)Molecular structure of Dt-3. (b) Hydrogen bond

interactions of Dt-3.

3.2.4 4ibidh Di4d oy Shik M
A X BT BRI A Y D4 S SS
(a)

b) "#’{f:"

© #2760

ﬁff’/f 2

E5 (a)fbBW D4 5y FEERBRIT; (b)) mee-m K
ZUE T MU = 445
Fig.5 (a)Molecular structure of Dt-4. (b) View of 3D structure

through -7 and hydrogen bond interactions of Dt-4.

FEATCANEE 5 (a) Fros . PN WEWY I8 22 (] 27 1
(8 0.0°) ,5 7 I BB B 38R0 R R 40 A
TERUSE MY -] () W, 5 FL LT 5 By BRBE A S
P ( AN 6.2°) , LAWY Di4 (145 [E] HE
U S(b)) R AUZSSHEHED , BUZ Z 8] 1) T
fR 87. 8°, R T 5 Z AHAR L5 M PR IC AR IR 1Y
SR TZEAIEE N 0.271 4 nm, R T 5 H46
SEAN AT [ BEWY BRI 1) SR 22 [R] (0 BE 25 40 1A
0.287 9 nm #10.276 0 nm, AHKAHARFASHOLE 2,
3.3 hEEidse
3.3.1  FSh-T WSOk Ok ik
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Fig. 6 UV-Vis absorption spectra of compounds. (a)Dt-1. (b)Dt-2. (c¢)Dt-3. (d)Di4.
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Tab.3 Optical data of compounds in Cl,CH, solution

Au/ A/ Stokes shift/ E/
@

Compound
nm nm nm eV
Dt-1 349 403,422 27 0.45 3.06
Dt-2 371 430,440 49 0.76  2.85
Dt-3 349 418 28 0.20 3.08
Di4 372 436 50 0.51 2.88
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Fig. 7 Fluorescence spectra of bisthiophene derivative. (a)Dt-1.
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