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BDEFEZM " HEFHRBIE RS KRN R
EEM T A ARE ERET

G R SA 222 e SO MM A 2 S I RSB % I 411105)

WE TG ey I MR RIE TR DA HHLYSEHMA R, B IR T PR S A HLY R
DD2 il DH2, REHWIEFT T LAk MW SRR — ML 0 by U BE SRR I 0 X GRS B B itk b
fE N S AR M BB IR 5 . 5 AT o 2k Wy 2R T E I 5 1 33K PR kL L AR T R . AR AT R YR (100
mWeem >, AM 1.5 G) F, JEFATHLYYR DH2 A1 DD2 () 4B BH B FUih 1) B R B8R 23 50 1.67%F1 3.26%. K
F# 25 UIH R (CDCA) AL BRI AL IS, ekl DH2 RILH LA PR AERE ), RER IR ILT- AT 1 DD2 1)
RE A SCR IR R B T 5.53%.

KERR ALYk ROFEE M A YRMEEOR R L

Synthesis and Photovoltaic Properties of Two Dimensional
Organic Dyes Containing Benzothiadiazole Unit

Cao, Zhencai He, Zhou Deng, Lijun Tan, Songting™

(Key Laboratory of Environmentally Friendly Chemistry and Applications of Ministry of Education,
College of Chemistry, Xiangtan University, Xiangtan 411105)

Abstract By introducing the narrow band gap unit (dithiophene-benzothiadiazole) to the organic dye system, two novel or-
ganic dyes (DD2, DH2) with two-dimensional structures were designed and synthesized. The influence of dithiophene-ben-
zothiadiazole unit acting as side chain or bridge group on the photophysical, electrochemical, and photovoltaic properties of
the two dye-sensitizers was studied systematically. Two as-synthsized dyes with dithiophene-benzothiadiazole unit exhibited
broad absorption spectra. Under one sun illumination (100 mWscm 2, AM 1.5 G), DH2- and DD2-based dye-sensitized solar
cells showed the power conversion efficiencies (PCE) of 1.67% and 3.26%, respectively. With optimization of co-adsorbent
chenodeoxycholic acid (CDCA), DH2 exhibited a relatvely good anti-aggregation ability. Therefore, CDCA had a negligible
effect on the PCE of DH2-based DSSCs. However, DD2 achieved an enhanced PCE of 5.53% after adding CDCA as

co-adsorbent.

Keywords organic dyes; benzothiadiazole, synthesis; dye-sensitized solar cells
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WM T EEEE R, AT R AR O
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N e 5L, §ORHHUA R, KRNI TAETFLA
FELE 1) D-n-A 5K [ R 2 S5 MR, TR 52 2% 4h
ghRnr DME AR RGO, R HE—20 39N T 4 F It mr
W, IR RO AR TR, T T Lk
T 2Ry B RPN A5 BLYe K}, Heredia
SR A R T TORAS XU = Y SR I Sk 2012
AE, Li WS T H RSSO gLk, BRI =S ) 45
PR AR T G kbR AR, [ 3R13 TR ek

AT Rl T B SR -y - AR
D-n-A ARG HGR HI HARU R TERE, (Hi%
HHLGRIRIBO G Y B, ¥ 5 A ALY R O
T, AR SOR eI T BE K I IR A BRE TO A Ay
FIND-n-A RFRT, B IFARCT 4 T A AL
kL DD2; [N TSy K IiA R, et aEath 2L
e HE T WEW RO E MR TG, BT 4E H
R GERY A WY R DH2(4589 X, Scheme 1), #FFTAILL
BT ek TRy SR I IBE M e AR S N 3 AR B T
W YCRHEAL I SR fE . Akt R B AR I BE )
AR
1 ZR5E
1.1 BHLEMA L IBER

K 1(a) s 3 M HLARHE E AR (10 mol/L)
(R =] LRI G, DD2 FI DH2 #5355 L R i XY
WRAT M, 43 3 BIAE 300~480 A1 500~650 nm Ab;
FLHAE 300~480 nm Y [ A (1R VA I T35 80 37 (1)
- RS IRIT, fF 500~650 nm 75 A ey if

PLUE 1 H P 45 AR RS 3k 218 W 1 52 44 2 [R) 16 v Ay
BACTP. W 1(a)Hh nf LG H, DH2 [ ICT [ KR
Wit DD2 HAHEB AT, nl AR Tk R
K, BERRIR/DN. DD2 75 385 A1 520 nm AN AT I Ak (1
JE SR R4 K 6.5 X 10% F15.7 X 10* Lemol 'scm ™!,
DH2 7t 445 F1 562 nm PN SCUA Ak 11 B8 R W e 2R 304y
S 4.0X10°F1 6.1 X10* Lemol 'ecm™ . WA HLYLRL
) B R W R B0 KT NT19 (6=1.4X10* Lemol '
em P IX R WS A1 B R OCIRIRE ST A LG
¥l DD2 Fil DH2 5 TATZ ARG Gkl HT A LERS, 0y
WU AT B SR LR RN 5, PR R B 2~4
RN, e WIkE Ik ey 2K JFE — A A7 BRIL T 3L
S T A LGRS G R R
#1 AHLYYE DD2, DH2 I HI 1564 PR

Table 1 Photophysical properties of the organic dyes DD2,
DH2 and H1

Dyes Jabs/mm [¢/(Lemol 'ecm )] Ao’ /NM
DD2 385 (6.5X10% 520 (5.7X 10% 685
DH2 445 (4.0X10% 562 (6.1X10% 695
H1 484 (2.6X10% 363 (1.3%X10% 645

“ The maximum absorption in CHCl; solution (10 ° mol/L). ¢ is the molar
absorption coefficient at maximum absorption. ® The maximum emission peak
in CHCl; solution (10> mol/L).

BABEMR T A HUGRAE R B UV-Vis IO
e, wE 1), BT UG H, A HLEYE DH2 R
DD2 7E [l A 5 (1) W e AR 6 T3 v b I A — o8
BEMOE, XEH TR D FAEAE J- I REN S
29,

DD2

Scheme 1
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Figure 1 UV-Vis absorption spectra of organic dyes DD2, DH2 and H1
(a) In CHClI; solution and (b) on TiO, film

1.2 BRI BELESER

H TR HUGS R 2 (1) H A 3 N FA 5 744 g
1, TATCL G FEEEET, WU T RN R (TBAP)
AR, FFAER 2435(CV)IIlE T DH2 A DD2 )
AL 2=, PR i il 2 pros. DA ek
(Fe/Fe ) bR, HAEMIEIRBAIA 0.63 V (vs. NHE),
2 PGB A A S R R (Fe/Fe ) L
2, N bR (Fe/Fe AL AT 0.63 V (vs. NHE),
R A G bR A5 A 6T b vk &L R A (NHE) 1) 48040 FLAT
Eox. JeRHNMRSFMBH By 5 Eg Wi LL F K R:

Eo =Ex—Eqp (1)
Eoo AFRI RO RS IOT R, B 2R G B0 v 1
VA4 58 A= 1 DR T R ' 15 A8 B AR () K A
THEAARN. R)E, T DR Fid A ST 2 4461
Eo, PR LSRG B 23008 LR 2. R 2 ] LA
EH|, —J700, Yk DD2 A DH2 ] Eo 4354 —1.05
M—0.89 v, B TiO, i S H GEZL(—0.50 V vs. NHE)/)h
132, XRUPFTE T 2 P PLGEHBEOR AS H TRl
HEANE TiO, Fa, JEH M FENGEII(AGY) KF,
DD2 AR F T L. 55—, ek DD2
DH2 1] Eo 53054 0.97 F110.95 V, $4E0 T /157 (48 Ak FLAE
(0.5 V vs. NHE)E KR L, Bl AG K, XSS
Ykl or 1 I AR IO I T AR R AR 25
Bk, PR HLAS RS Be A 1R A GURHEAE RN ] T

DSSCs /1, H DD2 HIREHFE A&, A v REIRTS 5 m )
CERZZ N &

FclFc'
—a—DD2
—e— DH2

ﬁ;:'.::- .
L 1 L 1 L 1 1 1 L 1 L 1

00 02 04 06 08 10 12 14
Potential/V

B2 KLY DD2, DH2 A1 %8k AR SRR & ith 2k
Figure 2 Cyclic voltammogram of organic dyes DD2, DH2 and

ferrocene

Scan conditions: Pt electrodes for work and counter electrode, calomel
electrode for reference electrode, and a scan rate of 100 mV/s, ferrocene
as inner reference

1.3 BHULENR AR IERE

AT T 2 A HLGEHEALF(DH2 1 DD2)MY
T DSSCs HIeAkTERE. B 3a S5 T AN YR BT
173 DSSC #AF NI AT T3 (IPCE)
KRR WEFTCUE W, JLPAEEEA I
[X, DD2 [¥] IPCE {H #f Lt DH2 &, =WKE Ykl DD2 (14

£2 HHLYK DD2 1 DH2 [ b4 Ak
Table 2 Electrochemical properties of organic dyes DD2 and DH2

Dye Aint"/mm Eoo’/eV E,/V vs. NHE E,, °/V vs. NHE AGy, eV AGleV
DD2 614 2.02 0.97 —1.05 —0.55 —0.47
DH2 673 1.84 0.95 —0.89 —0.39 —0.45

“Determined from the intercept of the normalized absorption and emission spectra. * Bandgap, Eo.o=1240/Ai, ¢ Excited-state oxidation potentials approximated from
Eo and Ey (vs. NHE). EOX*ZEOX*EO_O. 4 Driving forces for electron injection from the dye excited singlet state (on*) to the conduction band of TiO, (—0.5 V vs.
NHE). AGinj:E(,x**(*O.S V). ¢ Driving forces for regeneration of the dye radical cation (E,y) by I'/I;” redox couple (0.5 V vs. NHE). AGreg=0.5 V—E,.
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3 LAY DD2 1 DH2 ) DSSCs #BA Mg
Table 3 Photovoltaic performance of DSSCs based on dyes DD2 and DH2

Dye Jo/(mAscm?) VoV FF PCE/% Adsorbed amount of dye/(10~* molecm?)
DD2 7.39 0.65 0.68 3.26 2.07
DD2+CDCA 12.20 0.64 0.71 5.56 —
DH2 423 0.55 0.72 1.67 0.95
DH2+CDCA 4.02 0.55 0.69 1.53 —
80 [ T T T T T T T T 7] 14 | —=— DD2
L @ =—DD2 ] (b) —e— DD2+CDCA
70 L —e— DD2+CDCA 12 14 DH2
L DH2 ]
60 —v— DH2+CDCA = 10 DH2+CDCA

50
40

IPCE/%

30

300 400 500 600 700 800
Wavelength/nm

Photocurrent/(mA:cm™)
D
1

— T T T ‘' T T T T T " T T T 7
00 01 02 03 04 05 06 07 08
Voltage/V

B3 JETATHLYYE DD2 A DH2 [f) DSSCs [1)(a) IPCE HiZH1(b) J-V #hLk
Figure 3 IPCE curve (a) and J-V curve (b) of DSSCs sensitized by organic dyes DD2 and DH2

B J RSt E. [N, 51 UV-Vis Jail K
AIXF Y, DH2 [#) IPCE J: i HE DD2 F AT 114R 58, & 3b 4%
. AML.5 BEHUKBI G100 mWeem )BT N 5E T 4uk)
DH2 i1 DD2 [f] DSSCs (K] J-V £k, M 16 PERE$L
Py T 3 . W J fH 53 IPCE i 2k AR 43 AR
HHEZRRZRPFY IPCE Mgk Bk, Je k.
M DH2 F1 DD2 [f IPCE #lli{ 45 K v %1, DD2 7E 584 ]
WS IPCE #h & Ao THIRBARXT R, PRy H
HHEEM JAH. MR 3 hERATTLLE R DD2 1) J, fHZE
W2 T DH2, X—45 05 LR Yk IPCE MK 25 5
FHTE.

TEAHRIIAAA AT, A PLA4E DD2 fil DH2
(1) DSSCs (1] f 2 % #e 30 2 (5 (PCE) 43 4l i 1.67%
3.26%, DD2 HIfg s R L] W im T DH2. X —45
HoE T DD2 H AT T B U S B T
FALJRIN, nIBERk H W7 B4, TP R S Yk
Aedi o, DD2 MLk DH2, Mk S e E,5
TiO, B Re M 2= 5K, AR T+ W TiO, MEA,
T B A 5 s 0 T e e R B2 Hevk, et 1 e B R A
— SRR T2 YRR B f R Y, P R 1 B SR
JERBU MY, (AR 3 0] LUE H DD2 W BRI 6t ey T
DH2. 1R KL LARFET DD2 b M HL i 5 i 11 s A1,
DH2 MW RS H T 25 AN—D = K45,
Iy F R AL BAIE R, 520 T 20 F4E TiO, 4K i
(I Ff

IEAFEIR B 57 CDCA AL S5, DD2 [FRE S H i R0R
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HE— N4 5.56%, 1M DH2 ifA N, %1 DD2,
ST I A R i v R R v, DI SR A4
TGRSR AR, AT RS B AT R ST (1) 40 R
LT A 2. T DH2, 2> PR E 4R, 7
FHAWA I =K e gty SRR, A8
BN T GRS, NN CDCA Ja %A W 5 145 1k
B T IX— AT

2 RE

eIk By — R I W kg N I s AR I TG |
ANB| = K& D-n-A AHLGEMA RS, Wil IEE T
Fh YA LS RMEL T DD2 A1 DH2, JRFoT LR
TH B, ARG R YERE. WETTE R, TN
Fe ik By DR IFE T RSE A, R R LA R
(TR AT ' 1 AR v P B /WAL R 4, AT H e 1) 4
fr. LA T A 4L k) DD2 [ 16 1 3 R am i n A\ LR Bt
7 CDCA AL G IE R 5.56%, TEA H R 4e 45 e
Bl DH2 fEEFIMACETHIK. XARN, 5 DD2 ML,
DH2 SR HAARCN g, SEou%a, AR+
G, EBEAE 7> AR K, I A (R AL BH SR,
FRA T Y RE TiO, M b (W B, AT 0% AT Fir %
ik

3 KEES
31 EFEMERRF
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YA FHEAT, RIELE Brucker Autoflex IIT % K47 I [A] it
WA _EHEAT, Z0AM iR A1) WOt PE 2 7
() Spectra One BT 4P HE(YFI PE Lamda 25 25850 ]
DL B SR, A S A R B EG&G  Princeton
Applied Research Model 273 B ik 22 T/l e, Hijth
(1) J-V AN 561 - AR (IPCE) il H]
Keithley 2602 1 Zolix Omni-4 150 F(a 4347 .

RN AT el sl b 244t N,N-—F 3% F i
FEACES R AL 2], DYSUE AR 22 [mi, AR5 o R 2%
W, e RSl 5-[7-(5-1R-4- CLE-2-WEWy
Fo)- K IF[1,2,5] W8 — M 4-FE 13- O 3 -2- e gy L g
(P, 2-(= T HEBIE)-5- F L ey ()P, 5-iR-3-(— 4
19 R T — P 2% )~ W3 ()0, AR I - [4-(V, N- %o F 2%
Jie 5 )-1- KR B (1L &1 6)12Y), 4,7- . (4- CLIE g} -2-
)R I 1 (9) PR SCRR A K.

3.2 BMERSLFIEK

HHLGLRHEAL ] DD2 1 DH2 4 B 2k i1 Scheme
2 JioR.

321 5-[7-(5-(5-F A -2-nE w3 )-4- T 2K v )
FH[1,2,5178 vk -4-3K]-3- T A - 22K JL T BE(3) 49 &
AR,

] 100 mL = FHR AR AL E4) 1 (0.70 g, 1.20
mmol), t6&4 2 (0.71 g, 1.83 mmol)FHIZE(50 mL), Hil
BA, A ROV AR RIS 30 min, 3 A RO
0.1 g ] Pd(PPhy),, 4RZ2IEGT 3.5 H ARG RHEA R W
HRIEET 2 98 °C, XN 3 d. FHARAH 200,
AR A 50 mL Z&1H/K, A SR HEAR R =IX,
IKBE =R, oK R EE T i, Z5T350, =4
MVCHMEE) @ VAR =1 0 1A PEB R A,
KRNI TR G 0.65 g, 77K 85%.
'H NMR (CDCls, 400 MHz) 6: 10.10 (s, 1H, CHO), 8.06
(d, J=4 Hz, 1H, phenyl-H), 8.03 (d, /=4 Hz, 1H,
phenyl-H), 795~7.97 (s, 1H, thienyl-H), 7.84~7.86 (s,
1H, thienyl-H), 7.04~7.05 (s, 1H, thienyl-H), 6.76 (s, 1H,
thienyl-H), 3.02 (t, J=14 Hz, 2H, CH,), 2.83 (t, /=12 Hz,
2H, CH,), 2.54 (s, 3H, CHj), 1.71~1.79 (m, 4H, CH,),
1.34~1.43 (m, 12H, CH,), 0.91 (t, J=12 Hz, 6H, CH).
322 2-38-3-[2-[5-[7-(5-(5-F Fh-2-2E w3k )-4- T 3K -2-
o H ) - K F[1,2,5PE vk -4 ]-3- T R 22K B
THr I E(5) 896 A%,

76 50 mL [ER FUf, AKIIMAAEY) 3 (0.63 g,
1.06 mmol), 1L&4 4 (0.33 g, 1.06 mmol)Fl 15 mL Fi 7%
[f) THF. #RJ5, 7R/ FOKIE 44F N i s o b
B 15 mL A BCT BEH0.21 g, 2.12 mmol)[#)
THF . il RN S H 221270 50 ClRIF 1 d, £
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PR RV E 2 s, s H /e A 3 ik, A HUAH
7&K Ve, JEH KRR BT, Ty, et
Je 3 2=, K= V(A ) - (Al ) =
12 LA 0 I 700 Ak J0 A J2 i A0 i 45 R s € [ 4
0.52 g, /"% 65%. '"H NMR (CDCls, 400 MHz) ¢: 7.98 (d,
J=4 Hz, 2H, phenyl-H), 7.83 (d, /=8 Hz, 2H, thienyl-H),
7.22 (d, J=15 Hz, 2H, thienyl-H), 7.16 (s, 1H, thienyl-H),
6.2 (d, J=14 Hz, 2H, CH), 6.75 (s, 1H, thienyl-H), 2.82 (t,
J=15 Hz, 2H, CH,), 2.74 (t, J=15 Hz, 2H, CH,), 2.53 (s,
3H, CHj), 1.70~1.73 (m, 4H, CH,), 1.25~1.42 (m, 12H,
CH,), 0.91 (t, J=12 Hz, 6H, CH,).

323 (E)-4-(3-(2-(3- T H-5-(7-(5-F A& -3- T 3L-[2,2'-
R ]-5-F) R IF[1,2,51 8 w4 pEep-2- ) T
M R )oEo-2-38)-N,N- =3 ¥ AL () 89 6 A%,

] 100 mL — FORH KIS 5 (0.48 g, 0.64
mmol), &6 (0.31 g, 0.77 mmol), 30 mL 7€ (1) 2,
5 mL (2 mol/L) K,CO3 /KHHHE, 7RG/ AR, A 100
mg 1] Pb(PPh;), (0.08 mmol), FFii%: 100 ‘Cx M 72 h
JEAs RN, PR A EIN 50 mL 280K, B
TR AR, KUE SRR, oK BT R AL
2, ZJE AR, R RARRREE A 12 3 Al
Pk / — S e /R A W AR AT I AT S A, 45 A £ [
14 0.49 g, 7% 81%. '"H NMR (CDCls, 400 MHz) 6: 7.98
(d, J=4 Hz, 2H, phenyl-H), 7.80 (d, J=8 Hz, 2H,
thienyl-H), 7.38 (d, /=5 Hz, 2H, thienyl-H), 7.14 (s, 1H,
thienyl-H), 7.34 (d, J=8 Hz, 2H, CH), 7.09 (d, /=10 Hz,
12H, phenyl-H), 6.75 (d, /=2 Hz, 1H, thienyl-H), 2.82 (t,
J=16 Hz, 2H, CH,), 2.73 (t, J=15 Hz, 2H, CH,), 2.53 (s,
3H, CH3), 2.33 (s, 6H, CHj), 1.69~1.73 (m, 4H, CH,),
1.34~1.42 (m, 12H, CH,), 0.90 (t, J=12 Hz, 6H, CH;);
C NMR (CDCl;, 100 MHz) §: 144.97, 141.97, 140.30,
139.96, 134.42, 133.05, 130.77, 130.57, 130.19, 125.99,
125.89, 125.70, 125.35, 125.15, 123.83, 122.55, 121.65,
120.51, 31.72, 31.70, 30.93, 30.63, 29.69, 29.50, 29.31,
29.17, 28.67, 22.65, 20.86, 15.32, 14.09; MALDI-TOF MS
caled for Cs;Hs7N3Ss (M+H) : 944.323, found 944.319.
324 (E)-5-[4-(=F R F 2R KK ]-4-2-3-T -
5-(7-(3- T H-5"-F F-[2,2- —2&m]-5- ) K 5 [c][1,2,5]
R o4 )R- 2- ) T St AR )R- 2- T BE(8) 6
P,

R FI =W AT, T 100 mL Py D
NIEAE 27 mL B 25 1,2- R/ LK P 547 (0.40 g,
0.42 mmol), SXJGAEOKHET T2 AN DMF (0.33 mL, 4
mmol)A! POCl; (0.22 mL, 2.4 mmol). %% $E 5 min,
FHIRZE 85 C, 4k&l v 12 h. WEEIJE, A 50 mL
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CeHy3 NN CeHi3 C4Hg—Sn" s S

C4H9 2
/N Br

N CeH13

orc— )
s

Pd(PPh3),, Toluene, 98 °C, 72 h

s~ Br 4

I\
1 3
(0]
I s o
CHoP(OCH,CHy), CoHis NN Cotrs NOB/

THF,t-BuOK

POCI3, DMF, CICH,CH,CI

78°C, 24 h

CNCH,COOH,CHCl,

DD2
Piperidine, reflux, 24 h
i
CH,P(OCH,CHs),
N S I\
CeHg NN CeH1s CeHi3 NN CeHia < Br 4
[\ /N I\ I\
Zs>—<\ />_[s§ CICH,CH,CI, 78 °C, 24 hOHC— g CHo THF, t-BuOK
9 10

CNCH,COOH,CHCl5

Pd(PPhg),, toluene, K,COg3, Piperidine, reflux, 24 h

100°C, 72 h

Scheme 2

VOREE RIS UK AR 1 h, TRAH AU 2K, IF '"H NMR (CDCls, 400 MHz) 6: 9.68 (s, 1H, CHO), 8.05 (s,
FKSEE =k, BRI ICKBEREE T4 12 h oy 1H, thienyl-H), 7.97 (s, 2H, thienyl-H), 7.75 (d, /=38 Hz,
JE e R, VORI @ MR =1 1] 2H, phenyl-H), 7.64 (d, J=9 Hz, 1H, CH,=CH,), 7.42 (d,
YRR AT, 1921 A £0.2 g 7% 48.5%). J=8 Hz, 1H, CH,=CH,), 7.21 (d, /=10 Hz, 2H,

Chin. J. Org. Chem. 2014, 34, 340~348 © 2014 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 345
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thienyl-H), 7.02~6.75 (m, 12H, phenyl-H), 2.82 (t, /=14
Hz, 2H, CH,), 2.53 (t, J=4 Hz, 2H, CH3), 2.27 (s, 6H,
CH;), 1.71~1.78 (m, 4H, CH,), 1.24~1.42 (m, 12H,
CH,), 0.90 (t, J=12 Hz, 6H, CHj). Anal calcd for
CssHs7N30Ss: C 71.64, H 5.91, N 4.32, S 16.49; found C
71.61, H5.97,N 4.26, S 16.57.

3.2.5 DD2 #54%

RS, 17 100 mL 0 3# E AR i
0.20 g (0.21 mmol){L &4 8, 0.17 g (2 mmol)iF Ik LR,
10 mL &0, SRIE1E Ar Ry N HES 28N 0.2 mL Uk
WE, IR 24 h, AHIRER, F S PHRAN, f
HUAHHT 0.1 mol/L (1) h R UL EIR, SRFE/KE 3 Ik, MG
KB IREET-, U8, BET. M= E TR
V(REE) =10 © TFEVEIBE A e AT, o5 a9 B 20 6T
1k 0.18 g, /% 84.5%. m.p. 103~105 C; 'H NMR
(CDCl, 400 MHz) d: 8.03 (s, 1H, thienyl-H), 7.97 (s, 2H,
thienyl-H), 7.75 (d, J=8 Hz, 2H, phenyl-H), 7.64 (d, J=9
Hz, 1H, CH,=CH,), 7.42 (d, J=8 Hz, 1H, CH,=CH,),
7.21 (d, J=10 Hz, 2H, thienyl-H), 6.56~6.99 (m, 12H,
phenyl-H), 2.96 (t, J=14 Hz, 2H, CH,), 2.66 (t, J=8 Hz,
2H, CHj), 2.42 (s, 6H, CHj), 1.82~2.18 (m, 4H, CH,),
1.24~1.42 (m, 12H, CH,), 0.87 (t, J=12 Hz, 6H, CH;);
C NMR (CDCl;, 100 MHz) §: 152.07, 144.59, 139.60,
134.13, 132.32, 130.94, 130.00, 129.76, 128.88, 128.12,
127.90, 126.84, 125.82, 125.61, 125.25, 124.95, 124.56,
120.98, 62.78, 61.64, 42.00, 36.73, 31.95, 31.76, 30.48,
29.73, 29.69, 29.49, 28.52, 27.22, 27.03, 24.91, 22.74,
20.88, 15.31, 14.23, 14.14; MALDI-TOF MS calcd for
CeHssN40,Ss (M+H)": 1039.324, found 1039.243. Anal
caled for Cg;HsgN40,Ss: C 70.48, H 5.62, N 5.39, S 15.42;
found C 70.38, H 5.67, N 5.36, S 15.50.

3.2.6 5-(7-(5-F B-4- T K 2- L) K HF[][1,2,5]%
ek 4 3K)-3- TR 2- F BN (10) 696 A%

G ROTESWEY) 8 AL, BkHECh 4.69 g (b &)
9,40 mL 1,2- 502 %%, 7.73 mL DMF £1 9.5 mL POCI;.
PALVCAT g & V(U BE) =1 1 110% FIAE A Bk i 77
BEATREIAT 28T, L8 TR A 4Lt il 4k 438 g, /=%
83%. 'H NMR (CDCls, 400 MHz) 6: 10.13 (s, 2H, CHO),
8.11 (s, 2H, phenyl-H), 8.03 (s, 2H, thienyl-H), 3.06 (t, J=
14 Hz, 4H, CH,), 1.77~1.79 (m, 4H, CH,), 1.42~1.49
(m, 4H, CH,), 1.31~1.40 (m, 8H, CH,), 0.92 (t, J=13 Hz,
6H, CH;); *C NMR (100 MHz, CDCl;) §: 182.14, 153.31,
152.30, 146.64, 138.14, 131.18, 126.77, 126.29, 31.61,
31.48, 29.08, 28.69, 22.60, 14.09; MALDI-TOF MS calcd
for C,gH:N, 0,S5 (M+H) "2 525.170, found 525.190.
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3.2.7  4,7-=(5-((E)-2-(2- 1% & m-3-2) Thr A )-4- T K
E-2- ) K [c][1,2,5] R = (11)#) & %,

HHEOTESWED 5 KL, BRSO 1.6 g (hGY)
4,1 g L& 10,0.64 g 1) +-BuOK, LA[V(A M) @ V(-
SR =3 o LI FIAE b U i 70 e A 1B AT S22 4T,
WG RIE M A 143 g 7% 89%. 'H NMR
(CDCls, 400 MHz) d: 7.98 (s, 2H), 7.87 (s, 2H), 7.26~
7.29 (m, 2H), 7.16~7.23 (m, 4H), 7.01 (d, J=16 Hz, 2H),
2.73~2.77 (m, 4H), 1.68~1.72 (m, 4H), 1.25~1.43 (m,
12H), 0.90 (t, J=12 Hz, 6H); *C NMR (CDCls;, 100
MHz) 6: 152.55, 142.92, 138.29, 137.50, 137.04, 130.62,
126.06, 125.46, 12531, 124.62, 121.88, 120.57, 111.05,
31.73,30.92, 29.20, 28.70, 22.66, 14.10; MALDI-TOF MS
calcd for C;3H33BroN,Ss 841.998, found 841.910.

3.2.8 44-(1E,1'E)~(5,5-(CR3F[c][1,2,5]7& =k -4,7-—
H)=(B-T A E-52- = ) (T H-1,2- =) =(5-i&
ME-2- T B (12) 696 A%,

BRINESWED 8 KU, KEESCHEY) 11
(0.50 g, 0.60 mmol), 40 mL ¥ 1,2- -5 L%, 0.56 mL [1]
DMF, 0.48 mL ff] POCl;. LA —[V(fifiF) @ (& H
fo)=1 o 1R Ve RERAE AT 2T, B a9
IR 0.39 g, 77% 72.7%. "H NMR (CDCls, 400
MHz) §: 9.74 (s, 2H), 8.12 (s, 2H), 7.83 (s, 2H), 7.64 (s,
2H), 7.48 (d, J=5 Hz, 2H), 6.82 (d, J=4 Hz, 2H), 2.88 (t,
J=15 Hz, 4H), 1.73~1.77 (m, 4H), 1.42~1.51 (m, 4H),
1.29~1.41 (m, 8H), 0.92 (t, /=13 Hz, 6H); MALDI-TOF
MS calcd for C4H33Br,N,0,S5 897.987, found 897.972.
3.2.9 44-(1E,1'E)-(5,5-CGRF[c][1,2,5]K —rd-4,7-—
Ay @B-TAEEH 52— FE)Z(12- T TH )=
(5-(4-(=2F 3R F ) R eop-2- F B5) (13) 46K,

G EOTESWED T R, Bkl S &) 6 (0.37
g, 0.33 mmol), L5412 (0.37 g, 1 mmol), 0.15 g MR
B, 40 mL A H K. DAVCA MR @ (& D)=
12 VS SR A e IR0 F Ak R 2047 24T, 19 BImG 21
4K 0.31 g, P7% 73.8%. 'H NMR (CDCl;, 400 MHz)
5: 9.69 (s, 2H), 8.07 (s, 2H), 7.75 (s, 2H), 7.54 (s, 2H),
7.37 (d, J=6 Hz, 2H), 7.33 (d, J=9 Hz, 8H), 7.21 (d, /=8
Hz, 2H), 7.01 (d, J=8 Hz, 4H), 6.93 (d, J=8 Hz, 4H),
6.84 (d, J=9Hz, 8H), 2.78 (t, J=15 Hz, 4H), 2.27 (s,
12H), 1.32~1.39 (m, 4H), 1.25~1.28 (m, 12H), 0.90 (t,
J=12 Hz, 6H); *C NMR (CDCl;, 100 MHz) 6: 192.39,
152.38, 150.63, 147.86, 144.84, 144.60, 143.32, 135.73,
134.28, 133.24, 132.87, 130.28, 129.87, 129.74, 128.67,
127.95, 126.60, 126.55, 126.20, 125.82, 125.24, 125.00,
124.83, 121.34, 120.50, 31.61, 31.19, 31.15, 29.70, 29.18,
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29.13, 28.67, 24.84, 22.62, 22.58, 20.79, 20.75, 14.09,
14.03. FT-IR (KBr) v: 1637 (C=0), 997 (trans-vinylene)
cm ~ '; MALDI-TOF MS caled for CgoH7N4OSs,
1282.440; found 1282.610. Anal calcd for CggH74N4O,Ss:
C 74.85, H 5.81, N 4.36, S 12.49; found C 74.76, H 5.87,
N 4.34, S 12.56.
3.2.10 DH2 #94-%,

H TS DD2 KL, HECEHECA A 13 (0.25
g, 0.20 mmol), 0.2 g HHE LR, 30 mL HiZ LJEF 10 mL
=& 42, 0.5 mL WREE, 50 mL 0.1 mol/L HCI ¥§W&. LA
(SR - VOB =10 © TN SERE R AR =
Mr, WG/ 2R BAMEAK 017 g F5% 61.6%. mp.
104~106 °C; "H NMR ((CDs),SO, 400 MHz) §: 8.26 (s,
2H), 7.95 (s, 2H), 7.81 (s, 2H), 7.66 (d, J=6 Hz, 2H), 7.54
(d, J=9 Hz, 8H), 7.25 (d, /=8 Hz, 2H), 7.97 (d, /=8 Hz,
8H), 6.80 (d, /=8 Hz, 4H), 6.73 (d, /=9 Hz, 8H), 2.71 (t,
J=15 Hz, 4H), 2.15 (s, 12H), 1.40~1.48 (m, 4H), 1.27~
1.33 (m, 12H), 0.92 (t, J=12 Hz, 6H); MALDI-TOF MS
caled for CggH76NgO4Ss (M + H) . 1417.460, found
1417.641. Anal caled for CsH7NO4Ss: C 72.85, H 5.40,
N 5.93,S 11.31; found C 72.78, H 5.46, N 5.88, S 11.38.
3.3 FRRMERINE

FEI B T A MR 42K & TiO, HEE PRl L AE S
mL, 0.5 molsL™" ) NaOH ZJ/Z& 18 /K I b (L Fn 7%
TRKIARRLE S 101, TS, doklar
5 TiO, ¥ R lE s 2 K AR K, WP 7 ri Al R i
A HLGEL 2 N TiO, EJBERE Tk, il T i, =
W12 h 5, SRAVESM-AT WL B v e a i I g
]I PR T R S s e, 3 s 0 5 98 e — e K T
ISR TE S AN K A TiO, T 1S A 1 G kb B e
(molecm ?). HekHHIMR AR X (D)5

AV

=y

Horr ¢ YR BB (molem %), S IR MR
TiO, X I 1 T A (em), A A I BRI 1, v o i
BRBIRATR(L), & A L7 Mo R ) BE JR T O R AL
3.4 PRIk KPAAE Fith 25 AYFI AN AR MERE R
TiO, Bk A, B [l #6225 SCHR[37], K )54k
B HIEE(FTONH VE T4 5, & T 0.04 mol/L 1 TiCl
KIS 70 CARER 30 min, BT 2K AT K 20
WRPPYEG, BTk 450 C FBRE 30 min. £EAL
PRLF 1 rR s BB RR — )2 10~15 pum TiO,
WAk A, R T EREER— 2 4~6 pm ¥ TiO, i ik
B, RIGHE TS iplrrh7E 450 “C FHEE 30 min, JH] 40

c

(1)
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mmol/L (1] TiCl, ZK¥FW 70 ‘CALEE 30 min, FFIRAE 450
CFEFE30 min, FFAEIE]80 CHPEKHEZ AR 0.5
mmol/L ek} ¥, EIREEEW 12 h FIH, H
To/K SREPPSEIG AT, 1o AT GLtel 1 e AR 2 i i vk
AR, DA AR Ao B bl 2 e i G R Ak K BH F i
PAE, MR 0.5 mol/L Lil, 0.05 mol/L I, 0.5
mol/L TBP, 0.6 mol/L 1-H1%E-3- CLAEBKMEfi(MHID) K] 3-
AR R N TS VA A

JEARMNECR FH 500 W AT 5 AM 1.5G 386 A&
VEABERUKBHYE I G R, 78 100 mW/em?® Yeas il
WG PERE, At FOEIRTIRL A 0.196 cm®, J-V il
£E A1 IPCE {i ] Keithley 2602 Fl Zolix Omni-A 150 Hf
PORATI R, JF st PSR T 3.
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