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Abstract A series of diphenylamino-substituted arylene-ethynylenes SC1~SC5 were synthesized by Sonogashira coupling

reaction and protect-deprotect of trimethylsilyl (TMS) group. These compounds are dyes that substituted by diphenylamino

group as electron donor, carboxyl as electron acceptor and arylene-ethynylene group as m-conjugated bridge. Target molecular

SC5 was applied to nanocrystalline TiO, dye-sensitized solar cells. For a typical device the maximal monochromatic incident
photon-to-current conversion efficiency (IPCE) can reach 64% in the range of 350~580 nm, it can reach more than 50%, with
a short-circuit photocurrent density (J;.) 8.0 mAescm 2, an open-circuit photovotage (V) 0.75 V, and fill factor (FF) 0.70,
which corresponds to an overall conversion efficiency (7) of 4.2%.
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Scheme 2
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Sy E K, HITACHI U-3310 %8 4h—1] W4 Y66
i, JASCO FP-6600 %56l 5E 1X; Bunkoh-Keiki 22 ]

CEP-99W & i ¥ ¥ & 7 0% R 4 ; Wacom /A
WXS-80C-3 (300 W 1i{AT) K BH A FL 5.

Pd(PPhy), A 5E56 % HAE, 1,4-[(£)-3,7- - H ¥
AIE]-2,5- AR S W CERU A . e AR R RN v

732k Sigma-Aldrich 24 7]\ TCI 22 7 8, Wako 2 &) 43 #7
af= i @%“Xﬂﬁibu}\%)ﬁ‘ém%ﬂﬁﬁﬁﬂlﬂlﬁlﬁ, F2R
A CaH, [Fli, AT 7B, — RN MA CaH,
[, 28 S N2t 2
1.2 ERAZESKE

K IR SR T Sonogashira fHEC S Y. — e AE
JREWTE 1) K I B 1 s AR5, R e
1k, Pd (PPhs), (0.05 equiv.), Cul (0.05 equiv.). £%(
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o> BARA.

PRAPIE TMS(= H LRI I MEBR i R 1) i
BRI TMS LR ALY, KaCOs (10 equiv.),
THF/CH;0H (V: V=1 :1). & FHidE 2 h. RNV EHR
JEIENIK I CHLCl 2550, A HLA A NaCl W R A
P, JoK MgSO, T4, REIE Rl bR 25, r=il

TERE AT 2 M 20 B3k A

1.3 WEMEIERILE

4-[(2,5- 2 L He-4-MIOR L) 20 - N, N- 2K LR %
1): FENDE[VOECE) @ M(C& T E)=5 : 11753
RHOR AR, 77 64.0%. mp. 134~136 C (lit.["*!
134~136 “C); '"H NMR (500 MHz, CDCl;) 8: 1.20 (t, J=
7.5 Hz, 3H), 1.26 (t, J=7.5 Hz, 3H), 2.68 (q, J=7.5 Hz,
2H), 2.77 (g, J=17.5 Hz, 2H), 7.01 (d, J=9.0 Hz, 2H), 7.06
(t, J=7.5 Hz, 2H), 7.11 (d, J=8.0 Hz, 4H), 7.27 (t, J=17.5
Hz, 4H), 7.30 (s, 1H), 7.36 (d, J=8.5 Hz, 2H), 7.67 (s,
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ODMO I (1.05 equiv.)
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DMOO NC
15
ODMO Q
— /N — 7 \

— \7/ —
Vel

O
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Scheme 3

1H); C NMR (125 MHz, CDCLy) 8: 14.48, 14.63, 26.91,
33.48, 86.77, 93.97, 100.30, 116.13, 122.34, 123.04,
123.56, 124.96, 129.39, 131.40, 132.38, 138.69, 143.78,
145.07, 147.16, 148.00.

4-{[2,5- " LKL -A-(= PRI 2P ) R AR L
FEV-NN- R FER [ (2): MEENT 3 [VOE Cbe) - (.
AHHD)=5 1 1R WAL, 77% 98.0%. 'H NMR
(500 MHz, CDCL3) 8: 0.26 (s, 9H), 1.24 (t, J=7.5 Hz, 3H),
1.26 (t, J=7.5 Hz, 3H), 2.76 (q, J=7.5 Hz, 2H), 2.79 (q,
J=7.5 Hz, 2H), 7.01 (d, J=8.5 Hz, 2H), 7.06 (t, J=7.5
Hz, 2H), 7.11 (d, J=7.5 Hz, 4H), 7.25~7.31 (m, 6H),
7.36 (d, J=8.5 Hz, 2H); *C NMR (125 MHz, CDCl;) ¢:
—0.02, 14.49, 14.65, 27.10, 27.13, 87.42, 94.43, 98.94,
103.94, 116.27, 121.90, 122.35, 123.00, 123.55, 124.96,
129.39, 131.28, 131.77, 132.41, 143.08, 143.90, 147.19,
147.95.

4-[(2,5- = L Hk-4- PRI RTL) LR HE]-NN- RSk
HHE3): FEENT B IVOECK) - MR HE)=5 1]
BRI ORAR, 775 98.0%. m.p. 121~122 C (lit."!
121~122 “C); '"H NMR (500 MHz, CDCl;) 6: 1.24 (t, J=
7.5 Hz, 3H), 1.27 (t, J=7.5 Hz, 3H), 2.77 (q, J=7.5 Hz,
1264
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2H), 2.80 (q, J=7.5 Hz, 2H), 3.28 (s, 1H), 7.00 (d, J=8.5
Hz, 2H), 7.05 (t, J=7.5 Hz, 2H), 7.11 (d, J=8.0 Hz, 4H),
7.26 (t, J=7.5 Hz, 4H), 7.33~7.37 (m, 4H); *C NMR
(125 MHz, CDCly) §: 14.61, 14.68, 26.93, 27.10, 81.39,
82.40, 87.24, 94.53, 116.17, 120.88, 122.32, 123.38,
123.55, 124.95, 129.38, 131.31, 132.21, 132.42, 143.11,
143.95, 147.15, 147.98.

3-((4-((A-( R HE B R S gk )-2,5- Rk 4
) CHEL) R FER(SCY): A JZHT 4 B[ V(IE &%) © (&
MR OlE)=1: 114330 E Ak oK, ™% 90.4%. m.p.
232~234 C; UV-Vis (CH,CL) Amax: 373 nm; 'H NMR
(500 MHz, CDCl) 6: 1.29~1.34 (m, 6H), 2.82~2.88 (m,
4H), 7.02 (d, J=8.5 Hz, 2H), 7.06 (t, J=7.5 Hz, 2H), 7.12
(d, J=17.5 Hz, 4H), 7.28 (t, J=8.0 Hz, 4H), 7.37~7.40
(m, 4H), 7.48 (t, J=8.0 Hz, 1H), 7.76 (d, J=7.5 Hz, 1H),
8.08 (d, J=7.5 Hz, 1H), 8.28 (s, 1H); °C NMR (125 MHz,
CDCLy) d: 14.66, 14.74, 27.16, 27.17, 87.40, 89.50, 92.56,
94.67, 116.18, 121.51, 122.32, 123.26, 123.56, 124.20,
124.96, 128.67, 129.39, 129.61, 129.70, 131.38, 131.64,
132.43, 133.14, 136.45, 143.26, 143.53, 147.15, 147.98,
171.27. Anal. calcd for C;0H3NO,: C 85.84, H 5.73, N
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2.57; found C 85.96, H 5.66, N 2.63.

3-((4-((4-( R E L) K H) S sh)-2,5- K B 2
B ORI K TR 2 BE(SC2): FEEMT B [ VOE 2%%) ¢
VA TR =2 1 113 2R AR, 7% 96.3%.
UV-Vis (CH,CL) Amax: 374 nm; 'H NMR (500 MHz,
CDCly) d: 1.29~1.32 (m, 6H), 1.42 (t, J=7.0 Hz, 3H),
2.82~2.86 (m, 4H), 4.41 (q, J=7.0 Hz, 2H), 7.02 (d, J=
8.0 Hz, 2H), 7.07 (t, J=17.5 Hz, 2H), 7.12 (d, J=8.0 Hz,
4H), 7.28 (t, J=17.5 Hz, 4H), 7.38 (d, J=9.0 Hz, 4H), 7.44
(t,J=7.5Hz, 1H), 7.70 (d, J=8.5 Hz, 1H), 8.01 (d, J=7.5
Hz, 1H), 8.19 (s, 1H); *C NMR (125 MHz, CDCl;) ¢:
14.31, 14.66, 14.72, 27.15, 27.17, 61.22, 87.39, 89.16,
92.82, 94.61, 116.17, 121.61, 122.32, 123.15, 123.55,
123.88, 124.95, 128.46, 129.13, 129.38, 130.81, 131.36,
131.60, 132.42, 132.47, 135.50, 143.23, 143.48, 147.14,
147.95, 165.96; Anal. calcd for C4;H;5NO,: C 85.83, H
6.15, N 2.44; found C 85.94, H 6.09, N 2.50.

4-(10-TR & -9- 2k I )-N,N- AL AR (4): FEJZHT
SFEVOECKD) - & TR =4 ¢ 1335 Ak R,
FEE 30.7%. m.p.>300 C; 'H NMR (500 MHz, CDCl5)
5: 7.08~7.11 (m, 4H), 7.17 (d, J=17.5 Hz, 4H), 7.31 (t,
J=8.0 Hz, 4H), 7.60~7.65 (m, 6H), 8.56 (d, J=7.5 Hz,
2H), 8.69 (d, J=17.5 Hz, 2H); *C NMR (125 MHz, CDCl,)
5: 85.28, 102.37, 115.94, 118.76, 122.29, 123.57, 123.73,
125.10, 126.64, 127.36, 127.41, 128.19, 129.46, 130.30,
132.59, 132.85, 147.10, 148.38.

4-(10-((= F LR L ) 2 ) -9~ L HHE)-N,N-— K
FEORRE(S): FEENT B VOE &%) - M k) =4 .
1RO R, 77% 92.7%. mp.>300 C; 'H NMR
(500 MHz, CDCLy) d: 0.43 (s, 9H), 7.09~7.11 (m, 4H),
7.17 (d, J=8.0 Hz, 4H), 7.31 (t, J=7.5 Hz, 4H), 7.60~
7.61 (m, 6H), 8.58 (d, J=8.0 Hz, 2H), 8.66 (d, J=8.0 Hz,
2H); *C NMR (125 MHz, CDCl5) §: 0.22, 85.79, 101.66,
103.04, 107.89, 115.99, 117.67, 119.18, 122.25, 123.73,
125.10, 126.58, 126.85, 127.21, 127.26, 129.45, 131.79,
132.40, 132.64, 147.09, 148.36.

4-(10- LR FE -9- £ H FE)-N N- — K FLTR [ (6): FE
EAT B VAECKT) - M E T hD) =4 T 1182 E
AR, % 95.9%. mp.>300 ‘C; 'H NMR (500 MHz,
CDCly) 8: 4.06 (s, 1H), 7.09~7.11 (m, 4H), 7.17 (d, J=
7.5 Hz, 4H), 7.31 (t, J=7.0 Hz, 4H), 7.60~7.62 (m, 6H),
8.60 (d, J=8.0 Hz, 2H), 8.67 (d, J=8.0 Hz, 2H); “*C
NMR (125 MHz, CDCl3) 6: 80.49, 85.65, 89.52, 103.15,
115.90, 116.52, 119.65, 122.23, 123.74, 125.11, 126.61,
126.99, 127.31, 129.46, 131.72, 132.67, 147.08, 148.41.
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3-(10-((4-( = AR FEZ IR R L) LR k) 1-9- LSk
AKFFR(SC3): E S BE R IE OVt Hh R0 13 208
WA, % 60.0%. m.p.>300 C; UV-Vis (CHyCl) Amax:
484 nm; 'H NMR (500 MHz, CDCLy) 6: 7.09~7.12 (m,
4H), 7.18 (d, J=8.0 Hz, 4H), 7.32 (t, J=8.0 Hz, 4H),
7.59~7.67 (m, 7H), 8.01 (d, J=7.5 Hz, 1H), 8.14 (d, J=
7.5 Hz, 1H), 8.49 (s, 1H), 8.69 (t, J=7.5 Hz, 4H);

4-((2,5-((F)-3,7- = HIBL o AU AR )-4- TR R ) 2 gk
HE)-N,N- IR FEIE N (T): KEENT B [VAE &%) © (2
SFHE) =4 11 ERE MRS, 7% 77.3%. 'H
NMR (500 MHz, CDCLy) &: 0.82 (dd, J=6.5 Hz, J=1.5
Hz, 6H), 0.87 (d, J=6.5 Hz, 6H), 0.95 (d, J=6.5 Hz, 6H),
1.11~1.19 (m, 6H), 1.26~1.37 (m, 6H), 1.42~1.63 (m,
4H), 1.75~1.76 (m, 2H), 1.84~1.89 (m, 2H), 3.95~4.03
(m, 4H), 6.90 (s, 1H), 6.99 (d, J=8.5 Hz, 2H), 7.06 (t, J=
7.5 Hz, 2H), 7.11 (d, J=7.5 Hz, 4H), 7.25~7.29 (m, 5H),
7.36 (d, J=8.5 Hz, 2H); *C NMR (125 MHz, CDCl;) ¢:
19.68, 19.71, 22.58, 22.61, 22.68, 22.72, 24.68, 24.77,
27.94, 27.96, 29.77, 29.86, 36.12, 36.26, 37.21, 37.36,
39.20, 68.15, 68.39, 84.80, 86.83, 94.57, 113.99, 115.80,
116.15, 122.13, 123.53, 123.68, 124.98, 129.36, 132.44,
147.15, 147.88, 151.82, 154.18.

4-((2,5-(=(£)-3,7- = H I ) -4- (= T AR AL
LMED)RHL) LI )-NN-— BRI (8): k=T B8
[VOECHS) @ Mk =4 @ 143 235 2 iRy,
7% 67.9%. '"H NMR (500 MHz, CDCl;) §: 0.26 (9H),
0.82 (d, J=6.5 Hz, 6H), 0.86 (d, J=6.5 Hz, 6H), 0.94~
0.96 (m, 6H), 1.11~1.17 (m, 6H), 1.26~1.34 (m, 6H),
1.43~1.61 (m, 4H), 1.75~1.76 (m, 2H), 1.83~1.89 (m,
2H), 4.00~4.02 (m, 4H), 6.93 (s, 1H), 6.94 (s, 1H), 6.99
(d, J=8.5 Hz, 2H), 7.06 (t, J=7.5 Hz, 2H), 7.11 (d, J=8.0
Hz, 4H), 7.27 (d, J=7.5 Hz, 4H), 7.35 (d, J=8.5 Hz, 2H);
C NMR (125 MHz, CDCly) 6: —0.02, 19.67, 19.69,
22.58, 22.68, 22.70, 24.74, 24.77, 27.95, 27.97, 29.79,
29.88, 36.28, 36.29, 37.37, 37.38, 39.22, 39.30, 67.75,
67.84, 85.16,95.31,99.80, 101.27, 113.11, 114.61, 116.16,
116.62, 117.12, 122.09, 123.55, 125.02, 129.37, 132.48,
147.16, 147.90, 153.26, 154.16.

4-((2,5-(=(F)-3,7- = HHE 5 JE )-4- SRR
CARIE)-NN-Z FFE TG (9): FEJEMT AT B[ V(IE &%) -
V(A H R =4 D 13 BR B AMRY), 775 90.4%. 'H
NMR (500 MHz, CDCL3) 6: 0.82 (d, J=6.5 Hz, 6H), 0.87
(d, J=6.5 Hz, 6H), 0.95 (d, J=6.5 Hz, 6H), 1.11~1.18
(m, 6H), 1.26~1.35 (m, 6H), 1.45~1.65 (m, 4H), 1.70~
1.76 (m, 2H), 1.83~1.90 (m, 2H), 3.33 (s, 1H), 4.00~
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4.07 (m, 4H), 6.96 (s, 1H), 6.97 (s, 1H), 6.99 (d, J=8.5
Hz, 2H), 7.06 (t, J=7.5 Hz, 2H), 7.11 (d, J=8.0 Hz, 4H),
7.28 (d, J=17.5 Hz, 4H), 7.36 (d, J=8.5 Hz, 2H); "*C
NMR (125 MHz, CDCl;) d: 19.68, 19.74, 22.57, 22.60,
22.67, 22.70, 24.67, 24.77, 27.95, 27.97, 29.83, 29.89,
36.07, 36.26, 37.26, 37.37, 39.20, 39.21, 67.89, 67.97,
80.13, 82.10, 84.98, 95.38, 111.96, 115.03, 116.07, 116.61,
117.60, 122.08, 123.57, 125.03, 129.38, 132.51, 147.14,
147.95, 153.24, 154.16.

A-((4-(10-FL B -9- L He HE)-2,5-((£)-3,7- - Ak
SUHR)) SRR )-NN- R B R [ (10): K2 0T 43 B[ V(IE
Cpt) - A TR0 =3 L 13RI ER K, 773 29.3%.
m.p. 41~43 “C; '"H NMR (500 MHz, CDCl5) d: 0.79 (d,
J=6.5 Hz, 6H), 0.83 (dd, J=6.5 Hz, J=2.0 Hz, 6H), 0.98
(d, J=6.5 Hz, 3H), 1.01 (d, J=6.5 Hz, 3H), 1.07~1.52
(m, 14H), 1.66~1.71 (m, 1H), 1.76~1.87 (m, 3H), 1.92~
1.98 (m, 1H), 2.06~2.10 (m, 1H), 4.13~4.18 (m, 4H),
7.02 (d, J=9.0 Hz, 2H), 7.06~7.09 (m, 3H), 7.13 (d, J=
7.5 Hz, 4H), 7.20 (s, 1H), 7.28 (t, J=8.0 Hz, 4H), 7.41 (d,
J=9.0 Hz, 2H), 7.60~7.63 (m, 4H), 8.55 (d, J=8.0 Hz,
2H), 8.83 (d, J=8.0 Hz, 2H); *C NMR (125 MHz, CDCl,)
5: 19.73, 19.75, 22.53, 22.59, 22.64, 22.70, 24.65, 24.82,
27.91, 27.96, 29.92, 29.95, 36.43, 36.64, 37.39, 37.45,
39.20, 39.23, 67.74, 68.11, 85.45, 91.70, 95.73, 98.86,
113.10, 114.90, 115.80, 116.13, 116.51, 118.74, 122.08,
123.59, 123.95, 125.05, 126.59, 127.39, 127.64, 128.11,
129.39, 130.28, 132.53, 132.87, 147.14, 147.96, 153.47,
153.94.

4-((2,5-(—=(£)-3,7- = W I S 50 )-4-(10-(( = H 2k
TR ) el ) -9 LRI R ) B KL )-NN- R AR
J(11): FEJZHT B VOE kD) - SR =3 : 1115
FILLERAR, 77F 98.0%. m.p. 47~49 C; 'H NMR (500
MHz, CDCl5) d: 0.43 (s, 9H), 0.80~0.84 (m, 12H), 0.98~
1.01 (m, 6H), 1.09~1.54 (m, 14H), 1.66~1.70 (m, 1H),
1.77~1.88 (m, 3H), 1.94~1.98 (m, 1H), 2.08~2.11 (m,
1H), 4.14~4.19 (m, 4H), 7.02 (d, J=9.0 Hz, 2H), 7.07 (t,
J=17.5 Hz, 2H), 7.08 (s, 1H), 7.13 (d, J=7.5 Hz, 4H), 7.20
(s, 1H), 7.29 (t, J=8.0 Hz, 4H), 7.41 (d, J=8.5 Hz, 2H),
7.60~7.63 (m, 4H), 8.58~8.60 (m, 2H), 8.80~8.82 (m,
2H); “C NMR (125 MHz, CDCls) §: 0.22, 19.75, 19.76,
22.55, 22.60, 22.66, 22.70, 24.66, 24.83, 27.93, 27.97,
29.93, 29.97, 36.43, 36.63, 37.40, 37.46, 39.22, 39.24,
67.78, 68.11, 85.47, 92.22, 95.76, 99.54, 101.70, 108.06,
113.17, 114.93, 115.81, 116.16, 116.58, 118.01, 119.17,
122.09, 123.59, 125.05, 126.58, 126.87, 127.16, 127.57,
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129.39, 131.87, 132.40, 132.54, 147.15, 147.96, 153.47,
153.98.

4-((2,5-(=(%)-3,7- = H L5 I)-4-(10- LI -
9- LI IRHL) L pRIE)-NN- 2RI [ (12): AE 2 BT 4%
BVOE k%) - &) =3 T 11 B4 6K, ™~
% 98.8%. m.p. 73~75 ‘C; 'H NMR (500 MHz, CDCl;) 6:
0.79~0.84 (m, 12H), 0.98~1.02 (m, 6H), 1.08~1.52 (m,
14H), 1.66~1.70 (m, 1H), 1.77~1.85 (m, 3H), 1.94~
1.98 (m, 1H), 2.07~2.10 (m, 1H), 4.07 (s, 1H), 4.14~
4.18 (m, 4H), 7.02 (d, J=9.0 Hz, 2H), 7.07 (t, J=7.5 Hz,
2H), 7.08 (s, 1H), 7.13 (d, J=7.5 Hz, 4H), 7.21 (s, 1H),
7.29 (t, J=8.0 Hz, 4H), 7.41 (d, J=8.5 Hz, 2H), 7.61~
7.63 (m, 4H), 8.60~8.62 (m, 2H), 8.81~8.83 (m, 2H);
C NMR (125 MHz, CDCl5) d: 19.73, 19.75, 22.53, 22.59,
22.65, 22.70, 24.65, 24.82, 27.91, 27.96, 29.92, 29.95,
36.42, 36.63, 37.39, 37.45, 39.20, 39.23, 67.76, 68.10,
80.50, 85.44, 89.65, 92.03, 95.79, 99.62, 113.07, 114.99,
115.79, 116.12, 116.57, 116.86, 119.62, 122.07, 123.59,
125.05, 126.59, 126.93, 127.00, 127.61, 129.39, 131.79,
132.53, 132.66, 147.13, 147.97, 153.46, 154.00.

3-(10-((4-((4-( — H L F I ) I ) LPe I )-2,5-( =
(£)-3,7- = FIE R 5 ) Zope 3 ) B-9- e 36 ) K R
(SC4): HENT B[ VOECK) ML LHER)=1 @ 1114
Bk AR, P2 31.1%. mp. 72~74 C; UV-vis
(CHCly) Amax: 492 nm; '"H NMR (500 MHz, CDCLy) &:
0.81~0.84 (m, 12H), 1.00~1.03 (m, 6H), 1.11~1.53 (m,
14H), 1.68~1.70 (m, 1H), 1.79~1.98 (m, 4H), 2.09~
2.11 (m, 1H), 4.13~4.18 (m, 4H), 7.02 (d, J=8.5 Hz,
2H), 7.06~7.09 (m, 3H), 7.13 (d, J=7.5 Hz, 4H), 7.20 (s,
1H), 7.29 (t, J=8.0 Hz, 4H), 7.41 (d, J=9.0 Hz, 2H), 7.53
(t, J=7.5 Hz, 1H), 7.61~7.66 (m, 4H), 7.96 (d, J=17.5
Hz, 1H), 8.12 (d, J=7.5 Hz, 1H), 8.47 (s, 1H), 8.66 (d, J=
8.0 Hz, 2H), 8.82 (d, J=8.0 Hz, 2H); *C NMR (125 MHz,
CDCly) d: 19.76, 22.56, 22.60, 22.67, 22.70, 24.67, 24.83,
27.94, 27.96, 29.93, 30.00, 36.45, 36.66, 37.41, 37.48,
39.24, 67.75, 68.09, 85.53, 87.77, 92.29, 95.78, 99.81,
100.94, 113.13, 114.92, 115.71, 116.18, 116.52, 117.52,
119.49, 122.08, 123.58, 124.09, 125.04, 126.61, 126.96,
127.69, 128.77, 129.39, 129.87, 129.99, 131.91, 132.18,
132.54, 133.18, 136.48, 147.14, 147.93, 153.45, 153.99,
171.19; Anal. caled for C,;H;NO,: C 85.08, H 7.14, N
1.40; found C 85.21, H 7.05, N 1.47.

5-UR-2-(10-((4-((4-( = AR HLE ) K H) 2 pedk)-2,5-
((£)-3,7- HFEAE A L)) LR IE) BB -9- 20 e ) 2K )G
(13): FEZEH S VOE Ok © M TP =3 © 2145 21
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LR, P74 64.1%. m.p. 72~74 ‘C; 'H NMR (500
MHz, CDCl;) 6: 0.83~0.85 (m, 12H), 1.00~1.04 (m,
6H), 1.13~1.53 (m, 14H), 1.66~1.76 (m, 2H), 1.83~
1.86 (m, 2H), 1.94~1.98 (m, 1H), 2.04~2.06 (m, 1H),
4.06~4.15 (m, 4H), 7.01 (s, 1H), 7.02 (d, J=8.5 Hz, 2H),
7.07 (t, J=7.5 Hz, 2H), 7.10 (s, 1H), 7.14 (d, J=7.5 Hz,
4H), 7.29 (t, J=8.0 Hz, 4H), 7.40 (d, J=8.5 Hz, 2H), 7.46
(d, J=8.5 Hz, 1H), 7.53~7.60 (m, 5H), 7.71 (d, J=2.0
Hz, 1H), 8.58 (d, J=8.5 Hz, 2H), 8.69 (d, J=8.5 Hz, 2H);
3C NMR (125 MHz, CDCl3) 8: 19.77, 19.78, 22.57, 22.60,
22.69, 22.71, 24.68, 24.85, 27.95, 27.97, 29.95, 30.02,
36.47, 36.65, 37.43, 37.51, 39.25, 67.66, 68.01, 85.60,
92.25,94.52, 95.85, 97.16, 100.46, 112.91, 115.01, 115.50,
115.64, 115.98, 116.17, 116.41, 116.87, 120.76, 121.71,
122.06, 123.59, 125.05, 126.26, 126.58, 126.82, 127.32,
127.65, 129.39, 131.63, 132.33, 132.52, 133.23, 135.08,
135.57, 147.13, 147.92, 153.37, 153.97.

2-(10-((4-((4-( = R B2 ) KAL) Lo pe i )-2,5-(—
(£)-3,7- = L5 0E)) PRI B-9- L IE)-5-((=
Bk B ) &oB R ) IR TG (14): KRR AT > B VI &
o) - AW EE) =3 1 213 Bk R, 772 91.7%.
m.p. 59~61 ‘C; '"H NMR (500 MHz, CDCl;) 6: 0.29 (s,
9H), 0.82~0.85 (m, 12H), 1.00~1.03 (m, 6H), 1.11~
1.53 (m, 14H), 1.66~1.77 (m, 2H), 1.83~1.87 (m, 2H),
1.94~1.98 (m, 1H), 2.05~2.09 (m, 1H), 4.09~4.16 (m,
4H), 7.02 (d, J=8.5 Hz, 2H), 7.04 (s, 1H), 7.07 (t, J=7.5
Hz, 2H), 7.13 (d, J=7.5 Hz, 4H), 7.16 (s, 1H), 7.29 (t, J=
8.0 Hz, 4H), 7.41 (d, J=9.0 Hz, 2H), 7.56~7.64 (m, 5H),
7.71 (d, J=8.0 Hz, 1H), 7.78 (d, J=1.5 Hz, 1H), 8.66 (d,
J=8.5 Hz, 2H), 8.74 (d, J=8.5 Hz, 2H); *C NMR (125
MHz, CDCLy) §: —0.24, 19.76, 22.56, 22.60, 22.67, 22.70,
24.67, 24.83, 27.93, 27.96, 29.93, 30.01, 36.46, 36.65,
37.41, 37.48, 39.24, 67.70, 68.05, 85.57, 92.28, 95.23,
95.86, 97.96, 99.29, 100.47, 102.28, 112.95, 114.64,
115.05, 115.59, 116.13, 116.17, 116.48, 117.51, 120.79,
122.07, 123.51, 123.58, 125.04, 126.65, 126.88, 126.91,
127.39, 127.67, 129.39, 131.72, 132.22, 132.46, 132.53,
135.38, 135.90, 147.13, 147.93, 153.41, 154.02.

2-(10-((4-((A-( = A B IR ) K JE) 4 dk)-2,5-( =
(£)-3,7- AR L)) IR B-9- bR JL)-5- Zophe ik
KHEFEAS): HEN B VOECE) : M & k)=
32RO AK, PR 94.2%. mp. 54~56 C; 'H
NMR (500 MHz, CDCl5) 6: 0.83~0.85 (m, 12H), 1.00~
1.04 (m, 6H), 1.13~1.42 (m, 12H), 1.46~1.53 (m, 2H),
1.66~1.86 (m, 4H), 1.93~1.98 (m, 1H), 2.03~2.07 (m,
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1H), 3.24 (s, 1H), 4.06~4.14 (m, 4H), 7.00 (s, 1H), 7.02
(d, J=8.5 Hz, 2H), 7.07 (t, J=17.5 Hz, 2H), 7.10 (s, 1H),
7.14 (d, J=7.5 Hz, 4H), 7.29 (t, J=8.0 Hz, 4H), 7.40 (d,
J=9.0 Hz, 2H), 7.53~7.61 (m, 6H), 7.71 (s, 1H), 8.60 (d,
J=8.5 Hz, 2H), 8.69 (d, J=8.5 Hz, 2H); C NMR (125
MHz, CDCls) d: 19.76, 19.77, 22.56, 22.60, 22.69, 22.70,
24.67, 24.84, 27.94, 27.96, 29.94, 30.02, 36.46, 36.65,
37.42, 37.50, 39.25, 67.65, 67.99, 81.22, 85.62, 92.28,
95.34, 95.82, 97.75, 100.50, 112.91, 114.56, 114.99,
115.49, 115.99, 116.18, 116.38, 117.39, 120.86, 122.06,
122.30, 123.57, 125.03, 126.58, 126.84, 127.30, 127.33,
127.65, 129.38, 131.63, 132.17, 132.40, 132.52, 135.48,
135.90, 147.12, 147.91, 153.36, 153.97.

3-((3- e -4-(10-((4-((4-( K FE R I K HL) b
H)-2,5-(Z(F)-3,7- B AUAL)) Sp kL) E-9- £ k)
HHEY ZHe F ) K R (SCS): AR & [V(IE &
fi) t MCTR SR =1 D 1113 B8R, 772 39.2%.
m.p. 195~198 C; UV-Vis (CH,CL) Amax: 517 nm; 'H
NMR (500 MHz, CDCl;) 6: 0.83~0.86 (m, 12H), 1.00~
1.03 (m, 6H), 1.11~1.39 (m, 12H), 1.47~1.53 (m, 2H),
1.63~1.83 (m, 4H), 1.92~2.04 (m, 2H), 3.98~4.10 (m,
4H), 6.91 (s, 1H), 6.98 (d, J=8.5 Hz, 2H), 7.02 (s, 1H),
7.06 (t, J=7.5 Hz, 2H), 7.11 (d, J=7.5 Hz, 4H), 7.27 (t,
J=8.0 Hz, 4H), 7.35 (d, J=8.5 Hz, 2H), 7.39 (t, J=7.5
Hz, 1H), 7.48~7.63 (m, 7H), 7.68~7.73 (m, 1H), 7.99 (d,
J=17.5Hz, 1H), 8.11 (s, 1H), 8.55 (d, J=8.5 Hz, 2H), 8.64
(d, J=8.5 Hz, 2H); '*C NMR (125 MHz, CDCl;) §: 19.77,
19.80, 22.62, 22.72, 22.75, 24.73, 24.87, 27.97, 28.01,
29.97, 30.09, 36.49, 36.69, 37.48, 37.58, 39.27, 39.30,
67.51, 67.84, 85.74, 88.20, 91.90, 92.31, 95.37, 95.68,
97.97, 100.52, 112.81, 114.23, 114.70, 115.17, 115.99,
116.33, 117.43, 120.79, 122.11, 122.16, 122.69, 122.78,
123.48, 124.95, 126.41, 126.62, 126.79, 127.22, 127.61,
128.57, 129.36, 130.16, 131.48, 131.92, 132.24, 132.50,
132.53, 133.23, 134.76, 135.18, 136.47, 147.14, 147.74,
153.23, 153.85, 170.95. Anal. calecd for CgyH74N,O4: C
85.22, H 6.62, N 2.48; found C 85.37, H 6.52, N 2.55.

1.4 HHIHE

FURA F-SnO, M3 IS F B A5 S 2 AT IH Ve,
HKFN b, (ERUVORY N, a8 22 Y B R 4
ARUSVE| 2% TiO, 492K S, 5.8 pm JEGEWIZ, H1 20 nm
JEA YK BRI RL). ] TiCly A FE 2 5, TiO, Bk
ANEEEY) SCS I H KRB 12 h. Wb T 44k
TiO, FAARANEFINT FEAR Bl 20 252 RO BH B Ha i, FAs 70 bk
JE(30 um JE)PE I 7S B R (R 9 A B A2 b v
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FEL A S5V (0.6 moleL ™" 1,2~ F -3 1 Py Rk s £ |
0.1 moleL ™' AL, 0.05 molsL ™' flFI 0.5 moleL ™" 4-#X
TIEMEBE K L), WA BB VE R, i o)
HR /N FLIRE N i trb . B, R v bR 4
NFL, IR B, SE BRIt R A
2 #R54He
2.1 Bt &Y UV-Vis HikiTie

X EEAL S SCT (nax =373 nm, £=43576 Lemol '
em YA SC2 (Aimax =374 nm, £=91503 Lemol 'ecm ")ff]
UV-Vis OGRS, a7 Wik & NaE S &
X531 UV-Vis e KR A (Aina) TG W 25200, {H S
IR R B () TE 77 T N TS IR A AR I & W 3
4% DSSCs HHE I BIL TS TiO, 45 & A 53 2L
e fH. RBHGIE RE B4R S 5 K EAE 500 nm Ay, PR
I3RS AR RO N5 T UV-Vis Sk KR
A, ARG UV-Vis e RIS K:, Al
HIEA T AGINEIBE T AW SC3 (A =484
nm, £=41209 Lemol 'scm '), MIL UV-Vis Jeifb ik
FILB| TN AR, (HAY SC3 (i i) B %,
BELZIME PC NMR s, IR AR LA
APAE— 5 8. R BRAT V& i T B4 SC4, ek
AW SC3 (LA I, HEIn—/N(F)-3,7- = LA SR AL
ARV HRIN R G 0 3 1 I AYE. (G SCA (e =
492 nm, £=43278 Lemol 'ecm ") R T A1E M UV-Vis
R, JF BT RAF. BATT P A T
W HL TR — M5 N T —A ON SRR BRI 45 0 oK
NI 788y, Wit AR T HAED SCS (=517
nm, e=73230 Lemol 'ecm ™), F{L&H SC4 ML, b
) SC5 111 UV-Vis I KIS KGN T 25 nm, ¢ {6 2%
Pem. MIGIEME R BA, E SCS Kl feffEh— M
R [¥) DSSCs BUib . SRR rh AL, {54 SCS W
£ TiO, JE B UV-Vis WIBOG R HEE T B B0
(Amax=477 nm), XN %5454 SC5 1E TiO, K [ &
H-Z8 44 XU {49 SC1~SC5 ¥ UV-Vis IO G
w1 R, BERA, BT KT R T
UV-Vis 5 K Kk 2 7 3 2E/EH.
2.2 BiREYTELRFEL KPR SE B it B K A

h TN R RS H bR EI{E DSSCs A1) W
AT, ASCEILA ) SCS BT T Yo AR Mt sEl
E. B2 BoR TALE Y SCS 2H 2% 1K B S Fth 5 1%
# 4k % K (incident photon-to-electron conversion effi-
ciency, IPCE) k. tHIE %0, T % b & Wal2m
DSSCs 1) IPCE {H i Kik#| 64%, 1fii HAE 350~580 nm
(R A TR B S0% LA F, 7E— N K K B i A
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Figure 2 IPCE spectrum of SCS sensitized DSSC
HA RAFRDGHR AR, Z5AEY) SC5 /) UV-Vis
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Figure 3 Photocurrent-potential (/-V) curve of SC5 (AM 1.5,
100 mW/cm®)

Chin. J. Org. Chem. 2012, 32, 1261~1269



Chinese Journal of Organic Chemistry

ARTICLE

a5 2L G RHEC K BH RE HL I 1 A0 I H U 2%
Je=8.0 mW/em®, JFHHIE V,.=0.75 V, AR TN
FF=0.70, SOCHEIMAE n=42%. HPaRHILEY)
SC5 & —Fh itk fig B 471 DSSCs ik 71, e T 2B &4
7t DSSCs J7 [ 5T H 37 IEAEE—20 R JT.

3 &g

ARSI Sonogashira fFH i W 5 PR3 3 TMS(—H
FEREIE) I B N RIS I, A T — RSILL N,N-
TORFENWT AR, BIE N TR, DT B R NI
HUMF I J5 A A1) SC1~SC5. R ki s, 5T
AR REAT IS, Bt B A A AN R SR Y s H DT
W Tt HARsr 7. e TN SIS EM RS EH
(155 BREATT, B0 T IR B UV-Vis W K il e K
BT e Fe S o AP K A, vt & i T H Atk
&) SC5. 7E AM 1.5, 100 mW/em? [RURIIDE T,
SC5 1E Bk 7 £ LR OR B e i, RGeS
P HILF] T 4.2%.
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