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5o MEsd A Tk ANA $AS FHAQD Ao, AREA AskA Sl FAsA A = A
A g AN AL AST 5 ootk @ dalde] FEE 0.01 - 99 3%l Ze] Fow, 0.1 -
30 Sl ol U whgA s,

3o] olalE F7] SAstel whgAE AAE AAY, 7] ANelE ¥ odEe oAt A ®
2 owrge] W97k a7 ANdel e Ae ohd,

E HES2 o2 B9V JAHA, Sl Al 2wk =] X (Sigma-Adrich) AFell A
2 FHFHATY. 1H Z 13C NMR =2FEZHL Varian Mercury 300 2FEZu|gHz, 44

Instruments CHNS-O EA 1108 #417|2, A& A~HAEHL JEOL JMS-SX102A 7|42 FAsAY. 53 2 @3~
= =

AEHL 27} Perkin-Elmer Lambda 2S UV-visible 2FEZwu]E 2 Perkin LS ¥33 AFE

<3 AGAF =A4> 3 AGAFA ZA BAS 100B(Bioanalytical Systems, Inc.)E AFg3sldtt. == g2
4, AFdT 9 ZEEE 9olo] Ao o]Fox 3dT A|=8E ARESETE. Ti0, A9 dx:e 4bshkd

@%Eﬂmngkm.dewﬂ 270 H]&2 0.1 (n-CHg) N-PFg o] &3}o] CH,CN Fell A A3kt

1) -B2R-R]A A 2] 7-TdEA-3-o|Ax2HZ2 g

Al A& A A-1, 7T-T]o| EA]-3-0] AZ 2 H 22U (5g, 16.47mmol) % MEEXRSAolm|=(2.91g, 16.47mmol)S &
REEF(100m) oA 2A413F Ft ‘%tﬂsﬁv}. °of &8t =Bmh)I A-E WM ¥, f715E w2
st gmladgor HAREFATH. fulE AF sl AAT T dojd nPYES FARvlEaH (&
MC:Hx=1:1, R=0.5)3}] FA Ao #A 3HES AT (785 70%).

1H NMR (CDCls): & 7.27 (s, 1H), 7.17 (s, 1H), 4.34 (t, J=6.0 Hz, 1H), 4.19 (t, J=3.9 Hz, 1H), 3.72

(m, 2H), 3.57 (m, 2H), 3.22 (m, 2H), 3.00 (m, 1H), 2.36 (oct, J=6.6 Hz, 1H), 1.97 (m, 4H), 1.26 (q,
J=6.6 Hz, 6H), 0.97 (d, J=6.6 Hz, 3H), 0.85 (d, J=6.9 Hz, 3H). 13C{1H} NMR (CDCl;): & 141.0, 131.3,

130.3, 125.0, 124.1, 107.2, 73.8, 64.2, 63.7, 61.9, 42.9, 28.8, 27.4, 27.1, 20.5, 17.0, 15.7, 15.6.
MS: m/z 381 [M+]. Anal. Calcd for CiglasBrNO,: C, 59.69; H, 7.38. Found: C, 59.42; H, 7.24.

I1) 9-(2,2'-H}o]E] @ M-5-)-A] A A| A1, 7-T] | EA-3-0|AZ=2dZ2 U (FFE 3a)

471 @A Dol 4 3gE(1g, 2.61mmol), 2-(2,2'-ulo]E] @ 9-5-2U)-4,4,5,5,-H Ee}HE-1,3,2-T] SAL R
22(0.915g, 3.132mmol), Pd(PPh3),(0.150g, 0.13mmol) = 2M K,C0; &% (2ml1)S THF(100ml) ZFolA 12A]7F
|ANS YAA7] L %(301111)7% AFE HUEE 7, f715S BEYst lvladigo
F SHdA] AAS F Aol FES ARrEIHI (LA MC:Hx=1:1, R=0.3)3}q
A Ao A SEES AT (FF 70%).

Mp: 189°C. 1H NMR (CDCls): & 7.42 (s, 1H), 7.32 (s, 1H), 7.15 (t, J=6.3 Hz, 1H), 7.08 (d, J=3.9 Hz,

1), 7.03 (d, J=3.9 Hz, 1H), 7.00 (d, J=3.3 Hz, 1H), 6.99 (d, J=3.3 Hz, 1H), 4.42 (t, J=5.1 Hz, 1H),
4.30 (t, J=3.9 Hz, 1H), 3.75 (m, 2H), 3.67 (m, 2H), 3.27 (m, 2H), 3.05 (m, 1H), 2.42 (oct, J=6.9 Hz,
1), 2.06 (m, 4H), 1.29 (q, J=7.1 Hz, 6H), 0.99 (d, J=6.6 Hz, 3H), 0.88 (d, J=6.9 Hz, 3H). 13C{1H} NMR
(CDCl3): & 139.8, 138.7, 136.4, 135.5, 133.9, 133.3, 132.2, 131.5, 130.3, 128.2, 127.4, 124.8, 122.1,

109.8, 72.7, 70.8, 65.8, 63.8, 62.7, 42.8, 28.8, 27.4, 27.2, 20.4, 19.3, 15.4, 15.2. MS: m/z 467 [M+].
Anal. Calcd for C27H33N0252:C, 69.34; H, 7.11. Found: C, 69.12; H, 6.95.
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II1) 9-(3,3'-t"€-2,2'-v}o| E]  A-5-YU )-A| =, A1, T-H | BEA-3-o|AZ 2 E 22 d (FE 3b)

2-(2,2'-nto] ] M-5-90)-4,4,5,5,~H Bt E-1,3,2-C] SALR S thalel]  2-(3,3'-tWE-2,2'-nlo B o -
5-9)-4,4,5,5,~HIEStiE-1,3, 2- T SARL ERHS AR Ae Alstas A7) @A 1D w49 A4S
6_}-0:1 —;jl—zﬂ ﬁl“qﬂ]—%e C/\/\T;]— (T% 65%)

Mp: 187°C. 1H NMR (CDCl3): & 7.40 (s, 1H), 7.29 (s, 1H), 7.24 (d, J=5.1 Hz, 1H), 6.95 (s, 1H), 6.91

(d, J=5.1 Hz, 1H), 4.42 (t, J=5.1 Hz, 1H), 4.29 (t, J=3.9 Hz, 1H), 3.77 (m, 2H), 3.63 (m, 2H), 3.26
(m, 2H), 3.05 (m, 1H), 2.40 (oct, J=6.9 Hz, 1H), 2.22 (s, 3H), 2.17 (s, 3H), 2.01 (m, 4H), 1.27 (q,
J=6.9 Hz, 6H), 0.99 (d, J=6.6 Hz, 3H), 0.89 (d, J=6.1 Hz, 3H). 13C{1H} NMR (CDCl;): & 139.0, 138.5,

137.3, 135.8, 134.1, 133.3, 130.5, 130.3, 129.4, 125.9, 125.3, 122.1, 121.0, 109.8, 72.1, 70.7, 65.8,
64.5, 63.8, 48.0, 31.9, 31.5, 29.2, 27.2, 27.1, 20.4, 19.4, 15.5, 15.1. MS: m/z 467 [M+]. Anal. Calcd
for C29H37N0252: C, 70.26; Hy 7.52. Found: C, 69.89; Hy 7.13.

IV) 9-(2,2'-H]&(3,4- A A B 2 :)-5-YU)- A&, A] 21, 7-HA FA|-3-o| Az edEg=ed (B3E 3c)

2-(2,2'-v}o]E] @ #-5-¢)-4,4,5,5 -HEZHE-1,3,2-t] AL L= tfj 21 4,4,5,5,-HEZHE-2-
(2,2',3,3'-HEg}sto)|=2-5 7' -HlolElol| = [3,4-p][1,4]1 ) SA-7-29)-1,3,2-C} SA B Z24(1.2782,  3.132mmo
D& A3 AL Astas A7) A 1D 593 348 F3ste] B4 J3FES AT (€ 77%).

Mp: 198°C. 1H NMR (CDCl3): & 7.55 (s, 1H), 7.42 H. Choi et al. / Tetrahedron 63 (2007) 1553.1559 (s,

1H), 6.23 (s, 1H), 4.43 (t, J=5.1 Hz, 1H), 4.34.4.25 (m, 8H), 4.24 (t, J=3.7 Hz, 1H), 3.74 (m, 2H),
3.66 (m, 2H), 3.26 (m, 2H), 3.03 (m, 1H), 2.41 (oct, J=6.9 Hz, 1H), 2.06 (m, 4H), 1.26 (q, J=7.2 Hz,
6H), 0.98 (d, J=6.9 Hz, 3H), 0.88 (d, J=6.3 Hz, 3H). 13C{1H} NMR (CDCls;): & 141.4, 137.8, 136.5,

136.0, 127.9, 126.8, 122.5, 121.5, 119.8, 116.9, 110.6, 105.4, 97.0, 92.9, 73.9, 73.1, 65.9, 65.1,
65.0, 64.7, 63.7, 63.3, 62.3, 42.9, 29.2, 27.5, 25.7, 20.6, 17.6, 15.8, 15.7. MS: m/z 583 [M+]. Anal.
Calcd for C:31H37N0652: C, 63.78; Hy 6.39. Found: C, 63.55; Hy 6.18.

V) 9-(5'-¥-2,2'-H}o]E] .3-5-)-A| A, A] A1, 7-To| EA-3-0o|AX 2 U Z 27U (3FE 4a)

71 @A IDolA 42 3%E 3a(0.22g, 0.47mmol)] F5= olgbE& &Moll, p-Buli(0.35ml, AF S 1.6M
S E o= lolA HIEFA T, 3A1ZF Fof, of7]o] DMF(0.05g, 0.7mmol)E o}= 3Jfo|A 0ColAq H7sh
3l 5% KOHZ A H3skgich.  wkg-gas galmlavlg oz dxsa fuls AAS § dojxl nd&Es Ayt 2
ARutEIRI (L MC:Hx=1:1, R=0.2)3td FA sF=S AT (& 75%).

M=)
=
ez

A

Mp: 186°C. 1H NMR (CDCl3): & 9.82 (s, 1H), 7.64 (d, J=3.9 Hz, 1H), 7.43 (s, 1H), 7.33 (s, 1H), 7.28

(d, J=3.9 Hz, 1H), 7.28 (d, J=3.9 Hz, 1H), 7.20 (d, J=3.9 Hz, 1H), 7.08 (d, J=3.9 Hz, 1H), 4.41 (t,
J=5.4 Hz, 1), 4.30 (t, J=3.7 Hz, 1H), 3.77 (m, 2H), 3.65 (m, 2H), 3.28 (m, 2H), 3.08 (m, 1H), 2.41
(oct, J=6.3 Hz, 1H), 2.02 (m, 4H), 1.29 (q, J=6.9 Hz, 6H), 0.99 (d, J=6.6 Hz, 3H), 0.88 (d, J=6.3 Hz,
3H). 13C{1H} NMR (CDCl3): & 182.6, 145.8, 143.2, 136.2, 134.5, 133.9, 133.3, 132.2, 131.5, 130.8,

128.2, 127.4, 124.8, 122.1, 111.8, 72.5, 70.1, 65.8, 63.8, 62.7, 42.8, 28.8, 27.4, 27.2, 20.4, 19.3,
15.4, 15.2. MS: m/z 495 [M+]. Anal. Calcd for CusHssNOsS;:C, 67.84; H, 6.71. Found: C, 67.36; H, 6.24.

VI) 9-(5'-x9-3,3'-tW|d-2,2' -1} E]  3-5-Y )-A] A, A A1, 7-T] | EA-3-0|Ax2dZ2Ed (FFE 4b)
SI3HE 3a di4lol SIRHE 3bE AMESE AL ALstae Y] @A V& TS FAHS SISt #mAl SpES
ATt (& 72%).

Mp: 179°C. 1H NMR (CDCly): & 9.82 (s, 1H), 7.58 (s, 1H), 7.40 (s, 1H), 7.29 (d, J=5.1 Hz, 1H), 6.98

(s, 1H), 4.41 (t, J=5.1 Hz, 1H), 4.29 (t, J=3.9 Hz, 1H), 3.74 (m, 2H), 3.63 (m, 2H), 3.27 (m, 2H),
3.07 (m, 1H), 2.41 (oct, J=6.9 Hz, 1H), 2.31 (s, 3H), 2.25 (s, 3H), 2.00 (m, 4H), 1.28 (q, J=7.2 Hz,
6H), 0.99 (d, J=6.9 Hz, 3H), 0.88 (d, J=6.3 Hz, 3H). 13C{1H} NMR (CDCls;): & 182.8, 143.0, 141.2,

140.4, 139.2, 138.4, 137.0, 130.5, 127.1, 126.0, 125.0, 122.9, 122.0, 120.6, 112.1, 73.7, 73.1, 64.0,
63.5, 62.3, 42.9, 31.9, 31.5, 29.1, 27.2, 27.1, 22.6, 17.4, 15.8, 15.7. MS: m/z 523 [M+]. Anal. Calcd.
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for CaHsNOsS,: C, 68.80; H, 7.12. Found: C, 68.55; H, 6.89.
VII) 9-(5'-¥"-2 2'-H]A(3,4-9 AT A B oM )-5-Y )-A] 2 A A1 7-T] 9 EA|-3-0|AZ2H=2Y (3}
E 4c)
3}tE 3a Aol FEE 3cE AHEI AL ALstuE Ay @A Ve 5Y3 TAHS Fyste] A4 ES
Y (& 75%) .
Mp: 186°C. 1H NMR (CDClsy): & 9.86 (s, 1H), 7.58 (s, 1H), 7.45 (s, 1H), 4.42 (m, 9H), 4.31 (t, J=3.7

Hz, 1H), 3.73 (m, 2H), 3.64 (m, 2H), 3.27 (m, 2H), 3.04 (m, 1H), 2.41 (oct, J=6.3 Hz, 1H), 2.08 (m,
4H), 1.27 (q, J=7.5 Hz, 6H), 0.99 (d, J=6.6 Hz, 3H), 0.88 (d, J=6.0 Hz, 3H). 13C{1H} NMR (CDCl3): &

179.6, 159.0, 156.0, 138.9, 137.7, 136.5, 133.4, 132.1, 130.5, 129.8, 128.7, 125.9, 124.9, 121.0,
106.9, 73.7, 73.3, 65.8, 65.4, 65.1, 64.7, 63.7, 63.3, 62.3, 42.3, 29.1, 27.2, 25.5, 20.7, 17.6, 15.8,
15.7. MS: m/z 611 [M+]. Anal. Calcd for CspHsNO;S,: C, 62.82; H, 6.10. Found: C, 62.55; H, 5.95.

VIII) 2-Alo}e-3-(5'-(A|2, A1, 7-H | BA-3-0| A2 U 2 2| T]d)-2,2'-1ulo| E| . #A-5-U) o} T H 4L (3§
£ la)

332 4a(0.38g, 0.76mmol)¥} AJo}=o}AEANO0.13g, 1.53mmol)e] EFES AFAXI 3 o]= MeCN(60ml)
2 9 HHI(0.07ml, 0.76mmol)ol H7}s}ar, %;}%@i% A1 7F For g ) ZkA) 71

AE FHol A AAS T doj 1P ES Ayt A FRefEad T (&8 NC:MeOH=2:1, R=0.6)3}] EA]
SEES AT (78 51%).

Mp: 225TC. 1H NMR (DMSO-ds): & 8.12 (s, 1H), 7.65 (d, J=3.3 Hz, 1H), 7.39 (d, J=3.6 Hz, 1H), 7.37 (d,

4m
o
x2
£
=
olo
op
2
tlo -
o
=
>
N
H

J=3.6 Hz, 1M), 7.35 (s, 1H), 7.32 (s, 1H), 7.22 (d, J=3.3 Hz, 1H), 4.37 (t, J=5.8 Hz, 1H), 4.28 (t,
J=3.9 Hz, 1H), 3.70 (m, 2H), 3.61 (m, 2H), 3.20 (m, 2H), 3.06 (m, 1H), 2.25 (oct, J=6.3 Hz, 1H), 1.90
(m, 4H), 1.19 (q, J=6.9 Hz, 6H), 0.94 (d, J=6.9 Hz, 3H), 0.82 (d, J=6.9 Hz, 3H). 13C{I1H} NMR (DMSO-
&) & 164.3, 150.6, 145.8, 142.3, 142.0, 141.7, 140.6, 136.6, 135.3, 134.8, 131.7, 126.9, 123.6,

122.5, 122.0, 119.1, 118.7, 73.7, 72.8, 64.2, 63.0, 62.5, 41.4, 29.7, 28.6, 28.2, 22.5, 17.0, 15.4,
15.3. MS: m/z 562 [M+]. Anal. Calcd for CsHaN:0,S,: C, 66.16; H, 6.09. Found: C, 65.78; H, 5.87.

IX) 2-Alohe-3-(5'-(A]£, Al21,7-T]  BA-3-0o|AZ 2 F S22t d)-3,3' -1 H[E-2,2'-H}o| | @ H-5-U) o} F
23t (3 1)

st3= 4a tialol] S3HE 4bE AR RS A9
% \:}J\Tj[‘ (TE 56%)

Mp: 212C. 1H NMR (DMSO-ds): & 8.03 (s, 1H), 7.55 (s, 1H), 7.32 (s, 1H), 7.28 (s, 1H), 7.15 (s, 1H),

ol

tals 7] @A VIID 9 $d3 4S5 st %24 shdhe

4.37 (t, J=5.3 Hz, 1H), 4.28 (t, J=3.9 Hz, 1H), 3.69 (m, 2H), 3.57 (m, 2H), 3.27 (m, 2H), 3.08 (m,
1H), 2.35 (oct, J=6.8 Hz, 1H), 2.20 (s, 3H), 2.17 (s, 3H), 1.90 (m, 4H), 1.18 (q, J=7.2 Hz, 6H), 0.94
(d, J=6.9 Hz, 3H), 0.83 (d, J=6.9 Hz, 3H). 13C{1H} NMR (DMSO-ds;): & 163.3, 149.0, 145.4, 144.8,

141.5, 137.8, 136.1, 135.6, 135.3, 134.8, 132.2, 128.9, 127.3, 125.5, 124.6, 124.1, 119.0, 73.8, 72.8,
64.3, 63.1, 61.5, 41.4, 40.4, 38.6, 29.7, 28.6, 28.4, 23.0, 17.2, 15.4, 15.1. MS: m/z 523 [M+]. Anal.
Calcd. for CssHzeN00,S.: C, 67.09; H, 6.48. Found: C, 66.79; H, 6.33.

X)  2-Aobe-3-(5'-(A]2, A1, T-H A FA-3-0l A X 2 22 2T d)-2,2"-H| £ (3,4~ B A-T A B 2. 3)-
5-9)otadAt (F3E 1c)

3H3HE 4a iAol SIHE 4cE ARESE AE Alflstare Y] 9 VIID S 43 34S Fdste] 54 sdE
% \:}J\Tj[‘ (TE 60%)

Mp: 232°C. 1H NMR (DMSO-ds): & 8.03 (s, 1H), 7.44 (s, 1), 7.35 (s, 1H), 4.42 (m, 8H), 4.35 (t, J=5.9

Hz, 1H), 4.27 (t, J=3.8 Hz, 1H), 3.70 (m, 2H), 3.57 (m, 2H), 3.16 (m, 2H), 3.10 (m, 1H), 2.35 (oct,
J=6.8 Hz, 1H), 1.93 (m, 4H), 1.17 (q, J=7.3 Hz, 6H), 0.95 (d, J=6.3 Hz, 3H), 0.83 (d, J=6.9 Hz, 3H).
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13C{1H} NMR (DMSO-ds): & 161.8, 155.9, 144.6, 140.9, 140.4, 135.9, 126.1, 125.4, 122.4, 120.1, 118.4,

118.1, 115.3, 109.1, 108.1, 104.7, 103.8, 72.5, 72.1, 67.2, 65.2, 64.4, 63.0, 61.2, 59.6, 47.3, 28.6,
230, 22.5, 20.1, 17.2, 15.5, 15.4. MS: m/z 678 [M‘I'] Anal. Calcd for CgnggNzOgSz: C, 61.93; H, 5.64.

Found: C, 61.56; H, 5.34.

[2Ad 2] 48RS IFHAY A=

a7 3gEe] AF-A 54S Frksl]l Y8, 1248 m Ti0, 5SS o] &ate] HIAAZ AxsAT. Tio,
Hlo] ~E (Solaronix, 13nm #He|AE)E 237 ZAESt] 12m F71€] Al Ti0, 55 Axstar, Fiheks 9@l
o2 Ho]AE(CCIC, HWP-400)E 8um T2 A2 Ti0, A4&ES A=x33TE.  ©] Ti0, o155 ZE&S 40mM TiCl,
goalog AYsta 500CANA 3087 AxeRT. HEd TES 60CE Y43 A VIID WA X)

ol

<
5
el AR SEE la WA Lo 22 §A(10mie] A S AT
2

s
Azxd & =5k B olghE Foll 0.3mM &
2ol ARG, dE-FFE Tio, A=53 Wa-thd=s Afolol Aoz 1288 HF(Surlyn 1702, 25

A=A dAE =it dejd SAoRE oMHEYED Fol 0.6 N
82X, 0.04 M I, 0.025 M Lil, 0.05 M Folt]& ElAloldlo]E Bl 0.28 N

[824 3] =9 98 2 dagsudnAs 24 23

71 GAVITD WA X)ellA Alzd & e 95 319E 1la WA 1c #4749 olghsolM el 4 2 23 =
AEHa: A4, 1br oA, 1e: HA), = Ti0, T Aol FA4A9 F3 2HAE- (lar Hefd-44, 1b: 2
Ry

2 i

=

A-HA-AA, 1c: &S ML

= AT}, T
450nmol A, 1b2] 4% 410nmell A, 1ce] 7% 500mmol A o 7| A .24

% 19 adZERY, SHHE lad §
AEEhi (05T, SHE 108 59 ~AEG e 44

ojglgt Apoli= = FjHES A &9 Ao 7IQlek=d], $3tE la WA 1c ZH7he] H A8} -3 (B3LYP/3-
21Goll w8l TD-DFTZ 4F&)E = 20 YebfAtH((a): 1a, (b): 1b, (c): 1lo). = 29| (a) E (b)ollA 2 E
v A% AdE 72 E2dI Held fY He] ESAE Ztmolal, oy AgE Zhe 2719 EHeld
FHlel 2@ztolty, = 29| (c)ollA BEE = 915 gl A E| Q7o) 2wuzh

a1, of&e] A Zhe v A(34-dE b SA g o) 2 Ztoltt, & 29 Bx FREHE, IFFE la
oF v & W, sFE 1be o E2ERHO i, FIFE lcv @ ESZEFC] Qlo] AW Mhes &
2

o2
oX,
it
=
flo
N
fr
A
T,
i)
w
S
2

weh, FFE 1la D 1lc 27 718EA FER(HOMO 2 LUMOe] ¥z ¢wB]g, B3LYP/3-21Gel ti&| TD-DFT=
AE)S = 30 YERAYTE. o] ZXFE HOMO-LUMO &17]7F oldd SR o 2HE Alolola &7 712 Ax B3
S o]FEAAS & F e, Fore &) fmE HAx BExo Wyl a8 HI EHE AL E 4 F

ol Ax 3eHE la WA 1c Z44Zhe] P8t e 2 sk A, 2 247 A8 FFES AFEEe] A
kA =) o] 33428} 3HEA (photoelectrochemical characteristics) 2@ IPCE AHEHS =4slo] & 4,
=1 ]

=

# 10 eEhAI

D dgomm(dn”mlen™) BV EfY BV Jemden™ WV 1%

1 462 (17400) 1.} 2 087 6,26 0,61 064 247
1b 422 (12,000 131 255 -LI8 0.5 0161 073 29
L 306 (31.500) 110 200 =090 226 035 059 0N
NT19 16.29 075 064 T8
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