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X 2-1. % L7z TF = VEERL T 0 R T A ~—.
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FEARONMKSEZITH Z & T Zn-FbA-Zn & Zn-ZnA-Zn #1571~

Ar Ar
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H —— Br Br Ar= -}

CHCls

= =

COOCH;z COOCH,

1 2

Ar

H—=TIPS
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Ar Br ————— A
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=
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_c 2 e
Et;N/THF

Zn-FbE-Zn : M=2H, R=CH; — Y% 7h.FbA-Zn : M=2H, R=H
e
Zn(OAc),
MeOH/CHCl,

NaOH
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2-2-3. Bk

DI, SBEEICB T 26 FEAZFMCEE Lz, S22 TORNET IV
IR T TITo 72,

5-(3',5"-Di-tert-butylphenyl)-15-(4'-methoxycarbonylphenyl)porphyrin (1)

To a CHCI3 (750 mL) solution of 3,5-di-tert-butylbenzaldhyde (0.56 g, 2.6 mmol),
2,2"-dipyrrolylmethane (1.00 g, 6.8 mmol) and terephthalaldehydic acid methyl ester
(0.70 g, 4.3 mmol), EtOH (4.0 mL) and trifluoroacetic acid (1.2 mL) were added. The
solution was stirred for 2.5 h at room temperature in the dark. Chloranil (3.06 g) was
added to the mixture, which was stirred overnight at room temperature. The reaction
mixture was quenched with EtsN (3.0 mL) and then evaporated to dryness. The crude
product was purified by column chromatography on silica gel with hexane/CHCI; (2/3)
as the eluent. The fraction containing the product was evaporated to dryness and was
reprecipitated from CHCI3 by the addition of MeOH. The mixture was filtered, to afford
1 (341 mgq) as a purple solid in 21% yield.

'"H-NMR (400 MHz, CDCls): § -3.08 (2H, s), 1.58 (18H, s), 4.14 (3H, s), 7.85 (1H, t, J
= 1.6 Hz), 8.14 (2H, d, J = 1.7 Hz), 8.38 (2H, d, J = 2.0 Hz), 8.50 (2H, d, J = 2.0 Hz),
9.04 (2H, d, J=4.6 Hz), 9.15 (2H, d, J = 4.6 Hz), 9.41 (2H, d, J = 4.4 Hz), 9.42 (2H, d,
J=4.4Hz),10.34 (2H, s).

5,15-Dibromo-10-(3',5'-di-tert-butylphenyl)-20-(4'-methoxycarbonylphenyl)porphy
rin (2)

To a CHCI3 (30 mL) solution of 1 (90 mg, 0.14 mmol) was added N-bromosuccinimide
(NBS) (51 mg, 0.28 mmol) and pyridine (2.0 mL) at 0°C. After being stirred for 10 min,
the reaction was terminated by the addition of acetone (30 mL), and evaporated to
dryness. The residue was dissolved in CHCI3, and reprecipitated by the addition of
MeOH. The mixture was filtered, to afford 2 (112 mg) as a purple solid quantitatively.
'H-NMR (400 MHz, CDCls): 6 -2.70 (2H, s), 1.46 (18H, s), 4.14 (3H, s), 7.83 (1H, t, J
=2.1Hz),8.01 (2H, d, J = 2.0 Hz), 8.26 (2H, d, J = 8.3 Hz), 8.27 (2H, d, J = 8.1 Hz),
8.78 (2H, d, J =4.6 Hz), 8.89 (2H, d, J = 4.6 Hz), 9.63 (2H, d, J = 4.4 Hz), 9.64 (2H, d,
J=4.4Hz).

5-(Triisopropylsilylethynyl)-10,15,20-tris(3’,5'-di-tert-butylphenyl)porphyrinatozin
c(11) (4)

5-Bromo-10,15,20-tris(3',5'-di-tert-butylphenyl)porphyrinatozinc(ll) (3, 305 mg, 0.30
mmol) was dissolved in anhydrous toluene (60 mL) and distilled EtsN (15 mL) under
argon, and the mixture was degassed by three freeze-pump-thaw cycles. To this solution
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were added Pd(PPhs),Cl, (24.0 mg, 34 pmol ), Cul (8.02 mg, 42 umol), and
triisopropylsilylacetylene (1.40 mL, 6.24 mmol). After being stirred for 3 h at 30°C, the
reaction mixture was evaporated to dryness. The crude product was purified by silica
gel chromatography with hexane/CHCI; (7/3) as the eluent. The fraction containing the
product was evaporated to dryness, and dissolved in CHCIs;. The product was
reprecipitated by adding a small amount of MeOH, to afford 4 (282 mg) as a purple
solid in 85% vyield.

'H-NMR (400 MHz, CDCls): 6 1.43 (21H, m), 1.50 (18H, s), 1.53 (36H, s), 7.77 (1H, t,
J=17Hz),7.79 (2H, t, J = 1.7 Hz), 8.03 (2H, d, J = 2.0 Hz), 8.06 (4H, d, J = 2.0 Hz),
8.92 (4H, m), 9.04 (2H, d, J = 4.6 Hz), 9.82 (2H, d, J = 4.6 Hz).

5-Ethynyl-10,15,20-tris(3",5'-di-tert-butylphenyl)porphyrinatozinc(l1) (5)

To a tetrahydrofuran (150 mL) solution of 4 (280 mg, 0.25 mmol) was added 1.0 M
tetrabutyl- ammonium fluoride in tetrahydrofuran (0.80 mL), and the mixture was
stirred for 15 min. The reaction mixture was evaporated to dryness. The residue
dissolved in CHCI; was washed with water, and the organic phase was dried over
Na,SO,. After removing the drying agent, the filtrate was evaporated to dryness, to
afford 5 as purple-red solid.

'"H-NMR (400 MHz, CDCls): 6 1.52 (18H, s), 1.55 (36H, s), 4.09 (1H, s), 7.79 (1H, t, J
= 1.8 Hz), 7.82 (2H, t, J = 1.8 Hz), 8.05 (2H, d, J = 2.0 Hz), 8.08 (4H, d, J = 1.7 Hz),
8.94 (4H, m), 9.04 (2H, d, J = 4.4 Hz), 9.73 (2H, d, J = 4.6 Hz).

5,15-Bis[[zinc(11)10",15%,20"-tris(3",5"-di-tert-butylphenyl)porphyrin-5'-yllethynyl]
-10-(3",5"-di-tert-butylphenyl)-20-(4'-methoxycarbonylphenyl)porphyrin
(Zn-FbE-Zn)

2 (84 mg, 10 pumol) and 5 (41 mg, 43 umol) were dissolved in anhydrous
tetrahydrofuran (60 mL) and distilled EtsN (15 mL) under argon, and the mixture was
degassed by three freeze-pump-thaw cycles. To this solution were added Pd,(dba); (1.7
mg, 1.9 umol) and AsPhs (4.2 mg, 14 umol). After being stirred for 18 h at 40°C, the
reaction mixture was evaporated to dryness. The crude product was purified by silica
gel chromatography with hexane/CHCI;3 (2/3) as the eluent. The fraction containing the
product was evaporated to dryness, and dissolved in CHCIls;. The product was
reprecipitated by adding a small amount of MeOH, to afford Zn-FbE-Zn (18 mg) as a
black solid in 68% yield.

'H-NMR (400 MHz, C4DgO): & -2.00 (2H, br), 1.52 (18H, s), 1.55 (36H, s), 7.89 (2H,
m), 7.94 (5H, m), 8.10 (4H, m), 8.18 (8H, m), 8.29 (2H, m), 8.53 (2H, d, J = 8.4 Hz),
8.57 (2H, d, J = 8.0 Hz), 8.83 (8H, m), 9.05 (2H, m), 9.10 (2H, m), 9.15 (4H, d, J =44
Hz), 10.42 (8H, d, J = 4.6 Hz). MS (MALDI-TOF): m/z 2549.2 (M", calcd 2549.3).

22



5,15-Bis[[zinc(11)10",15",20"-tris(3",5"-di-tert-butylphenyl)porphyrin-5'-yllethynyl]

-10-(3",5"-di-tert-butylphenyl)-20-(4'-methoxycarbonylphenyl)porphyrinatozinc(l1)

(Zn-ZnE-Zn)

To a CHCI3 (180 mL) solution of Zn-FbE-Zn (45 mg, 18 umol) was added saturated
Zn(OAc), in MeOH (2.5 mL), and the solution was stirred for 50 min at room
temperature. The reaction mixture was quenched with a saturated NaHCO3; aqueous
solution, and was washed with water. The separated organic phase was dried over
Na,SO,4 and filtered. The filtrate was evaporated to dryness, to afford Zn-ZnE-Zn (43
mg) as a brown solid quantitatively.

'H-NMR (400 MHz, C,Dg0):  1.52 (18H, s), 1.55 (36H, s), 7.89 (2H, m), 7.91 (2H, m),
7.94 (2H, d), 7.94 (1H, s), 8.11 (4H, m), 8.20 (8H, m), 8.26 (2H, m), 8.51 (2H, d, J =
8.4 Hz), 8.55 (4H, m), 8.85 (4H, d, J = 4.2 Hz), 8.86 (4H, d, J = 4.6 Hz), 9.07 (2H, d, J
= 4.6 Hz), 9.13 (2H, d, J = 4.4 Hz), 9.16 (4H, d, J = 4.4 Hz), 10.45 (2H, d, J = 4.6 Hz),
10.48 (6H, d, J = 4.6 Hz); MS (MALDI-TOF): m/z 2611.5 (M", calcd 2611.2).

5,15-Bis[[zinc(11)10",15",20"-tris(3",5" -di-tert-butylphenyl)porphyrin-5'-yl]ethynyl]
-10-(4'-carboxyphenyl)-20-(3',5'-di-tert-butylphenyl)porphyrin (Zn-FbA-Zn)

To a THF/MeOH (24/12 mL) solution of Zn-FbE-Zn (7 mg, 3 pmol) was added 1.0 M
NaOH aqueous solution (0.29 mL). After being refluxed for 15 h, the reaction mixture
was evaporated to dryness. Water and 0.1 M HCI aqueous solution (2.9 mL) were added
to the residue. The mixture was stirred for 1 h at room temperature, from which the
product was extracted with CHCI3. The solution was dried over Na,SO,, and filtered.
After the filtrate was evaporated to dryness, the residue was purified by silica gel
chromatography with CHCI; as the eluent, to afford Zn-FbA-Zn (3.8 mg) as a black
solid in 55% vyield.

MS (MALDI-TOF): m/z 2535.5 (M", calcd 2535.3). HRMS (ESI): m/z 1284.6496 ([M
— 2H + CH30H]?, calcd for C170H175N12,0sZn, 1284.6459).

5,15-Bis[[zinc(11)10,15%,20"-tris(3",5"-di-tert-butylphenyl)porphyrin-5'-yllethynyl]
-10-(4'-carboxyphenyl)-20-(3',5'-di-tert-butylphenyl)porphyrinatozinc(ll)
(Zn-ZnA-Zn)

To a THF/MeOH (24/12 mL) solution of Zn-ZnE-Zn (12 mg, 4.6 pmol) was added 1.0
M NaOH aqueous solution (4.97 mL). After being refluxed for 15 h, the reaction
mixture was evaporated to dryness. Water and 0.1 M HCI aqueous solution (9.55 mL)
were added to the residue. The mixture was stirred for 1 h at room temperature, from
which the product was extracted with CHCI3. The solution was dried over Na,SO,, and
filtered. The crude product was purified by silica gel chromatography with CHClI; as the
eluent, to afford Zn-ZnA-Zn (10 mg) brown solid in 83% yield.
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MS (MALDI-TOF): m/z 2597.2 (M", calcd 2597.2). HRMS (ESI): m/z 1316.6031 ([M
—2H + CH30H]2’, calcd for C170H178N12037Zn3 13166018)
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RGCHBZONT = OIREL D Z L n, BHRINZENAE L LUMO (%)
T AEMED BAMTERI SN =DEEEZOND, Lo T, ELE
M CHRIES 72 Zn-ZnE-Zn ® LUMO (Zxbisd 2 EA0IE. EEEOME L0 &AMl
(B VX —NIZAFEL > TWAH AR H 5 Z LIZITEET AR ERH 5,
L2, Zn'FOE-Zn Db D L0 bR (X —lZH D Z LIFMHEETH S,

#% 2-1 Zn-FbE-Zn, Zn-ZnE-Zn O YERE T — 4

Compound Absorption A max [nm] Emission A max [nml]
(e [10*Mem1])

Zn-FbE-Zn 435 (33.2), 484 (27.5), 581 (3.1) 671 836 (1 cx =484 nm)
(5.8), 789 (14.6)

Zn-ZnE-Zn 418 (32.0), 496 (38.5), 552 (3.7) 578 819 (1 ex =497 nm)
(3.6), 778 (17.2)

30



[ (A) ——7Zn-FbE-Zn
[ ——1ZIn-ZnEk-Zn
4 =
€
23
b
2,
o2
w
1
0
300 400 500 600 700 800 900 1000
Wavelength (nm)
(B) ——1Zn-FbE-Zn
——17Zn-ZnE-Zn
S
I
P
7
C
0]
IS

750 800 850 900
Wavelength (nm)

24, AL N IA~—DY 7 ra XX HTOAWRIRART MLk LD
B)FEN AT L.
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Current (a.u.)

—2Zn-ZnE-Zn
I I

i
| ——Zn-FbE-Zn
|

-1250 -750 -250 250 750 1250
Potential mV vs. Ag/AgCl

X 2-5. A LIz F = VHEERLT 0 ) R T A ~—DWIy 7V ARV E
7T A,

# 2-2 Zn-FbE-Zn & Zn-ZnE-Zn OfE{biE T E (vs. SCE)

Compound Erea [V] Eo [V]
Zn-FbE-Zn -0.91 0.55, 0.65, 0.81
Zn-ZnE-Zn -1.22 0.47, 0.63, 0.79, 1.21
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E/V

vs SCE TiO, Zn-FbE-Zn  Zn-ZnE-Zn -/ 15
A . -1.22V
4 Conduction —
band edge
104 -0.91V 0oy muni-1.04V
0.7V T;_zlv | $ 034V
-0.5 ¢+
O == e o o o e e e e e e e e
1 +0.2V
| 035V Q 02V
05T +0.47V
+0.55V

X 2-6. S LI F = )EERLT7 ) NI ~v—DT R LFX— Ll
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9-3-2. Zn-FbA-Zn % A\ 7= DSSC DY &2 #a e

£, Zn-FbA-Zn % A\ /- DSSC ZAF8L L | & OJCE AR DV ThET
L7z, ¥ 2-8 121%. Zn-FbA-Zn % v 7= DSSC @ IPCE A~/ kL% 7x¢,IPCE
A7 RV, 950 nm B H BN Y & R EaRAMDEREL T O E A
DBl ST, —J5, WFEDAT MR E g L7-4 . IPCE O A7 |k
R, BT 2 o BARICWE S T2BROWIN ALY FLOFIR E —B L7
Nol-, i, MBETFHIEDL 700 nm LV BEEAIICBW T, K THH 2%
EIRVMEA R LT, Zhid, AEICL s TRINENTEZETFE LTRIERREL
Y HETWHRNZ EEREBL TV,

ZDEWEROEENRORR A ET D, T RLF— LUz OWNWTHER
L7, X 2-7 128\ T Zn-ZnE-Zn O HEIREDBRLEN ) HARE S iz X 9
(B TEAMITE T RIEDOS T EED LUMO ([Cxhisd 28 LY bANIGE =T
FNF DTS > TV D AMEEMENRE 2 b5, 165> T, Zn-FbE-Zn IZBAL
Th, HEILEM TIE LUMO (ZxHET 2 EME D bAMIZEFEL > T,
B FEANMMLERT R — L2 H LTV WAREMENEZ 5D,

20

15

IPCE (%)
[N
o

0

400 500 600 700 800 900 1000
Wavelength (nm)

2-8 Zn-FbA-Zn %\ 7= DSSC ® IPCE A~7 kL.

34



2-3-3. Lil IRINC K 2 EBAFIEARIROUGE

ORENLIBALT ¥ o ~OBETEANDROLEL B E LT, Lil InghEic->
W L7z, X 2-9 1R 7 & 912 Lil ZEARRICIRNT 5 & Litosig b 4% o
K EHAERHT 2 L TETF X B8O R AT — LUK T T 52
ENRRESNTND, ZOHMEEZHAL, BbFZ MO R NLF— L%
HE+T 52 L TOFEOLUMO L DR LX—F v v 7ORELK T,

#£ 2-3 ITIFKNHBLER T A —2 D Lil BEEEKGFMHICHOWTE DT, Voe
1%, B O LAl JEEE NN B I2 > TR T L7, DSSC OBKEFEILZ, =
TRV Ry 7 RN L BLT Z U ORER T E DT RV FXF—ZTHEIND
720, AZRICBWTH LitORINC L » TREHO T RLF— LUK T LT
WD ZEDNRBE T, BEEREBE JlZ oW TIE, LIEEN 1.0MIZRD
FCHIMLZ, 2T, mEHMEZ R L X —[llc> 7 F L7=Z & T©LUMO &
DTN —F v v IR L, EFEAEENENLZ7-207EEE2 015,
—5. 20 M DO Lil #&ATEEE T e N LTz, ZOFRKRO—>2E LT, U
FTULAFTOEINZEY I TFELV Ry 7 ZAOPEBOEEDMET L7272 Tk
WnEEZ LD,

TRV —BHNRIZONW T T 5 & Lil OPINC X 0 EEEREE J
(X E L7223, EAUC VBRI E S KRIEIZD L2729, fERE LTI 0.1 M
O Lil 5L a0 kb EVEEZ R LT,

iz £t Ll OB X - TEFAEAZEOM LICkEh LB 25
N5, — 57T, Ll OFINEBEKELEOKR T2 2D, R E L ik biRE
MRV 0.1 M DGE N L —BHhFE L U CLEVWEZ R LTz,
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F 2-3 NEAHRHED Lil R
Lil 32 (M) Voc Je FF 7
%) (mA cm™) ) (%)
0.10 0.40 0.92 0.62 0.23
0.50 0.30 1.13 0.58 0.20
1.0 0.25 1.26 0.59 0.19
2.0 0.21 1.01 0.57 0.12
E/V
vsSCE  Tjo, Zn-FbE-Zn 1/ 15
A
Conduction
band edge -091V
HEN
-0.7V $ 021V
-+ I
Li*%h R $ }1*;u¥—¥w7wﬁx
-0.5 ¢+
0 =t o o e e e
+0.2V
T —
05 4+ | 0.35V
+0.55V

2-9. Lil I K DT & AREA F w6 sd 2 BmALDOZEAL.
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2-3-4. Zm-ZnA-Zn % A\ 7= DSSC O ¥ E Al E

TR X— L UL DOELE T Zn-FbA-Zn LV HLERLT ¥ o ~DE1FEADGE L
TW3 EEZ b5 Zn-ZnA-Zn % A 7= DSSC DS EEHAEFEIC OV THRIGT L
72o X1 2-10 121X, ZnZnA-Zn T A ~—%LT ¥ EMIZEE S ETZEOR
FOWIN AT ML (EDZER LT, O DRIERFT ORI AT hv (R
&R Uiz, Wi, Zn-FbA-Zn & [Flkk, BRbT % NClET 5 2 & TR
HZ A~ 100 nm BEEMICY 7 b L, BILTZ U CW]ET 52 & TOED
il = L= LTV D Z E R E T,

X 2-11 121%. Zn-ZnA-Zn % 7= DSSC @ IPCE A7 k&R LT=, L
D 7= Zn-FbE-Zn % H\ 7= DSSC ® IPCE A7 hLVH R L7-, Zn-ZnA-Zn
% H\ 72 DSSC OAMEREF2h5R1Z. 700 nm L ¥ & EIEMICTHRAR 7 %DfE %
RL7=, £72 400 nm 7°5 870 nm DI EHEIEICEH T DA E 2R IT,
Zn-FbA-Zn % A\ 72 DSSC DZiL L W K 3fEmMEZ R~ Lo, Z DOfEHRIT, 2-3-1
TRV RNV —HATHEAT T T ENLMATE S, $bb, it L7z
EBELNLY BN RILF— L ~ULhk D Zn-ZnA-Zn 1% Zn-FbA-Zn |Z Lt~ 35
MOERLT 2 o ~DEFEANENRR EL TSI EEM LR EE 2
bbb, —H T, 870 nm LV b EHEMEL TOINBET2IZRIT Zn-FbA-Zn O
FREMEE /R LTz, 2, R CTOWRIR ALY s ZEBW T Zn-FbE-Zn
ORI Zn-ZnE-Zn I[CHA_RTRERAICIIE Lol B2 b b,

UL, ZnZnA-Zn 3T % o ~DOBEFHEANICKLE L SNLDHT RV
F—X v v 7% LTI HE b 61, ITRAEE O BT =R
T T% EIRVEICE o7, ZOZEnBMOBERNEZ SRS, AFENSER
bF % o ~DOEFIEADRIT, AROMEREOEMIOIKTET D, £ T,
AEFROFEREOFM, & ATEEACKE B 5 R EHEphE K E
DFMETRDLTD, AROBEAFMENE LT, Ak Lz F = LifER L
74V NIAT—DEMRIEOHE b, BREKE L THOY WS T R=FY
NTIHHETE R o772, FERNPELRD SEEORE(Mrv= | R
= kUL, DMF) % HWTHIE L7=(X 2-14, X 2-15), < DfEH, £ TOEMEIC
BT Zn-FbE-Zn & Zn-ZnE-Zn O NFFmITEE ps 026 M ns — 4 —Th
HIERDhoTo, —BRIZ, BENPORILT X o ~OEFEANIEE 7 = A
FOMWBEaPRBREORMTEZZ SN TS, TORH, ARIZEBWTH
EFM DB IEADRORERIK T AR ERIZ L ITZLEH W, 20206,
BFEALSOERPINBEFDEOR/TICRKELSEBLTNDEEZLND,
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Abs.(a.u.)

350 450 550 650 750 850 950
Wavelength (nm)

2-10. Aryl-Zn-ZnA-Zn OWIX A7 R VR : iR F28R b~ v
B).

20

——Z7Zn-FbA-Zn
——127Zn-ZnA-Zn

[EY
Ul

IPCE (%)
=
o

0 1 1 1 1 1 1 1 1

400 500 600 700 800 900 1000
Wavelength (nm)

2-11. B L7 s 94 ~—% 7~ DSSC ® IPCE 27 L.
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2-3-5. Zn-FbA-Zn & Zn-ZnA-Zn O i

AR THER LTc=TF = vilfER L7 0V T4 ~—0 HOMO & LUMO
DEFNF— LYV LR TEMNOD AEL 728 2 A, TR —L UL
DOER T, B SNT=BRZNORILT ¥ o ~OFEEANX, Zn-ZnA-Zn OJF
ML TWD Z ENRBINT, —FH., WKF ToOEEHFmITEk Lz taRit
28 ns THDHZ En, EHFMIFIRKER TIEeneEEZLo6hb, BILTFZ o~
® Zn-FbA-Zn % M\ 7z DSSC O JEEABRFIEIC DWW TR L7z & 2 A R4t
TEIR BT DA E TR, H2% Tho7z, ZORKE L TEFEAICKLE
R RN FX— LB H L TR WAREER B X 65, —J7, ZnZnA-Zn %
7= DSSC OB AERAFIEIZ SOV I, ITARIMEIRIZ IS 1T B AN &1 IER A3
Zn-FbA-Zn OZIZHATKR 3 EEVMETH D 7% %~ LT, bkt L72&E 125
X EVWT XL —% 1D Zn-ZnA-Zn 1T Zn-FbA-Zn (Z A EN S ERLTF #
VANDEATEANDENREH N EEXM LR EEZ NS, L LENRD,
Zn-ZnA-Zn 1 XRILT X o ~DEFFEAHLE L SNDZ RV —F ¥ v 7 &l
L TWDITE b b, RAEHEIR CTONREF2RIERVVEICE £ -
TEY, ZRxA X =LV PSNOER AT EFDRDOKRTICRESHFLE LT
WD ENRBENT, ZZT236 LETIEH 2HEORLT 4 VU T A ~—
D 9 BRI E WM B35 & /R L7z Zn-ZnA-Zn % VW C, B EARER
DS D ZER OUEZ L DM EF 2R OM Ea BfeT,
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2-3-6. Zn-ZnA-Zn % F\ 7= DSSC ® ik Xk 5t

[ 2-10 278 L7z Zn"ZnA-Zn % At 2 AZWFE LTZBEORIN A~ R v
FOBEBEF TORINART M ZEFELS D &, BT Z ACRkETHZ LT
WA R B T BRI 7 R LTCWWb, 202 LD Zn-ZnA-Zn 1XELTF
2 ECHRSBEREER L T AREMENRIE S NT-, BifE, DSSC 2B\ T
it T % v ETotFEO H AW RITIINRE FIEOR T 2/H< & &%
FBALNTEY . SEWEEROMMS % B & U7 LR EA ORI H A3 B2
bﬂfnéo%@t@\ﬁéﬁ_kmf%MM?&/tf@QQWﬁmﬂ%p
B IROETEZHN WA AR E 2 DD,

Z T TAF Y a—ABEO HESAG WIS R OWTRET LTz, £,
4 2-12 1R T L 92T FF v a— gz s S B EombT 2 > ETot
FROWILA T SV AZDW TRz, RS F OB EFE AN E 7 2 0
B 2R LTz, TAF Y a—ABOTRINCE Y, Q D 750 nm fFiT DWIL
MNELLBD LI Enb, TAFYa—@BN N 74 ~—0 HE2E5EKEKE
THEILTWD Z R Iz, —FH, Y — LHOEEEM ORI e — 7 ik
X, TAXF T a— LEBRORMEDOE KIZHEW Y v —T 12T, Y —LHOHE
FREMOWI ' — 71, Fv7 ¢ U ENICH D AEE il & 13 TR 72 B R B
FtoxzX by 7)o TIlmBEBESNG, mF = VEREARLVT ) T b
AX, ZF=AEENLTNDTD, BETIHRLT ¢ U VEBRP T = LRI
AL CHHEEETE 5, 207, HEEREEEN /NS WIERHF T, =F =1
HENLTEERORHRBRMEAENGFIET D2 ENMONTEY . 295 LI RZER
DIFETWIEE D 7 10— REH <, LER- T, ZOREIE, HEERIN - T
A ~— ®E%£$%4’g@%&fbfwé’&%?Wﬁé%@TﬁéoF?
A~ —O[alE R RN B AR I R T B OV TIE, 5 3 T
EE RSN

e T RN ZEEY O EAL DN & AR RIE TR BIT OV T, X 2-13
W2, TAF T a— BRI L7ZEED IPCE A2 MVEbE RS, B 1Y
BlIZH LT Ay a— L 10 Y& F TN E TR L, SR/ MEk
TR 8%DIEZ R LT-28, BICHI L7 100 Y& T+ 255 & a7,
X, TAF I ABORINC X D EM B EROR LR AN AE AR E
DWW E D SHHENROWAD N LRl -T2 72 s E 2 b5,
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2-13  Aryl-Zn-ZnA-Zn #H\ 7= DSSC @ IPCE A2 MOFT FF v a—
IR FEARATE.
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2-3-7. Zn-ZnA-Zn % F\ 7= DSSC DOiefb.F & » EEMK AL

R ER O RITEEREZEOBD L 72, (60O HIETRIEOWE
BEMEMESES Z ENTE IR RO ERMFGETE 5, 22T %
EFEOEMZ BN E LTRET ¥ v OEREZE0T 2 L2 Mt Lz, DSSC @
ERUCHT- 0 . BRLT ¥ ORI, 5, 10, 15, 20um O 4 FEEAZHEH L,
FTAX L a—LBEOWMEIZOWTIE 2-3-6 OMH T bEWEREEZ R L
10 equi. & N7z,

X 2-14 121% Zn-ZnA-Zn % i 7= DSSC OENELH T X —H Z il F 4
VIRECT ey b LR ERT, FEAAEREEIT. BE 15 um CRKMEZR
L. BHACEEIIEE O RICFEWEFICED Uiz, Ziud, BEEOHEMIC L -
TELT ¥ U ENTOETOILBEEMEN R 720 | SIS EmEICET 201
I3 L OWEBLFBEINEZ > TLENRT S Ro /BN E Z 6D, HEE
WEEICEA L Cid, BEOEEINC S WEAREOWEME Z 5 LIZEM S
DEBEPHE LAWRKEZ R LIZEEBE XD, BIRE I, BEEORMIC
LD KERETR DN -T2, 29 LEEIRRQAWNDL, HEEHESRLE L
TIZ10 um B EbEWVE (n=1.13 %)%~ L7,

UEFEEoDl, BILTFZ U OFEEZELS 752 & CRAGHEREITHML,
PRI EREIEIC 31T DM B2 3RITH 8 ffE T, — T, BbTF
2 UDFEEZELS 752 LI L5 aFERFEEOEINCIT, RAXNS D Z LR
e X iz,
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2-3-8. Aryl-Zn-ZnA-Zn % JH\ 7= DSSC Ol F Z R AEIEE

TF = VHFERLV T 0 N T A~ — TR EEN LR TR 3 ok & D
D, — N, BAbT ¥ AR T DL T & 2 k3 ~12nm OERE A
T 5720, BILT ¥ R DEWVIN N T A ~—OWEFENC L KT 3 AlHE
Mnd 5, & Z T, Aryl-Zn-ZnA-Zn % H\ 7= DSSC IZ8T DT % > ) /%L
T DRI FNZHO W TR LTz, X 2-15 3B BEE TONBLER T A —2 &7
2y NL7ZbDOTHDH, REVRIREZHWELAIE, BEEOHIC X &9 Bk
BEITIZE—EDHEE R LIz, —F., NS WRIREEZHWEGE TiE, REOH
IMZAEWBHACE I L2, ZhuE, /NS WRIRDO G RN LTF % o Dtk ih
BRRKREWTOMILT X o HOETE =3 7k A 4 & OB G S D2
EZIFRTWEDEEEZOND, EEEREEIL DSORZROITN, Hn
PR Tl KAEIZEE LTm, ZaUld. RN/ WER, kREEPIRKEWZD%
SOUOFEEWEFETEDHEDELEEZLND, ERICBW T, EEEREE I
D UTZBRHIZ W IR, FTO &g &S 2 W U=t Z ORRBESBENL 7= Z &1 &
D EMIEEDROE T NRRNOAREENEZ BND, 29 LEFRAWMNS T
FX =B RIL, KEVRRZAWESSICRbEWVEEZ R LT,
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2-21 Aryl-Zn-ZnA-Zn % i\ 7= DSSC OENELEH T A — X OfglbF ¥
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2-4 £&0

WNT 4 ) R REERONEEMBESILELZ By E LT, =F = LEfE R
74V N4 ~—%HNT= DSSC IZOWTHRF L=, & L7 =T = Lk
RN T 4V b TIAT—DTFILF— LY IE, FEEIRD LN D MLESM 2
7= L T2, Zn-ZnA-Zn % i\ 7= DSSC O/ &2 1%, Zn-FbA-Zn % i
Wb DL B 3 EELS ZRAFT—LULDEEKBLTWD I ERbho
7o Zn-ZnA-Zn OFNTEFRIFIT, IS A OB INCEE OIHIC L VK 3 1%
i EL, BRREEOHMCEBECIHNEETHLZ LR bhoTe, ELOD
HEIBIZ E Y ZnZnA-Zn O T 3RV X —ZE N 01X, 2.24%IZ2#E L, 780nm T
23% DI E TR E R LT2(K 2-22), ZD L HIZ, =F =)LEfERLT 0 U
74 ~—IL DSSC M & U THREET 2 Z L 3o 7oy, it
& BT EEh R ICRRE N R - T2,

35
30
25
20
15
10

5

0

IPCE (%)

400 500 600 700 800 900 1000
Wavelength (nm)

X 2-22 HE LS T O Aryl-Zn-ZnA-Zn % H\ 7= DSSC @ IPCE A7 kL,
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3-1. T ®IZ

DSSC 23T 2 B/ b -8R m COEBMIBEL, CRENORLT &
if@ﬁﬁ%ﬁ%’@dh%& v ETOBEOREREICEL > TRELZITD SN
TW5[65-69], LL72anss, ik kwf% ERMERZ b7 EH BN
MW E BT & o bl ’%é%éﬁmé} AR IE VIR DS AR IS 5 2. D
A Z SN TR 22 N2, ’\i?:wLﬁﬂ$w74JV7v
A TiE, WIRFIZ IV THEER O [A]#E 2 éﬁm‘iﬁfﬁ“é 728, Z 9 Lzl
ﬁi@%L@ EVWNZAERLT ¥ v ETOEMIBEIEE L KT T TS 2
bivd,

AW TIL, =T = VEFERLT 0 U > T A ~—OERTEENEDM i
HA9E LT, BRILTF X o ~DWET I — L7257 = =)V )VR RO E AL
EBDFBIZHOWTHE Lz, BRRICIE, K| 3-1 [T ko dkorr
T =)V HIVIR U EEE H D b T A ~—(Alkyl-Zn-ZnA-Zn), WDOHT = =)L I1)L
RUE b o 7 A ~—(Alkyl-ZnA-Zn-ZnA). T XTOFRNLT 4 U VBRIZT =
=NINVKRUEE SO R T A ~v—(Alkyl-ZnA-ZnA-ZnA) = 5 LT,

1 2 3
Alkyl-Zn-ZnA-Zn : Ry= Rg=-#{_— Rp=-{_)~COOH
Alkyl-ZnA-Zn-ZnA : Ry= Rg= +{_)~COOH R,= +{ ,—

Alkyl-ZNA-ZNA-ZnA : Ry;= Rp= Ry = - )~COOH

X 3-1. G L= F = )LVEtER LT 0 U v b T A ~—DfiE.
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3-2 FEkEr

3-2-1. = F = )LiHEER LT 40V T A4 ~—DEE

AW CIIEESR A5 EIC 3 BEOZF = LEERL T sV h A v—% 5
% L7-(Scheme. 3-1), £+ HRIBIPHEEHIZHNDRLT 4 VT ~v—%5H
KL, TNz 7wt L= TF = b =%, EHEED v 7Y v 7RG
WZED N IA~—D AT IVFHERE SR LT, ZAUTHEEZEAL, Kk
A 1T 5> Z L CHMW RS,

NBS
—— Br
CHCl,

1A: R—* 2A: R—*

1B:R= -{_)-COOCH; 2B:R= - )-COOCH,

=TIPS
__NBS _ Zn(OAC)z Pd(PPh3 ,Clp, Cul  TBAF .
CHCI3 MeOH/CHCI3 EtzN/toluene THF

1A: R—‘ 3A: R—‘ 4A: R—‘

1B:R= - )-COOCH;  3B:R= -{_)-COOCH, 4B:R=--(__)-COOCH,

Pd,dbag, AsPhy  Zn(OAc), NaOH
2B + 5A
EtzsN/THF MeOH/CHCl3 MeOH/THF
Pd,dbag, AsPh Zn(OAc), NaOH
2A + 5B 2% (27T — 20

_—
EtzN/THF MeOH/CHClg MeOH/THF

COOCH,

Pd,dbag, AsPh;  Zn(OAc),
EtsN/THF MeOH/CHCl,

NaOH

2B + 5B MeOH/THF

COOCH3 COOCH;3; COOCHj3 COOH COOH COOH
6C ZnA-ZnA-ZnA

Scheme 3-1. =F = )LEHERLT7 4V h T4 ~—DEK.
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3-2-2. il

- b EWIEE

500 MHz 'H-NMR A7 RLVOHRIEIZIE, BARE T AL40 #fEH L7=, 1k
Aoty 7 bk, EiEE (CDCly) D& 7 v k2 (7.26 ppm) 2 B HRIC LT,
BFEOHIZE LTIl . MALDI-TOFMS %<2 huiE,~ kU v 27 2% Dithranol
& L T Bruker Daltonics autoflex THIE L7-,

* 7 IEIE

RIRE SO LT Z N SE T OFOWIN A7 h Lk, BHARSE V570
F 21T EE UV3600 2 W THIE L7z, #ot A~ FUIZE LT, B RF503
ZRAWTHIE Lz, B/UZBEL TR, JEE lem OAFEEALEEEH LT,

bR E

Wy 7SV AR A A Y —(DPV)IiX, BASI00B/W =L 7 ra 7+ 7 A% —
ZAWTCHIE LUz, TEHEMRE X OSHRIX Pt # 6 L, 2R EMIZ 1L saturated
calomel electrode (SCE) &Mz H\ /=, BAEIAIIZL 0.1 M “BusNPFs ¥ X F
VAV LT X iRz Uiz, EALORIEICE L TiE, SMBEEREME & LT
Ferrocen / Ferrocenium (Fc /Fct) (EIE : ¥ A F ARV LT I K, BHEN
saturated calomel electrode (SCE), XFRFHEME : "BuuNPFe) ZHIE L., Z DOfE
% SCHME+0.45 V (ARBE : P AF ARV LT 2 R, BEM : SCE, XFEFFEMY
1BusNPFe) & Hi 92 2 & THIIE L7z, SMEEWORREIE 0.3 mM IZFREL L |
BEDEIXT NIRRT Y 7 CEAFEER ZRE LT,
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AHFFE T H =0 7 O E i bk L OVE 711X, B3LYP/6-31(G) & KBS
& LT Gaussian03 71 77 A CEHHE LT,

50



3-2-3. &K

DI, SBEEICB T 26 FEAZFMCEE Lz, S22 TORNET IV
IR T TITo 72,

5,15-Bis(1'-ethylpentyl)porphyrin (1A).

H H
M TFA Chloranil
\_NHHNZ ¥ CHClg, r.t. r.t.
O H

1A

To a CHCI; (0.80 L) solution of 2,2-dipyrrolylmethane (1.0 g, 6.8 mmol),
2-ethylhexanal (1.1 mL, 6.8 mmol), EtOH (4.0 mL) and trifluoroacetic acid (0.60 mL)
were added. The solution was stirred for 2.5 h at room temperature in the dark.
Chloranil (3.03 g) was added to the mixture, which was stirred overnight at room
temperature. The reaction mixture was treated with Ets3N (1.1 mL), and then
evaporated to dryness. The crude product was purified by column chromatography on
silica gel with hexane/CHCI3 (1/1) as the eluent. The fraction containing the product
was evaporated to dryness and was reprecipitated from CHCI; by the addition of MeOH.
The mixture was filtered, to afford 1A (0.66 g) as a purple solid in 38% yield.
'"H-NMR (600 MHz, CDCls): 6 -2.49 (2H, s), 0.67 (6H, t J = 7.2 Hz), 0.94 (6H, tJ = 7.3
Hz), 1.03-1.35 (8H, m), 2.75 (4H, m), 2.85 (4H, m), 5.00 (2H, s), 9.56 (4H, br), 9.72
(4H, br), 10.2 (2H, s). ESI-MS (MeOH): m/z 507.3 ([M+H]", calcd. for CasHasNa:
507.3).
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5,15-Dibromo-10,20-bis(1'-ethylpentyl)porphyrin (2A).

NBS

—_— = Br
CHCI3, 0°C

1A 2A

To a CHCI3 (0.25 L) solution of 1A (0.22 g, 0.43 mmol), N-bromosuccinimide (NBS)
(98 mg, 0.55 mmol) and pyridine (1.0 mL) were added at 0°C. After being stirred for
10 min, the reaction was terminated by the addition of acetone (30 mL), and evaporated
to dryness. The crude product was purified by column chromatography on silica gel
with hexane/CHCI; (1/1) as the eluent. The residue was dissolved in CHCI3, and
reprecipitated by the addition of MeOH. The mixture was filtered, to afford 2A (0.26
g) as a purple solid in 90% yield. ‘H-NMR (600 MHz, CDCls): 6 -2.51 (2H, s), 0.70
(6H, m), 0.86 (6H, m), 1.03-1.33 (8H, m), 2.80 (4H, m), 2.93 (4H, m), 5.12 (2H, s),
9.71 (2H, br), 9.80 (6H, br). ESI-MS (MeOH): m/z 663.1 ([M+H]", calcd. for
Cs4H41BroNg: 663.2).

5-(1'-Ethylpentyl)-15-(4'-methoxycarbonylphenyl)porphyrin (1B).

COOCH;
H H
= = TFA Chloranil
m * * CHCl, rt. rt.
O H O H
COOCH;
1B

To a CHCI; (0.80 L) solution of 2,2'-dipyrrolylmethane (1.0 g, 6.8 mmol),
2-ethylhexanal (0.44 mL, 2.8 mmol), terephthalaldehydic acid methyl ester (0.77 g, 4.7
mmol), EtOH (4.0 mL) and trifluoroacetic acid (0.60 mL) were added. The solution
was stirred for 5 h at room temperature in the dark. Chloranil (3.03 g) was added to
the mixture, which was stirred overnight at room temperature. The reaction mixture
was treated with EtsN (1.1 mL) and then evaporated to dryness. The crude product
was purified by column chromatography on silica gel with CHCI;3 as the eluent. The
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fraction containing the product was evaporated to dryness and was reprecipitated from
CHCI; by the addition of MeOH. The mixture was filtered, to afford 1B (0.43 g) as a
red solid in 28% yield. 'H-NMR (600 MHz, CDCls): 6 -2.82 (1H, s), -2.75 (1H, s),
0.67 (3H,t,J=7.3 Hz), 0.98 (3H, t, J = 7.4 Hz), 1.25-1.35 (4H, m), 2.83 (2H, m), 3.00
(2H, m), 4.13 (3H, s) 5.18 (1H, s), 8.34 (2H, d, J = 8.3 Hz), 8.48 (2H, d, J = 8.3 Hz),
9.39 (2H, d, J=4.4 Hz), 9.45 (2H, d, J = 4.6 HZz), 9.47 (2H, d, J = 4.7 Hz), 9.74 (1H, d,
J=4.0Hz),9.81 (1H, d, J = 4.2 Hz), 10.3 (2H, s).

5-Bromo-10,20-bis(1'-ethylpentyl)porphyrin (3A).

NBS

—2 Br
CHCls, 0°C

1A 3A

To a CHCI3 (750 mL) solution of 1A (0.62 g, 1.2 mmol), N-bromosuccinimide (NBS)
(0.17 g, 0.96 mmol) and pyridine (10 mL) were added at 0°C. After being stirred for
10 min, the reaction was terminated by the addition of acetone (250 mL), and
evaporated to dryness. The crude product was purified by column chromatography on
silica gel with hexane/CHCI; (1/1) as the eluent. The residue was dissolved in CHCI;,
and reprecipitated by the addition of MeOH. The mixture was filtered, to afford 3A
(0.39 g) as a purple solid in 55% yield. *H-NMR (600 MHz, CDCls): d -2.51 (2H, s),
0.65 (6H, t, J = 7.3 Hz), 0.94 (6H, t, J = 7.3 Hz), 1.28 (8H, m), 2.77 (4H, m), 2.92 (4H,
m), 5.04 (2H, s), 9.32 (2H, br), 9.59 (2H, br), 9.66 (2H, br), 9.85 (2H, br), 10.0 (1H, s).
ESI-MS (MeOH): m/z 584.2 (M", calcd. for CasH41BrN,: 584.3).
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Zinc(I1) 5-bromo-10,15-bis(1'-ethylpentyl)porphyrin (4A).

ZI’](OAC)Z
r— >
MeOH/CHCl3

3A 4A

To a CHCI3 (350 mL) solution of 3A (0.36 g, 0.61 mmol), saturated Zn(OAc), in MeOH
(30 mL) was added. After being refluxed for 2 h, the reaction mixture was treated with
a saturated NaHCO3; aqueous solution, and was washed with water. The separated
organic phase was dried over Na,SO,4 and filtered. The filtrate was evaporated to
dryness, to afford 4A (0.36 g) as a purple solid in 90% yield. ‘H-NMR (600 MHz,
CDCl3): 0 0.68 (6H, t, J =7.0 Hz), 0.90 (6H, t, J = 7.0 Hz), 1.12 (8H, m), 2.82 (4H, m),
2.98 (4H, br), 5.19 (2H, s), 9.38 (2H, m), 9.77 (2H, br), 9.85 (2H, br), 9.88 (2H, d, J =
4.3 Hz), 10.1 (1H, s). ESI-MS (MeOH): m/z 646.1 (M", calcd. for CssHzgBrN4Zn:
646.2).

Zinc(l1) 5,15-bis(1'-ethylpentyl)-10-ethynylporphyrin (5A).

H—=-TIPS
Pd(PPh3),Cl,, Cul TBAF
r

EtzN/Toluene, 50°C  THF

4A 5A

4A (0.41 g, 0.63 mmol) was dissolved in anhydrous toluene (100 mL) and distilled EtzN
(20 mL), and the mixture was degassed by three freeze-pump-thaw cycles. To this
solution were added Pd(PPh3).Cl, (49 mg, 70 umol), Cul (17 mg, 89 umol), and
triisopropylsilylacetylene (2.8 mL, 13 mmol). After being stirred for 3 h at 50°C, the
reaction mixture was evaporated to dryness. The crude product was purified by
column chromatography on silica gel with hexane/CHCI; (1/1) as the eluent. The
fraction containing the product was evaporated to dryness. The product was dissolved
in tetrahydrofuran (150 mL), and 1 M tetrabutylammonium fluoride in tetrahydrofuran
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(3.3 mL) was added. The mixture was stirred for 30 min, and evaporated to dryness.
The residue in CHCI3; was washed with water, and the organic phase was dried over
Na,SO4. After removing the drying agent, the filtrate was evaporated to dryness, to
afford 5A (0.29 g) as purple-red solid in 78% yield. 'H-NMR (600 MHz, CDCls): ¢
0.65 (6H, m), 0.87-1.10 (14H, m), 2.78 (4H, m), 2.98 (4H, m), 4.29 (1H, s), 5.30 (2H, s),
9.38 (2H, d, J = 4.1 Hz), 9.75 (2H, d, J = 4.4 Hz), 9.84 (4H, m), 10.08 (1H, s).
ESI-MS (MeOH): m/z 592.2 (M", calcd. for CagHaoN4Zn: 592.3).

5,15-Dibromo-10-(1'-ethylpentyl)-20-(4'-methoxycarbonylphenyl)porphyrin (2B).

NBS
—_—
CHCl3, 0°C

COOCH; COOCH3;
1B 2B

To a CHCI; (0.15 L) solution of 1B (0.15 g, 0.28 mmol) was added
N-bromosuccinimide (NBS) (98 mg, 0.55 mmol) and pyridine (1.0 mL) at 0°C. After
being stirred for 10 min, the reaction was terminated by the addition of acetone (30 mL),
and evaporated to dryness. The crude product was purified by column
chromatography on silica gel with hexane/CHCI3 (1/9) as the eluent. The residue was
dissolved in CHCI3, and reprecipitated by the addition of MeOH. The mixture was
filtered, to afford 2B (0.18 g) as a purple solid in 95% vyield. *H-NMR (600 MHz,
CDClg): 0 -2.85 (1H, s), -2.78 (1H, s), 0.64 (3H, t, J = 7.3 Hz), 0.96 (3H, t, J = 7.4 Hz),
1.19-1.31 (4H, m), 2.80 (2H, m), 2.99 (2H, m), 4.12 (3H, s) 5.14 (1H, s), 8.32 (2H, d, J
= 8.3 Hz), 8.46 (2H, d, J = 8.3 Hz), 9.36 (2H, d, J = 4.3 Hz), 9.44 (2H, d, J = 4.6 Hz),
9.46 (2H, d, J = 4.5 Hz), 9.72 (1H, d, J = 4.0 Hz), 9.80 (1H, d, J = 4.2 Hz). ESI-MS
(MeOH): m/z 699.1 ([M+H]", calcd. for C3sH33BrN4Oy: 699.1).

Br Br
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5-Bromo-10-(1'-ethylpentyl)-20-(4'-methoxycarbonylphenyl)porphyrin (3B).

NBS
—2 Br
CHCl3, 0°C
COOCH3 COOCH3
1B 3B

To a CHCI3(0.35 L) solution of 1B (0.43 g, 0.79 mmol), N-bromosuccinimide (NBS)
(0.11 g, 0.59 mmol) and pyridine (3.0 mL) were added at 0°C. After being stirred for
10 min, the reaction was terminated by the addition of acetone (100 mL), and
evaporated to dryness. The crude product was purified by column chromatography on
silica gel with hexane/CHCI; (2/3) as the eluent. The residue was dissolved in CHCI;,
and reprecipitated by the addition of MeOH. The mixture was filtered, to afford 3B
(0.26 g) as a purple solid in 53% vyield. *H-NMR (600 MHz, CDCls): d -2.77 (1H, s),
-2.85 (1H, s), 0.67 (3H, t, J = 7.2 Hz), 0.88-0.90 (2H, m), 0.98 (3H, t, J = 7.2 Hz), 1.08
(2H, br), 2.85 (2H, m), 3.00 (2H, m), 4.01 (3H, s) 5.22 (1H, s), 8.16 (2H, d, J = 7.0 Hz),
8.32 (2H, d, J=7.2 Hz), 8.85 (2H, d, J = 4.2 Hz), 9.22 (1H, m), 9.38 (1H, m), 9.69 (1H,
d, J=4.6 Hz), 9.81 (1H, m), 9.90 (2H, m), 10.0 (1H, s). ESI-MS (MeOH): m/z 621.1
([M+H]", calcd. for C3sHa3BrN4O,: 621.2).

Zinc(I) 5-bromo-10-(1'-ethylpentyl)-20-(4'-methoxycarbonylphenyl)porphyrin
(4B).

Zn(OAC)Z
r .
MeOH/CHCl3

COOCH3; COOCH3;
3B 4B

To a CHCI3(0.25 L) solution of 3B (0.22 g, 0.35 mmol), saturated Zn(OAc), in MeOH
(30 mL) was added.  After being refluxed for 2 h, the reaction mixture was treated with
a saturated NaHCOj3; aqueous solution, and was washed with water. The separated
organic phase was dried over Na,SO, and filtered, which was evaporated to dryness.
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The crude product was purified by column chromatography on silica gel with CHClj3 as
the eluent. The fraction containing the product was evaporated to dryness, to afford
4B (0.22 g) as a purple solid in 92% yield. *H-NMR (600 MHz, CDCls): § 0.70 (3H, t,
J =7.2 Hz), 0.88-0.91 (2H, m), 0.99 (3H, t, J = 7.2 Hz), 1.11 (2H, m), 2.85 (2H, m),
3.00 (2H, m), 4.03 (3H, s), 5.25 (1H, s), 8.18 (2H, d, J = 7.0 Hz), 8.33 (2H, d, J=7.3
Hz), 8.86 (2H, d, J = 4.2 Hz), 9.23 (1H, m), 9.40 (1H, m), 9.72 (1H, d, J = 4.6 Hz), 9.82
(1H, m), 9.91 (2H, m), 10.10 (1H, s). ESI-MS (MeOH): m/z 682.1 (M", calcd. for
CssH3:BrN4O,2Zn: 682.1).

Zinc(ll)  5-(1'-ethylpentyl)-10-ethynyl-15-(4'-methoxycarbonylphenyl)porphyrin
(5B).

H=-TIPS
Pd(PPh3),Cl,, Cul TBAF
r

EtsN/Toluene, 50°C  THF

COOCH; COOCH;
4B 5B

4B (0.35 g, 0.51 mmol) was dissolved in anhydrous toluene (100 mL) and EtzN (20 mL),
and the mixture was degassed by three freeze-pump-thaw cycles. To this solution were
added Pd(PPhg),Cl, (40 mg, 56 umol), Cul (14 mg, 72 umol), and
triisopropylsilylacetylene (2.3 mL, 10 mmol). After being stirred for 3 h at 50°C, the
reaction mixture was evaporated to dryness. The crude product was purified by
column chromatography on silica gel with hexane/CHCI; (1/4) as the eluent. The
fraction containing the product was evaporated to dryness. The product was dissolved
in tetrahydrofuran (150 mL), and 1 M tetrabutylammonium fluoride in tetrahydrofuran
(3.3 mL) was added. The mixture was stirred for 30 min, and evaporated to dryness.
The residue in CHCI3; was washed with water, and the organic phase was dried over
Na,SO,4. After removing the drying agent, the filtrate was evaporated to dryness, to
afford 5B (0.26 g) as purple-red solid in 82% yield. *H-NMR (600 MHz, CDCls): ¢
0.67 (3H, t, J =7.3 Hz), 0.87-0.89 (4H, m), 0.96 (3H, t, J = 6.8 Hz), 2.80 (2H, m), 3.01
(2H, m), 4.11 (3H, s), 4.15 (1H, s), 5.30 (1H, s), 8.27 (2H, d, J = 6.3 Hz), 8.42 (2H, d, J
= 7.7 Hz), 8. 90 (2H, m), 9.31 (1H, m, J = 4.0 Hz), 9.41 (1H, m), 9.75 (1H, br), 9.80
(1H, m), 9.86 (1H, d, J = 4.4 Hz), 9.90 (1H, m), 10.16 (1H, d, J = 4.3 Hz). ESI-MS
(MeOH): m/z 628.14 (M", calcd. for C37H3,N40,Zn: 628.18).
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Zinc(11)5,15-bis[[zinc(11)10%,20'-bis(1"-ethylpentyl)porphyrin-5'-yl]ethynyl]-10-(1"-
ethylpentyl)-20-(4'-methoxycarbonylphenyl)porphyrin (6A).

— Pd,dbas, AsPhs Zn(OAc);
=-H + Br Br
EtgN/THF, 40°C ~ MeOH/CHCl3
COOCH;

5A 2B 6A

5A (0.24 g, 0.40 mmol) and 2B (87 mg, 0.12 mmol) were dissolved in anhydrous
tetrahydrofuran (0.15 L) and EtzN (30 mL), and the mixture was degassed by three
freeze-pump-thaw cycles. To this solution, Pd,(dba)s (18 mg, 19 pmol) and AsPhs (45
mg, 0.15 mmol) were added. After being stirred for 16 h at 40°C, the reaction mixture
was evaporated to dryness. The crude product was purified by column
chromatography on silica gel with CHCI3 as the eluent. The fraction containing the
product was evaporated to dryness, and dissolved in CHCIl;. The product was
reprecipitated by adding a small amount of MeOH. To a CHCI;3(0.10 L) solution of
the product, saturated Zn(OAc), in MeOH (6.0 mL) was added. After being refluxed
for 5 h, the reaction mixture was treated with a saturated NaHCOj3 aqueous solution, and
was washed with water. The separated organic phase was dried over Na,SO, and
filtered. The filtrate was evaporated to dryness, to afford 6A (0.20 g) as a black solid
in 93% yield. 'H-NMR (600 MHz, C4DgO): 6 0.67 (12H, t, J = 7.3 Hz), 0.77 (3H, t, J
= 7.3 Hz), 1.07 (12H, m), 0.89 (6H, m), 1.29-1.32 (20H, m), 2.92 (10H, m), 3.16 (10H,
m), 4.12 (3H, s), 5.46 (4H, m), 5.62 (1H, m), 8.53 (2H, m), 8.58 (2H, d, J = 7.6 Hz),
9.07 (2H, m), 9.36 (2H, d, J = 4.1 Hz), 9.38 (2H, d, J = 4.3 Hz), 9.74 (2H, m), 9.83 (1H,
d, J = 4.3 Hz), 9.85 (1H, d, J = 4.3 Hz), 9.95 (3H, m), 10.07 (2H, s), 10.09 (3H, m),
10.48 (2H, d, J = 4.7 Hz), 10.58 (6H, m). MALDI-TOF-MS: m/z 1784.3 (M", calcd.
for C1o7H108N12022Zn3: 1784.7).
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Zinc(11)5,15-bis(1'-ethylpentyl)-10,20-bis[[zinc(11)10"-(1"-ethylpentyl)-20*-(4"*-met
hoxycarbonylphenyl)porphyrin-5'-yllethynyl]porphyrin (6B).

_ Pd,dbag, AsPhg Zn(OAc),
=-H + Br Br
EtzN/THF, 40°C  MeOH/CHCl3
2A

COOCH;
5B

5B (0.26 g, 0.41 mmol) and 2A (92 mg, 0.14 mmol) were dissolved in anhydrous
tetrahydrofuran (0.14 L) and EtsN (27 mL), and the mixture was degassed by three
freeze-pump-thaw cycles. To this solution, Pd,(dba)s (21 mg, 22 umol) and AsPhz (51
mg, 0.17 mmol) were added. After being stirred for 16 h at 40°C, the reaction mixture
was evaporated to dryness. The crude product was purified by column
chromatography on silica gel with tetrahydrofuran/CHCI;3 (1/19) as the eluent. The
fraction containing the product was evaporated to dryness, and dissolved in CHCls.
The product was reprecipitated by adding a small amount of MeOH. To a
tetrahydrofuran (0.10 L) solution of the product, saturated Zn(OAc), in MeOH (10 mL)
was added. After being refluxed for 5 h, the reaction mixture was treated with a
saturated NaHCO3 aqueous solution, and was washed with water. The separated
organic phase was dried over Na,SO,4 and filtered. The filtrate was evaporated to
dryness, to afford 6B (0.17 g) as a black solid in 67% yield. H-NMR (600 MHz,
C4Dg0): 0 0.72 (12H, m), 0.90 (6H, m), 1.10 (6H, m), 1.14-1.22 (10H, m), 2.97 (8H, m),
3.22 (8H, m), 4.11 (6H, s), 5.45-5.61 (4H, m), 8.45 (2H, m), 8.52 (2H, d, J = 7.6 Hz),
8.92 (2H, m), 9.15 (2H, m), 9.35 (2H, d, J =4.2 Hz), 9.42 (1H, d, J = 4.3 Hz), 9.44 (1H,
d, J = 4.3 Hz),9.89 (1H, d, J = 4.1 Hz), 9.92 (1H, d, J = 4.3 Hz), 9.98 (2H, m), 10.03
(2H, m), 10.12 (1H, m), 10.17 (2H, s), 10.19 (1H, m), 10.53 (6H, m), 10.66 (2H, m).
MALDI-TOF-MS: m/z 1820.6 (M, calcd. for C1ogH100N1204Zn3: 1820.6).
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Zinc(11)5,15-bis[[zinc(I11)10-(1"-ethylpentyl)-20’-(4""-methoxycarbonylphenyl)porp
hyrin-5'-yl]ethynyl]-10-(1'-ethylpentyl)-20-(4'-methoxycarbonylphenyl)porphyrin
(6C).

Pd,dbas, AsPhz Zn(OAc)2
=-H +Br Br
EtzN/THF, 40°C ~ MeOH/CHCI3

COOCH; COOCH,4 COOCH; COOCH; COOCH;
5B 2B 6C

5B (0.34 g, 0.54 mmol) and 2B (0.11 g, 0.16 mmol) were dissolved in anhydrous
tetrahydrofuran (0.15 L) and EtsN (30 mL), and the mixture was degassed by three
freeze-pump-thaw cycles. To this solution, Pd,(dba); (23 mg, 25 pmol) and AsPhs (57
mg, 0.19 mmol) were added. After being stirred for 16 h at 40°C, the reaction mixture
was evaporated to dryness. The crude product was purified by column
chromatography on silica gel with CHCI3 as the eluent. The fraction containing the
product was evaporated to dryness, and dissolved in CHCIl;. The product was
reprecipitated by adding a small amount of MeOH. To a tetrahydrofuran (0.10 L)
solution of the product, saturated Zn(OAc), in MeOH (6.0 mL) was added. After
being refluxed for 4 h, the reaction mixture was treated with a saturated NaHCO;
aqueous solution, and was washed with water. The separated organic phase was dried
over Na,SO, and filtered. The filtrate was evaporated to dryness, to afford 6C (0.26 g)
as a black solid in 89% yield. *H-NMR (600 MHz, C4DgO): 4 0.70 (6H, m), 0.75 (3H,
m), 1.09 (6H, m), 1.16-1.62 (15H, m), 2.93-2.96 (8H, m), 3.21-3.24 (8H, m), 4.09 (6H,
s), 4.12 (3H, s), 5.48-5.50 (3H, m), 8.44 (4H, m), 8.51 (6H, m), 8.56 (2H, d, J = 7.7 Hz),
8.91 (2H, m), 9.05 (2H, m), 9.13 (2H, m), 9.34 (2H, d, J = 4.3 Hz), 9.42 (1H, d, J = 4.3
Hz), 9.44 (1H, d, J = 4.3 Hz), 9.88 (1H, d, J = 4.3 Hz), 9.91 (1H, d, J = 4.3 Hz), 10.04
(1H, m), 10.09 (1H, m), 10.13 (1H, m), 10.16 (1H, m), 10.17 (2H, s), 10.45 (2H, m),
10.51 (2H, m), 10.57 (2H, m), 10.63 (2H, m). MALDI-TOF-MS: m/z 1856.5 (M",
calcd. for C109Hg2N1206ZnN3: 1856.5).
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Zinc(11)5,15-bis[[zinc(11)10%,20'-bis(1"-ethylpentyl)porphyrin-5'-yl]ethynyl]-10-(4"-
carboxyphenyl)-20-(1'-ethylpentyl)porphyrin (Zn-ZnA-Zn).

NaOH
MeOH/THF

6A Zn-ZnA-Zn

To a tetrahydrofuran/MeOH (60/30 mL) solution of 6A (0.11 g, 60 umol), 1.0 M NaOH
aqueous solution (6.0 mL) was added. After being refluxed for 15 h, the reaction
mixture was evaporated to dryness. Water and 0.1 M HCI aqueous solution (60 mL)
were added to the residue. The mixture was stirred for 1 h at room temperature, which
was filtrated, to afford Zn-ZnA-Zn as a black solid quantitatively. MALDI-TOF-MS:
m/z 1770.8 (M*, calcd. for CigsH106N1202Zn3: 1770.6). ESI-HRMS (MeOH): m/z
901.3238 ([M+CH30H]*, calcd. for C107H110N1203Zn3: 1802.6698).

Zinc(11)5,15-bis(1'-ethylpentyl)-10,20-bis[[zinc(11)10'-(4"*-carboxyphenyl)-20"-(1"*-e
thylpentyl)porphyrin-5'-yllethynyl]porphyrin (ZnA-Zn-ZnA).

NaOH

ZnA-Zn-ZnA

To a tetrahydrofuran/MeOH (60/15 mL) solution of 6B (102 mg, 57 umol), 1.0 M
NaOH aqueous solution (5.7 mL) was added. After being refluxed for 15 h, the
reaction mixture was evaporated to dryness. Water and 0.1 M HCI aqueous solution
(57 mL) were added to the residue. The mixture was stirred for 1 h at room
temperature, which was filtrated, to afford ZnA-Zn-ZnA as a black solid quantitatively.
MALDI-TOF-MS: m/z 1792.8 (M", calcd. for C10sHgesN1204Zn3: 1792.6). ESI-HRMS
(MeOH): m/z 896.2766 (MZ‘, calcd. for CypsHgsN1204ZNn3: 1792.5552).
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Zinc(11)5,15-bis[[zinc(I1)10'-(4""-carboxyphenyl)-20'-(1"*-ethylpentyl)porphyrin-5'-
yllethynyl]-10-(4'-carboxyphenyl)-20-(1'-ethylpentyl)porphyrin (ZnA-ZnA-ZnA).

NaOH

COOH COOH COOH
6C ZnA-ZnA-ZnA

To a tetrahydrofuran/MeOH (60/20 mL) solution of 6C (0.13 g, 70 umol), 1.0 M NaOH
aqueous solution (6.9 mL) was added. After being refluxed for 15 h, the reaction
mixture was evaporated to dryness. Water and 0.1 M HCI aqueous solution (69 mL)
were added to the residue. The mixture was stirred for 1 h at room temperature, which
was filtrated, to afford ZnA-ZnA-ZnA as a black solid quantitatively.
MALDI-TOF-MS: m/z 1814.8 (M", calcd. for CiosHgsN1206Zn3: 1814.5). ESI-HRMS
(MeOH): 907.2192 (M?", calcd. for C10sHgsN1206Zn3: 1814.4668).
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3-2-4. RN O ERES X OREMh

FEMR L U DSSC D1EMR

O ERm(aEW A ST RbT ¥ B

it T »# o EMmIL, BBbT %> a2 A K~<—2Z F(Solaronix SA )& A7 U
—VHIRNETY v #E F— 7t A X(FTO)EEF & H 7 25k E(10 Q-cm,
H A )2 16 mm2 (4mm X4mm)&EAA9 5 Z & TER L=, BRI, &f L
120°C30 MDA v x4 2 & Tk, 500°C30 53O BER LI KV
UL 7=, BERE L7 b5 & v @M% 0.1 M TiCly ZKIEIKIZ 30 Jr[HiRiE S ¥k
LR % i L 7=7% . 500°C CHOBERLEL L 7=,

WEMIL, BT ¥ o EMAE ARIRIRICIRIE LOFELEZWE STk, BRIER
BECHEHT 5 2 TIERLL 72,

- EMRIR
ALY 2 DL IR,
0.025 M Iz, 0.44 M DMPIIL, 0.1 Lil #&d&e7 & F= F U LIRIK

- fipflTF A R
WBAHEMOFMIL 10um DL DO EMEH Uiz, BbF % o ETORINIZE
LTI,

- BRIEIR

AT, RIEEEEOENT K 5 B E MR OB LR 5720, RiH
WIEI AR LT T R COBRICB W TEWRIEEZ R LTIV AT VRV AT
FOMPF) 2 H U7z, IR L T, 463 0.06mM THELL7-,

.58 KRS BBt D YRR

DSSCIEXK 6 IZ-"T L HITHER LTz, AX—H—L 22 B/HE7 ¢ /L A (80 um,
AT, BBENERE LTELTF X B E Pt AREEEEN S T AR
(Pt: 100nm, ~0.01 Q * em™ )25 5 X THERAIA AT SR> & HE A R
(CEMRIE ZEAN Uiz, JERNT, Emicy =027V v 728k L COtERZ
L7,
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KEEIL, REREZ W@ T HBICA Y e EDO4S I X DRI BEL 2% 1T
LHich, MRIZET HRARNBEIIRK[TONBKEIKFT D, 22T, KB
HART FViE, AR 90° TONBRIZHT 2EEONEEOTRIND
KR 7 < A(Air Mass : AM) CEZRINTW5, KEGEMEE % b4 55
AIIAH AN 41.8° TOEFENRAM. 1.5)%FH, S 5ICHEXRFEO 3 5#(1000
W/m2, 280~ nm) FCHEOLALHEN. BIEIC L 25N JIS HE TED H i
TW5a,

B -EEREI-V dR)HE
AEBRTIE, BEUKEEELT300W Xe 707V —F—v a2l —HF—
(YSS-80,300 W-Xe 7 7, IUFELE) MW, =7 ~A7 4 )V Z— %@l
L7ZBE D 227 h Ly AM1.5G (20t 5 2 & Z [BIPr R 745 6 1l it &
(LS-100, J5LAERE) 12X VR LTz, I HIC, “REHET Y o KiGEmE
W TR YETRE 2 100 mW em2 ICFAET L7z, Z OEEURE & SERM D &
ML, 7 a x4y b (HSV-100F, db=FET) 2 W TCEMEZANDE
#e19 252 LTIV a5,

A ET2ERIPCEHIE

S &1 2h% (IPCE: Incident Photon-to-current Conversion Efficiency) &
%, AS L7380 U TR IRRE THMBIEIR IR T B OEIE 2T,
EEDOHERIZRB T 2/MBETF2IRIL, U ToX o ICEHI D,

IPCE(1) =1240 (Joe / 1 W)

A O E (nm), Wi AFHETREW cm™2),
Jue © BHAOSEHRE T OBEKEREE (mW cm2)

AREBRTIZ,. Xe 7 T HE2T /) 710 A—%— (SM-250E) THAEIZ L, BE
RIS RERETT 2 Z & THIERICBIT A EBRELAZHE Lz, £ LT, ZOfE
PEIEFE D Si 7 4 M F A F— F (S1337, /et e D IEEFME & i+ 5 =
& TDSSC DM ETFR =" Lz,
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3-3. fERLEEBER

3-3-1. R TORERFEIERA~DYAE T o T —E NLE D 258

AMLTHEFE LIZARNVT VT LA DRHEE LTY — LD N D 5,
IHF. =X Ry U THEERIC X o TEMEMICHIR ST 5 (K 3-2),
PN T 4 )~ —E, mNIZERT 5 2 DOBBE IR {-(1 - © BRI Y)
ZH0, OB AYAN TS LG, fa i)y o MR- [F A= %
Ry TV KRBT DD, WIUEE ) v—DFNE D b E
BANCALET D, — ., M EE 2B IR 13, A 0 ITKA(F Lbid
TRNVX—5EZD, 0=90" TRbLEET LRV ¢V UBRERT HHE
X, ZX T BTV U TRRT D0, T ~— DRI & R 7L 2
WNEe—7 PALEST D, —H. 0=0° 3 72bbET AR LVT ¢ U U REVFm
Pea b OGAIR, BRI PN AZE L, WNTE /) ~—DFN LD bR
BNAIET S, 29 Licth, AV-AVEEMORLT 4 VT LA Tk, ~
VT 4 ) BRO BALDOKFNRERFEEE L 72 ) THANFIE I NS, — . =F
=JVEFERLY LA Tl 29 L7z RIEEREREAS /N & < EE O [l BPEAR D FAE T
%o TORER, WRFP TOWILARY MU b DEREDELERD, V—
L OB R OWIN v — 7 1XE M 29 5 (X 3-3),

X 3-4 IZIFAR LT = VHEHERL T 4V b TA—DY A F LRI
L7 X ROMBP)H TOWIE L OHHEAT MR LI, 2, £ 3-1 1%
NS DLEMDO S NHEDORER 2 £ LT, BEREEKICFEIND Y —L
HERE R OWIN E— 71X, 7 ==L LR OB ANEIC L S TEMEC Y
ZILT=, LR T, WP TIE 7 = = VB LR L 3 alis ByE (K b | 2 s
KL TWRWZ ERbnrolz, —FH, Q WX, COoRRBRLHE T ZHEZ LHE0
ENNSARE A R Lie, WIRE— 2712 L Tix, 7 X TORLT 4 VN7 =
=TV R B Alkyl-ZnA-ZnA-ZnA 73> (35T H S TR0 £
WAL L, R AT MZE W T b [RERZRE N 278 LTz,
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[ 8-3. TF = LEFERIRIL T 4 U T LA OEIfEEMERD E R 72 R (A
W OWIL., BEOREZEMEROEREDOEIT/R D).

%31 AR LI R I A~ —OHET ¥

Compound Absorption Amax [nm] Emission Amax [nm]
(e[105 M1 cm1])
Alkyl-Zn-ZnA-Zn 416(1.16), 495(1.36), 786(0.60) 842
Alkyl-ZnA-Zn-ZnA 417(1.30), 495(1.63), 785(0.68) 840
Alkyl-ZnA-ZnA-ZnA  417(0.94), 495(1.15), 780(0.45) 836

67



2.0
——Alkyl-Zn-ZnA-Zn

——Alkyl-ZnA-Zn-ZnA
——Alkyl-ZnA-ZnA-ZnA

€ (10° M-lcm1)
= =
o (9]

o
&

0.0 1 1 1 1 1 1 1 1 1 1

300 400 500 600 700 800 900 1000
Wavelength (nm)

——Alkyl-Zn-ZnA-Zn
——Alkyl-ZnA-Zn-ZnA
—— Alkyl-ZnA-ZnA-ZnA

Intensity (a.u.)

700 800 900 1000 1100 1200
Wavelength (nm)
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3-3-2. WET U —EANMEOEAMIEN T RILF— L ~YLIZE

s ooy
z D e

TF=VHERERL T 4 ) FTA~—DZ R LT —L-YLIRTH T == )b
ANRFEDOBEALESLHM OB OV TR Lz, £77, %é%@MmLm
BALETHRDT=D, 7SV AR Z A R —DPV)RIEEIT-72, X 3-51Z
AR LT NI A~ —DW/SVARVEET T L m L, F 32 122

DFEREF LD, TRTORA T AV N T 2= VLR EE LD RNTA
v—Alkyl-ZnA-ZnA-ZnA DAV EMIL, DO AIEDZIITEE~TH 0.09V
EANIALE U722, BB—Z B OV TIIZIER CISE Lz, 23D

i.SGumbﬁ%%ﬁLﬁ DFEFR N LI TE 5, HOMO 2B\ T
T2V VR EREFEE LRIV T 4 ) VERODIRSE BICHM N D DD ﬂb\
LUMO [T OWTIZZFDIRENEI & 72> TV D, TD=8, EBAWG| M IEE L
ThDHT7 == VIR AAEDOENE BN L THEFEICENLTND &
BEZoND, Tz, 7=V ANVRUBETAIOFRLT 4 VEBIZE D NI~
— Alkyl-ZnA-ZnZnA & FTROFRNL T 4 VEBICOHREE D T A~ —
Alkyl-Zn-ZnA-Zn OB IZBEE 722N E U o BB IZ DWW TR,
WO RNL 7 4 U CEBORFBIZEIT D HOMO OB REENHFRORLT 4
DENUCHRT/hESWEdEEEZ BN,

FENT, PR TN DFE I & O AT ML OFEEN S FHAFEO T R ILF
— L~ UL RFES 5 72(K 3-7), HOMO (ki3 2 B0, 5B b BN 2 4f
L7, —J. LUMO |2kt B EALIL. ki LEMNZHEH L=, &
—IBILEMIT, BEICTLTETF 1 OBEDICE X N T =4 OIRBBIC kG
T o7, BN FE T2 LUMO (23T 2Bz Aflic b > T LE D
72O Th b,

— P, BhEIRREDERL BN XL F ORI RT L 512, ORI E )
%%MLtﬁtixw% Foo & FEIREDBRLEN Ex N DEH SN D,

E)x* = E)x - Eb'O

B LIZEaFEO HOMO L3 UHE L Ky 7 ZZxHET HEA L D b IERNIAL
&L, LUMO IZ2oWTHTRTOEIRICEBWTILT ¥ A8 FimlZ ke d
HEMEY BIEANAIE L=, 202 b, AlLIZAHEIT, I vEL Ry
I AR TF 2 & OB ARZIMER TR F— Ll LTS Z
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EnbinroTz,  BARTHB LGS, TXTORLT 0 U VERIZT
= =)L ILIR /@z’a}%o k7 A4 < —(Alkyl-ZnA-ZnA-ZnA) D L Ik RE D ER{ L
fLlx, oo b7 A = —ICHA_TEICME L, 202 b, BHEAZIT
9 E TR XTI ARFITH DL EE X LND,

Current (u A)
o
o

——Alkyl-Zn-ZnA-Zn

0.4 ——Alkyl-ZnA-Zn-ZnA
——Alkyl-ZnA-ZnA-ZnA
_0'6 1 1 1
-1.6 -1.1 -0.6 -0.1 0.4

Potential (V, vs Fer.)
3-5. AL N IA ~—DWy IV ARIVETE T T A,

#3-2. L7 N T4 ~—DfbiEIuEN(E/ V vs. Fe/Fet)

Compound E vear E o E ox+
Alkyl-Zn-ZnA-7Zn -1.47 0.09 -0.46
Alkyl-ZnA-7Zn-ZnA -1.46 0.10 -0.46
Alkyl-ZnA-ZnA-ZnA -1.45 0.18 -0.40
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LUMO

HOMO
WD BRI A F L CTHEA
3-6. =F = )LEERLT 4 N T A4 ~—D HOMO & LUMO.

E/V
vs. SCE Alkyl-Zn-ZnA-Zn Alkyl-ZnA-Zn-ZnA  Alkyl-ZnA-ZnA-ZnA
1
-1.00v -0.99V -0.98V
(BB (EETER (BE—B B
-1.0 =+ 0.9V gy |
- BERERRLE. . BEREOBLER. | 085V
-0.5 =+ TiO, (EhER Ik B D B L Bofir)
ZEF Tin
O Ea O RN N e I_/I3_
+ 0.2V
+0.5 =+ +0.55V +0.56V + 0.63V
+1.0 ==

87 GRLIEZTF=NEFERLT 4V I —DTRLF—LL,
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3-3-3. M{bT X NI E LT~ = LI X A RS EMR S A DZEAL,

B LTZ T A ~—D{bTF & v ETOWREEEIC OV TR LT-, X 3-8
IZiE, SOFBORILT ¥ v ETOWILART MO T RLTEZ, 2B b
TA ~—%IbTF 2 NI E ST ZAH, ERTRLUERBILT 2~ ETol
IZ, SR CRLULEBRYOZN EHERXTHNL OO R TEEN R 6T, £
T EHSRMERIOFE SN D Y — VIFEEEMOWIN Y — 71X, TXTOAaR
IZBWORIETOZZEERTTe—NMbL7z, 202 &b, BbFZ i
WELEZ E TR IA v —OEEREMERIEENENHL L TND Z ENREBINT,
Y — LD REREM ORI — 7 12OV TIE, Wi & R THEREITR S
Niholc, ZOWIRE — 713, #EEfl7m OB A ICHY T H7-0iE s
W ERBLEZ TR oTeEEZXBIND, fitl\ T, FOFEOWINE — 7 & g L
T2 A WAET v — Rl b0 Alkyl-Zn-ZnA-ZnGR) & W57 o J1 — % il
Nz D FH > Alkyl-ZnA-Zn-ZnAGE) DWW B — 7 1%, WK OZ It~ TY
— U OEREMO Y — 27 NEERE EREEOWH Rty — MLz, —7F.
WAET VI —% T _XTORNT 4 U VBRIZEH D Alkyl-ZnA-ZnA-ZnAGkk) DI
E—7 0%, BEEFROAT o— ML= Z £ n, Alkyl-ZnA-ZnA-ZnA X
Dk TA~—IZH_TRILT Z > EICB O TEWEEMEZ b iR RN %
SHELTWNDEEEZLNS(X 3-9), QD E— 27225\ T, Alkyl-Zn-ZnA-Zn
& Alkyl-ZnA-Zn-ZnA Ti, WETICH_RTHEERE S RREO® GIMT7 n—
b L7=oizxt L. Alkyl-ZnA-ZnA-ZnA TIIEREFRIZOAT o — KT8 Z
Ebnotc, ZiuL, EROBREREMIR SO B TE 5,
Alkyl-Zn-ZnA-Zn b Alkyl-ZnA-Zn-ZnA TiE, WEPIZ LA TRIE MR AR
MIEN -T2 L TQHEDOWINTTe— L= E2 NS, —H.
Alkyl-ZnA-ZnA-ZnA TiL, &\ FEEZ SO N7 A ~—0 L7z 2 & Tk
RDBYLIE LW ORRELDEL T EZ 2 6D,
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3-3-4. WFET V1 —DEAMIEDEWIC LW ELFZEDEL

W3 T v H— DN BN ERL T Z v COWGERENC RIS
TIOIZFEL<MFT Lz, X 3-10 121%, FIRIEREFICIIT 5 Q i D WA
ECTOWNEEZ7ay hLizb DR LIz, TXTOMOEIBNT, BT
v ETo Q HOWIUBK I R, EMIZEN M OHE K (@— & — It
b Lz, 2oz nn, BibF % ETREWET v I —0EANLER L O
WEHT. BREITHEAKETER L TWAZ LR ENT, £~ BFEMDR
EMMZE LB LSS, WET v I —%2 T _RTORLT 4 U UBEIZHD
Alkyl-ZnA-ZnA-ZnA OWSEE X, FROFLVT 4 U VBRICOBRRET 1 —%
%2 Alkyl-Zn-ZnA-Zn |2 TR 2 5 EVMEZ R~ T Z & bhoTo, ORGSR
(XEHRBAE RGO BN LHATE S, M3 1R T LI ET I —D
EANEDENCTHRILT ¥ ETO—1H-0 0 HEmENEL L2 &Iz
X0, WEAEERIZENELZEBZOND, LEOZ e, WET 1 —
DAL ELI DB L VBT % o L TD b T A ~— D[RRI
ENWELDZ EBNbhote, 29 Lk RIZEHEEEAROREL RTHOTH
R

0.6
|
04 | A H
£ A
® o

0.2 ]
®
Ollllll

730 750 770 790 810

Anax / MM

(Alkyl-Zn-ZnA-Zn, :Alkyl-ZnA-Zn-ZnA, Alkyl-ZnA-ZnA-ZnA).

[X] 3-10. Q # DY IR A I £ I3 1T 2 WG EE D I B Ry R A7
(@: 1h, A:2h, H:14h)
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Alkyl-Zn-ZnA-Zn

Alkyl-ZnA-Zn-ZnA

Alkyl-ZnA-ZnA-ZnA

3-11 HESNLOMILT Z v ETO T A ~— DY g BRI,

76



3-3-5. JCHEZMRHEIC KT DWAET » I — DD %

fefbF 2 o ETD T A ~—DREFEF DL ICEEWRIEIZ G 2 D %
IZOWTHRT L=, X 3-12121F, AR LT b T4 ~—%& HW - EEEKGE
o> Q #r D IPCE f KA DIRIERFRUEAAMEZ =3, BRFHIRIEQ4hIZHB T 5
Alkyl-Zn-ZnA-Zn & Alkyl-ZnA-Zn-ZnA OFMBEFRIERIT, EIREFERIEQ2.5h)
DEIUTHARTHEBIZHED Lz, Z0Z b, KaFIZBO Ik F 2 v
EToOHESERIERONEEBREFEICHT T 2F 50/ NI N EAURIER Sz,
— 77, Alkyl-ZnA-ZnA-ZnA DIV & 7Zh3I%, 1215 15 REH CRRRE 2 7R~ L7z,
ZHUCOWTIL, IREFR R OB RIS L Alkyl-ZnA-ZnA-ZnA OWLEEEREN L
2 e HREWRERIZ X 29T &R O T 2 B R OB &
STHELTWS EEZOND, EDHIT, BEMREN DN EE Z G-
MHRIEIZ DWW T G, Alkyl-ZnA-ZnA-ZnA Mo s T 4 ~— X0 H & W INBE T
HEER L, E N TA v THINBELDIRICENETTNDZ RN -
7o FRFRNRIEIZB W THEAREDOWNEITEZN 2N & bIHENFE TITR
<. BRDBENIRIZENELTNDEBEZLNLD, IHIT, ZRLF—LL
DB CELT Z o ~DBEFIEAD IS AFITH - 72 Alkyl-ZnA-ZnA-ZnA 75,
RbEWVINTE TR E R L2 LD, AFEEENFRREOEEERE X D
R

S

j

s BT VI —DEANEDOE NI XD IPCE X7 MABIROEL

IPCE 227 FVIBIRIZ T 2 W5 T o J1— D AN E 3 KOS D 58 4 F1 -~
Dz, BIFRHRIEICE T D8 BFED IPCE A7 NV ik L7 (K 3-13), [A]
R RICIRB S D Y — VR RO IPCE B — 21X, WET v —L 7%
T = =IVIIVIR RO A I ON TR Lz, 7o, A7 Mgk
IZOWThH, WMET VI —DEKIZHEWS vy —F o T, ZiuE, WET
T — DRz 7= AIKyl-ZnA-ZnA-ZnA & AlKyl-ZnA-Zn-ZnA T, WiRHICk
NRCEFRERERGA DRI 2o T D EEZBND, LizB-T, 29 Lok
RIFWET =LY s T A~ —DEEEEERSHOREZ R LI D TH
Do

- KIBEMFEICHT 2WET 0 —DEAMBR L OEKORE

W& T L F1— DEANLE I DE DK EEMFFEIC 52 2 IOV TR
FTL7Z, X314 121, AR LT b T A ~—% H\ - R HEECK B B O % K
EL T A —F DRFERERE KA OWTRT, BEEOBMERE Vi lX, 120
IRF R DI RIS E WD U, B EEIRE B e 1. Alkyl-Zn-ZnA-Zn &
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Alkyl-ZnA-Zn-ZnA TIZHEFIZHED LizDIZxt L, Alkyl-ZnA-ZnA-ZnA TlEig
[ERFE 15h TR 2R L7z, ZORERIT, R OB E 122 DR IER 1K
FHEORERE —HT LD ThH o7z, BIREF FFIZ, T XTOARRITBWNTR
ERFHEICEOTIRE—EDEEA R LI, T LIERAAWNE, EEHDHR
7 IEEDEBFRIBWT b AR HIRE(2.5h) THmifE 4~ L7 (3 3-3),

20 .

15 H
S H B
i i
o @
o VS L 4

5 o ®

0 L L L L L L L L

0 5 10 15 20 25
Dipping Time (h)

(@:Alkyl-Zn-ZnA-Zn, #:Alkyl-ZnA-Zn-ZnA, M:Alkyl-ZnA-ZnA-ZnA)

3-12. BT o H—DEANIENRRD b T A ~—Z - B K E
HIZRBIT D Q H D IPCE fie KAE D 1RHE RF R 7.

# 3-3. [RIANFH 2.56h TO b 7 A ~—%& M7z DSSC D KGR

Compound BARCEITE  EASEIREE BRET EEEREE
Voe (V) Jee (MA cm2) FF() n ()
Alkyl-Zn-ZnA-Zn 0.318 3.09 0.631 0.620
Alkyl-ZnA-Zn-ZnA 0.342 3.29 0.647 0.729
Alkyl-ZnA-ZnA-ZnA 0.374 4.11 0.652 1.00
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3-14. WET I —DEBEALENRERD b T A ~—% HW - F R K E

MDA K FEMFFE N T A — 2 OIRTERFHHK V(@ Alkyl-Zn-ZnA-Zn,
@ :Alkyl-ZnA-Zn-ZnA, M:Alkyl-ZnA-ZnA-ZnA).
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b7 % o ETOBRDOEERIER D DI E S DERRERIEIZ B VT,

AR BT NZIZEZNAE L TWND Z LTI A Z ORIERF TIEA .58 O S
FNIEFRCETHD Z &b, BMOBEENRICENECTWNDL EEIDND,
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BEhRIZZENE LTV D AREER B 2 b5,
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ARETIE, =F=VHEFERLVT 0 U T4 ~—OBMTEENROM % B
e LT, BET »— @%Aﬂ%%ﬁﬂiﬁéS@ﬁ@i?ﬁWLﬁTW7
4V N TA~—FAR L., LT ¥ v ETOWFERER X UEEL R
DWTHBIRF LTz, WET > H—%FT_XTORLT 4 ) UBRIZHD
Alkyl-ZnA-ZnA-ZnA O IREDERLEN I, D b T A ~—IZH~TIEMNZ
frE L., BTEAZITY) ECR A —ICARRTHD Z EnbhroT-, Bk
L7z R TA4~—1%, BbTF & CET D 2 & CREREMERIEENELT 5 2
ENRPoT, EHIZ, FRORLT 4 U VBRIZOBLET v H1—% 1D
Alkyl-Zn-ZnA-7Zn %, Alkyl-ZnA-ZnA-ZnA (ZE R T U tidE &2 & D BIEE
NELSFELTWNDZ ERbnroTz, I, LT ¥ v EicB T, Akl
7o b4 ~—ITEEEREZIER L TS Z kﬂréntommummmZn U
AHFElL, Alkyl-ZnA-ZnA-ZnA ([ZtE_TH7 L BBbTF % v BEIZBIT5—%
FHTVOEFEBICENELTWDA I ERbholz, B, ZHL2hHEAE
MmFED 7T, LT ¥ v ECORMBREMEARSHOEICERTL2HD0EEEZDL
LD, tASREESE DB /N S WELRF)IRE Tl Alkyl-ZnA-ZnA-ZnA 735 b &m0
BERL, EHEDRICHERZZIAONRNZ 0D, MNFETIEROEND
IXEM OB OENEZR L TEBY, o AEEICERT DR, 372bbK
BTN DN Z T2 2 & TEFIEADEN M L LTt RIR S v,
ZDXHC, BEmTIIWMET VA — DT = =)L VR ERODE AN A
EZHZET, BbF ¥y ECORBEEMERRLHIET L &Iz, AaRBE
BEAEOL CHHENREALETE L2 EhbhoTe,
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4-1. XL DI

DSSC (28T % R /Mty 8k R m COEM DB, A oibT & v
iTODFtEh‘E%’EMK%& v EToBFEOWEREIC %ﬁ*i.“%’:% 75 k%z}ozh
TWDN, FED TAEEDN BRI B 5z565kowfi$%%@%
2\, FRHZ, = F = VERERALT 4 ) o7 LA T, B 3 517f%§%§1/f;[]$5
FNEARDAFAELIINC & . Bl 7 10 23 B 7 17012 t«@ﬁSﬁ@Eé%%okw
lbF & o ~D N T A ~—DWRFE S D TREABEC RN AE =EICENE
CHHREMEN DD, T 2E, H 4-1 [T N TA~—D0bF & iz
) UCHEE TS LTESaiE, &RV T 0 U UENERLTF # /i‘%ﬁ T;%L
T B 1= OB BEC %wfﬁﬂk@éo—ﬁxﬁﬁﬁﬁ IE LA, R
fbF & o RifZB T H0aFE— %%%7”:@0)57@@%75‘34\3<72&%)71&5\ %ﬂi@&
%.5@?60) CHARTHEOREREOEIMIBWCHERN /2D, KETIE, =F =1

BWRERNVT 0 U T A~—OFBEMIHEROm EE B E LT, BbF &
~D T A~ —DOWFEFH OB DOV TG Lc, BEAERMITIE, floRL
T4 VRO ANANIKET > —%H D T A ~—(Alkyl-Zn-ZnA-Zn) & i
BORLTZ 4V BOIL, FHORLT 4V BORA IR ET v —%
o k7 A ~—(Alkyl-Zn-Zn-ZnA)® 2 @iﬁﬁ:ob VCAR LR 4-2), WET
YA OWTURT = = VANV B R ER I A R~ DA
fift A B fE LAy 7 LR LA A LTz,

< ,‘f.’\J3nm _—

R R R
0
#1nm R = = R
J ) Y Y
EE A R TRE REA R TRE

e N

BRILT 1) /ia?b\ﬁé%{t?’-’ﬂ/k —HFHEYOEEBERANEK
RS A= BER D BEICEF BB=HWRBEEDEMIZHF

X 4-1. B{LT X o ~DOWEFRNELD T4 ~— DX,

83



Alkyl-Zn-ZnA-Zn

Alkyl-Zn-Zn-ZnA

X 4-2. AR LIz=TF = @ERLT7 o) N T A < —.
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4-2 FEr

4-2-1 = F=)LiEfERL 7 40V N T A4 ~v—DEREK

AR TIIREHRE BB TF = VEERLV 7 0 VU N oA ~v—2 G LT
(Scheme. 2), ETWHET v I—2 b ORLT 4 ) oE /) v—% 7T aE{fLLF
=ik Lizct%, Y7 eE LAV T 4V ) v — bR T T
RItdT 52 & Tr7aEfblicdA~—%58 L, SbiZ, ZThxz=F =11t
LIeARNT 4 D) ~—BOEED v 7Y RIS S 5D Z & THIBE A &
RHNIAT—DZATINVFHFEREGR LT, LT, &EBICZIHEIMKISHE
THZETHWY AT,

_NBS _ ZnOA:,
“chel, MeOH/CHCIz

1A: R—* 2A: R—* 3A: R—*

1B: R= <i}cooc}—|3 2B: R= @CODCH3

H—==TIPS
__NBS _ _ Zn(OAc), __Pd(PPhg), Cul TBAF .
chl3 MeOH/CHCIa E‘ngTHF BETT

1aR=_— anr=-+ sa:R=_— 6A:R=+H_—
H—==TIPS
Zn(OAc), _Pd(PPhy)s Cul__TeAF
coocH H= coocH
w & coocm—» r w ()-coocH;———~ MOHIGHCT, ) s T THE Y 2
1wc:r=H_ 2c:r=H_ scir=+{_— ap:R=-H_—

Pd,dbag, AsPh;  Zn(0Ac),
Et;N/THF MeOH/CHCls

NaOH

2B + 6A

COOCH;

Zn-ZnE-Zn: R= §G Zn-ZnA-Zn: R= /;{/—

3a 4 gp _Pzdbas AsPh szdbag AsPhg coocH
* Et;N/THF COOCHs —p NmHE EtsN/THF 8

Zn-ZnE: R= -4 Zn-Zn-ZnE: R=

NaOH

Zn-Zn-ZnA: R**

Scheme4-1. =F = )LHFERILT7 4 ) KT A4 ~—DERK.
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4-2-2. FHI

- LA PIRE

600 MHz 'H-NMR A~7 hL@ORIEIZIE, Bruker Avance 600 Z £ H L 7=,
by 7 ML, BEEEE (CDCl) 0% 7' 1 2 (7.26 ppm) &SI L
2o BESHICEAL TIX. MALDI-TOFMS A7 huiE, ~ FU v 27 2%
Dithranol & L T Bruker Daltonics autoflex Tlll/€ L 7=,

* 7 IEIE

BB L OBILT % g SET- B OWILA LT iz Tid, BAR
336 VET0 £ 7213 EH: UV3600 %2 WV CHIE LT, 8 A7 FLICBE LTI
BHRF503 Z W CTHIE L7z, B/UZBAL TiE, BEE 1 cm OAFEE LV EZfE
A L7,

- BRI FHE

oy S AR B A R Y —(DPV)iZ, BASI00B/W =L 7 ~ua 7+ 74 ¥ —%
AWTHIE LTz, 1EAEMRS LOSHRIL Pt 2 H L. 2REMRIZIT saturated
calomel electrode (SCE) &Mz FH\ /=, BAETAIIL 0.1 M “BusNPFs ¥ X F
VRNV ET I RERZHEH L, BALOKRIEIZEE L Tk, AMNTEEDE & LT
Ferrocen / Ferrocenium (Fc /Fct) GAEE : 27 £ %/Vﬂ‘/VA? IR, ZHEM
saturated calomel electrode (SCE), XFRFHEME : "BuuNPFo) ZHIE L., Z OfE
Z SCHRE+0.45 V ORI « P A F LRV AT 2 K, M EM : SCE, X RiEME
1BusNPFe) & HLi 92 Z & THIIE L7z, BLAWOIREIX 0.156 mM (ZFRRLL |
HEDBINIT NIRRT T TR E 2 RE Lz,

Sy TR

AHFFE T H =0 7 O E i b L OVE 71X, B3LYP/6-31(G) & HEJEK B
¥+ LT Gaussian03 72 77 A TCTEHE L 7=,
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4-2-3. HEk

DI, SBEEICB T 26 FEAZFMCEE Lz, S22 TORNET IV
IR T TITo 72,

5,15-Bis(1'-ethylpentyl)porphyrin (1A).

H H
w TFA Chloranil
\_NH HN-/ + CHClg, r.t. r.t.
O H

1A

To a CHCI; (0.80 L) solution of 2,2-dipyrrolylmethane (1.0 g, 6.8 mmol),
2-ethylhexanal (1.1 mL, 6.8 mmol), EtOH (4.0 mL) and trifluoroacetic acid (0.60 mL)
were added. The solution was stirred for 2.5 h at room temperature in the dark.
Chloranil (3.03 g) was added to the mixture, which was stirred overnight at room
temperature. The reaction mixture was treated with Ets3N (1.1 mL), and then
evaporated to dryness. The crude product was purified by column chromatography on
silica gel with hexane/CHCI3 (1/1) as the eluent. The fraction containing the product
was evaporated to dryness and was reprecipitated from CHCI; by the addition of MeOH.
The mixture was filtered, to afford 1A (0.66 g) as a purple solid in 38% yield.
'"H-NMR (600 MHz, CDCls): 6 -2.49 (2H, s), 0.67 (6H, t J = 7.2 Hz), 0.94 (6H, tJ = 7.3
Hz), 1.03-1.35 (8H, m), 2.75 (4H, m), 2.85 (4H, m), 5.00 (2H, s), 9.56 (4H, br), 9.72
(4H, br), 10.2 (2H, s). ESI-MS (MeOH): m/z 507.3 ([M+H]", calcd. for CasHasNa:
507.3).
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5,15-Dibromo-10,20-bis(1'-ethylpentyl)porphyrin (2A).

NBS

—_— > Br

CHClg, 0°C

1A 2A

To a CHCI3 (0.25 L) solution of 1A (0.22 g, 0.43 mmol), N-bromosuccinimide (NBS)
(98 mg, 0.55 mmol) and pyridine (1.0 mL) were added at 0°C. After being stirred for
10 min, the reaction was terminated by the addition of acetone (30 mL), and evaporated
to dryness. The crude product was purified by column chromatography on silica gel
with hexane/CHCI; (1/1) as the eluent. The residue was dissolved in CHCI3, and
reprecipitated by the addition of MeOH. The mixture was filtered, to afford 2A (0.26
g) as a purple solid in 90% yield. ‘H-NMR (600 MHz, CDCls): 6 -2.51 (2H, s), 0.70
(6H, m), 0.86 (6H, m), 1.03-1.33 (8H, m), 2.80 (4H, m), 2.93 (4H, m), 5.12 (2H, s),
9.71 (2H, br), 9.80 (6H, br). ESI-MS (MeOH): m/z 663.1 ([M+H]", calcd. for
Cs4H41BroNg: 663.2).

Zinc(I1) 5,15-dibromo-10,20-bis(1'-ethylpentyl)porphyrin (3A).

zZn (OAC) 2

Br Br ————————=Br Br
MeOH/CHCl,

2A 3A

To a CHCI3 (200 mL) solution of 2A (0.22 g, 0.33 mmol), saturated Zn(OAc), in MeOH
(30 mL) was added. After being refluxed for 2 h, the reaction mixture was quenched
with a saturated NaHCOj3; aqueous solution, and was washed with water. The
separated organic phase was dried over Na,SO, and filtered. The filtrate was
evaporated to dryness, to afford 3A (0.23 g) as a purple solid in 95% vyield. *H-NMR
(600 MHz, CDClIs): ¢ 0.67 (6H, br), 0.88 (6H, br), 1.12-1.33 (8H, m), 2.78 (4H, m),
2.91 (4H, br), 5.10 (2H, m), 9.68 (2H, br), 9.76 (4H, br), 9.79 (2H, br). ESI-MS
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(MeOH): m/z 725.1 ([M+H]", calcd. for Ca4H39BroNsZn 725.1).

5-(1'-Ethylpentyl)-15-(4'-methoxycarbonylphenyl)porphyrin (1B).

COOCH;
H H
< \6 TEA _ Chloranil
Cl\ﬁHN/Jr f * ? CHClg, rt. rt.
O H O H
COOCHS;
1B

To a CHCI; (0.80 L) solution of 2,2-dipyrrolylmethane (1.0 g, 6.8 mmol),
2-ethylhexanal (0.44 mL, 2.8 mmol), terephthalaldehydic acid methyl ester (0.77 g, 4.7
mmol), EtOH (4.0 mL) and trifluoroacetic acid (0.60 mL) were added. The solution
was stirred for 5 h at room temperature in the dark. Chloranil (3.03 g) was added to
the mixture, which was stirred overnight at room temperature. The reaction mixture
was treated with EtsN (1.1 mL) and then evaporated to dryness. The crude product
was purified by column chromatography on silica gel with CHCI; as the eluent. The
fraction containing the product was evaporated to dryness and was reprecipitated from
CHCI; by the addition of MeOH. The mixture was filtered, to afford 1B (0.43 g) as a
red solid in 28% yield. *H-NMR (600 MHz, CDCls): § -2.82 (1H, s), -2.75 (1H, s),
0.67 (3H,t,J=7.3 Hz), 0.98 (3H, t, J = 7.4 Hz), 1.25-1.35 (4H, m), 2.83 (2H, m), 3.00
(2H, m), 4.13 (3H, s) 5.18 (1H, s), 8.34 (2H, d, J = 8.3 Hz), 8.48 (2H, d, J = 8.3 Hz),
9.39 (2H, d, J=4.4 Hz), 9.45 (2H, d, J = 4.6 HZz), 9.47 (2H, d, J = 4.7 Hz), 9.74 (1H, d,
J=4.0Hz),9.81 (1H, d, J = 4.2 Hz), 10.3 (2H, s).
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5,15-Dibromo-10-(1'-ethylpentyl)-20-(4'-methoxycarbonylphenyl)porphyrin (2B).

__NBS _ B Br
CHCl;, 0°C '
COOCHs COOCH;
1B 2B

To a CHCI; (0.15 L) solution of 1B (0.15 g, 0.28 mmol) was added
N-bromosuccinimide (NBS) (98 mg, 0.55 mmol) and pyridine (1.0 mL) at 0°C. After
being stirred for 10 min, the reaction was terminated by the addition of acetone (30 mL),
and evaporated to dryness. The crude product was purified by column
chromatography on silica gel with hexane/CHCI3 (1/9) as the eluent. The residue was
dissolved in CHCI3, and reprecipitated by the addition of MeOH. The mixture was
filtered, to afford 2B (0.18 g) as a purple solid in 95% yield. *H-NMR (600 MHz,
CDClg): 0 -2.85 (1H, s), -2.78 (1H, s), 0.64 (3H, t, J = 7.3 Hz), 0.96 (3H, t, J = 7.4 Hz),
1.19-1.31 (4H, m), 2.80 (2H, m), 2.99 (2H, m), 4.12 (3H, s) 5.14 (1H, s), 8.32 (2H, d, J
= 8.3 Hz), 8.46 (2H, d, J = 8.3 Hz), 9.36 (2H, d, J = 4.3 Hz), 9.44 (2H, d, J = 4.6 Hz),
9.46 (2H, d, J = 4.5 Hz), 9.72 (1H, d, J = 4.0 Hz), 9.80 (1H, d, J = 4.2 Hz). ESI-MS
(MeOH): m/z 699.1 ([M+H]", calcd. for C3sH33BrN4Oy: 699.1).

5-Bromo-10,20-bis(1'-ethylpentyl)porphyrin (4A).

NBS

o NES Br
CHClg, 0°C

1A 4A

To a CHCI; (750 mL) solution of 1A (0.62 g, 1.2 mmol), N-bromosuccinimide (NBS)
(0.17 g, 0.96 mmol) and pyridine (10 mL) were added at 0°C. After being stirred for
10 min, the reaction was terminated by the addition of acetone (250 mL), and
evaporated to dryness. The crude product was purified by column chromatography on
silica gel with hexane/CHCI3 (1/1) as the eluent. The residue was dissolved in CHCls,
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and reprecipitated by the addition of MeOH. The mixture was filtered, to afford 4A
(0.39 g) as a purple solid in 55% yield. ‘H-NMR (600 MHz, CDCls): 6 -2.51 (2H, s),
0.65 (6H, t, J = 7.3 Hz), 0.94 (6H, t, J = 7.3 Hz), 1.28 (8H, m), 2.77 (4H, m), 2.92 (4H,
m), 5.04 (2H, s), 9.32 (2H, br), 9.59 (2H, br), 9.66 (2H, br), 9.85 (2H, br), 10.0 (1H, s).
ESI-MS (MeOH): m/z 584.2 (M", calcd. for Ca4H41BrN,: 584.3).

Zinc(I1) 5-bromo-10,15-bis(1'-ethylpentyl)porphyrin (5A).

Zn(OAc),

Br ——— Br
MeOH/CHCl3

4A 5A

To a CHCI3 (350 mL) solution of 4A (0.36 g, 0.61 mmol), saturated Zn(OAc); in MeOH
(30 mL) was added. After being refluxed for 2 h, the reaction mixture was treated with
a saturated NaHCO3; aqueous solution, and was washed with water. The separated
organic phase was dried over Na,SO,4 and filtered. The filtrate was evaporated to
dryness, to afford 5A (0.36 g) as a purple solid in 90% yield. ‘H-NMR (600 MHz,
CDCl3): 0 0.68 (6H, t, J =7.0 Hz), 0.90 (6H, t, J = 7.0 Hz), 1.12 (8H, m), 2.82 (4H, m),
2.98 (4H, br), 5.19 (2H, s), 9.38 (2H, m), 9.77 (2H, br), 9.85 (2H, br), 9.88 (2H, d, J =
4.3 Hz), 10.1 (1H, s). ESI-MS (MeOH): m/z 646.1 (M", calcd. for CssHzgBrN4Zn:
646.2).

Zinc(11) 5,15-bis(1'-ethylpentyl)-10-ethynylporphyrin (6A).

H=-TIPS
Pd(PPhs),Cl,, Cul TBAF
r

EtzN/Toluene, 50°C  THF

5A 6A

5A (0.41 g, 0.63 mmol) was dissolved in anhydrous toluene (100 mL) and distilled EtsN
(20 mL), and the mixture was degassed by three freeze-pump-thaw cycles. To this
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solution were added Pd(PPh3).Cl, (49 mg, 70 umol), Cul (17 mg, 89 umol), and
triisopropylsilylacetylene (2.8 mL, 13 mmol). After being stirred for 3 h at 50°C, the
reaction mixture was evaporated to dryness. The crude product was purified by
column chromatography on silica gel with hexane/CHCI; (1/1) as the eluent. The
fraction containing the product was evaporated to dryness. The product was dissolved
in tetrahydrofuran (150 mL), and 1 M tetrabutylammonium fluoride in tetrahydrofuran
(3.3 mL) was added. The mixture was stirred for 30 min, and evaporated to dryness.
The residue in CHCI3; was washed with water, and the organic phase was dried over
Na,SO4. After removing the drying agent, the filtrate was evaporated to dryness, to
afford 6A (0.29 g) as purple-red solid in 78% yield. 'H-NMR (600 MHz, CDCls): &
0.65 (6H, m), 0.87-1.10 (14H, m), 2.78 (4H, m), 2.98 (4H, m), 4.29 (1H, s), 5.30 (2H, s),
9.38 (2H, d, J = 4.1 Hz), 9.75 (2H, d, J = 4.4 Hz), 9.84 (4H, m), 10.08 (1H, s).
ESI-MS (MeOH): m/z 592.2 (M", calcd. for CagHaoN4Zn: 592.3).

5,15-Bis(1'-ethylpentyl)-10-(4'-methoxycarbonylphenyl)porphyrin (1C).

COOCH;
H_H
Cgé C‘/% TFA Chloranil O COOCH
\_NHHN—< ¥ NNHHNZ * CHClg, r.t. r.t. s
O H

1C

To a CHCI; (0.78 L) solution of (4"-methoxycarbonylphenyl)-2,2'-dipyrrolylmethane
(3.45 g, 12.3 mmol), 2,2"-dipyrrolylmethane (0.45 g, 3.1 mmol), 2-ethylhexanal (1.4 mL,
9.2 mmol), EtOH (4.0 mL) and trifluoroacetic acid (0.80 mL) were added. The
solution was stirred for 2.5 h at room temperature in the dark. Chloranil (3.05 g) was
added to the mixture, which was stirred overnight at room temperature. The reaction
mixture was treated with EtsN (1.2 mL) and then evaporated to dryness. The crude
product was purified by column chromatography on silica gel with hexane/CHCI; (3/17)
as the eluent. The fraction containing the product was evaporated to dryness and was
reprecipitated from CHCI; by the addition of MeOH. The mixture was filtered, to
afford 1C (0.12 g) as a purple solid in 6% yield. *H-NMR (600 MHz, CDCls): § -2.50
(2H, s), 0.65(6H, m), 0.91 (6H, m), 1.22-1.33 (8H, m), 2.76 (4H, m), 2.94 (4H, br), 4.14
(3H, s) 5.09 (2H, br), 8.29 (2H, br), 8.43 (2H, d, J = 7.3 Hz), 9.38 (2H, br) 9.54 (1H, br)
9.60 (1H, br), 9.65 (1H, br), 9.73 (1H, br), 10.1 (1H, s). ESI-MS (MeOH): m/z 641.4
([M+H]", calcd. for C4oHs9N4O,: 641.4).
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5-Bromo-10,20-bis(1'-ethylpentyl)-15-(4'-methoxycarbonylphenyl)porphyrin (2C).

NBS O
COOCHz ———= Br COOCH
w O i HCIS’ OOC w i

1c 2C

To a CHCI; (0.22 L) solution of 1C (0.16 g, 0.25 mmol) was added
N-bromosuccinimide (NBS) (45 mg, 0.25 mmol) and pyridine (1.0 mL) at 0°C. After
being stirred for 10 min, the reaction was terminated by the addition of acetone (50 mL),
and evaporated to dryness. The crude product was purified by column
chromatography on silica gel with hexane/CHCI; (3/17) as the eluent.  The residue was
dissolved in CHCI3, and reprecipitated by the addition of MeOH. The mixture was
filtered, to afford 2C (0.17 g) as a purple solid in 95% vyield. *H-NMR (600 MHz,
CDClg): 0 -2.44 (2H, s), 0.66 (6H, t, J = 7.3 Hz), 0.93 (6H, m), 1.18-1.38 (8H, m), 2.73
(4H, m), 2.89 (4H, br), 4.13 (3H, s), 5.02 (2H, br), 8.25 (2H, br), 8.42 (2H, d, J = 7.8
Hz), 8.70 (2H, br), 9.46 (1H, br), 9.52 (1H, br) 9.58 (1H, br), 9.65 (1H, br), 9.79 (2H,
br). ESI-MS (MeOH): m/z 719.3 ([M+H]", calcd. for C4H4sBrN;O,: 719.3).

Zinc(I)
5-bromo-10,20-bis(1'-ethylpentyl)-15-(4'-methoxycarbonylphenyl)porphyrin (3C).

Zn(OAc)2
Br COOCHy —————— Br COOCH;
w O 3 MeOHICHCI; O

2C 3C

To a CHCI3 (150 mL) solution of 2C (0.17 g, 0.23 mmol), saturated Zn(OAc), in MeOH
(20 mL) was added. After being refluxed for 2 h, the reaction mixture was treated with
a saturated NaHCOj3; aqueous solution, and was washed with water. The separated
organic phase was dried over Na,SO,4 and filtered. The filtrate was evaporated to
dryness, to afford 3C (0.18 g) as a purple solid in 95% vyield. ‘H-NMR (600 MHz,
CDCls): 0 -2.44 (2H, s), 0.67 (6H, m), 0.91 (6H, m), 1.06-1.33 (8H, m), 2.77 (4H, m),
2.93 (4H, br), 4.12 (3H, s), 5.14 (2H, br), 8.27 (2H, br), 8.42 (2H, d, J = 7.1 Hz), 8.83
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(2H, m), 9.55 (1H, br), 9.63 (1H, br) 9.72 (1H, br), 9.85 (1H, br), 9.94 (1H, br).
ESI-MS (MeOH): m/z 780.2 (M", calcd. for C4,HssBrN,0,Zn: 780.2).

Zinc(I)
5,15-bis(1'-ethylpentyl)-10-ethynyl-20-(4'-methoxycarbonylphenyl)porphyrin (3D).

H=TIPS
Pd(PPhs),Cl,, Cul
Br O COOCH; (PPh3)2Cl TBAF
EtsN/toluene, 50°C  THF

3C
3C (0.18 g, 0.23 mmol) was dissolved in anhydrous toluene (75 mL) and EtzN (15 mL),
and the mixture was degassed by three freeze-pump-thaw cycles. To this solution were
added Pd(PPhg),Cl, (20 mg, 28 pumol), Cul (12 mg, 63 pmol), and
triisopropylsilylacetylene (1.1 mL, 5.1 mmol). After being stirred for 1.5 h at 50°C,
the reaction mixture was evaporated to dryness. The crude product was purified by
column chromatography on silica gel with hexane/CHCI3; (1/1) as the eluent. The
fraction containing the product was evaporated to dryness. To a tetrahydrofuran (50
mL) solution of the product, 1 M tetrabutylammonium fluoride in tetrahydrofuran (0.61
mL) was added, and the mixture was stirred for 30 min. The reaction mixture was
evaporated to dryness. The residue in CHCI3; was washed with water, and the organic
phase was dried over Na,SO,. After removing the drying agent, the filtrate was
evaporated to dryness, to afford 3D (0.14 g) as purple-red solid in 87% yield. ESI-MS
(MeOH): m/z 757.3 ([M+CH30], calcd. for C45sH49N4O3Zn: 757.3).
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Zinc(11)5,15-bis[[zinc(11)10%,20'-bis(1"-ethylpentyl)porphyrin-5'-yl]ethynyl]-10-(1"-
ethylpentyl)-20-(4'-methoxycarbonylphenyl)porphyrin (Zn-Zng-Zn).

Pd,dbag, AsPh; Zn(OAc),
=—H + Br Br
EtzsN/THF MeOH/CHCl;
COOCH;
6A 2B

6A (0.24 g, 0.40 mmol) and 2B (87 mg, 0.12 mmol) were dissolved in anhydrous
tetrahydrofuran (0.15 L) and EtzN (30 mL), and the mixture was degassed by three
freeze-pump-thaw cycles. To this solution, Pd,(dba)s (18 mg, 19 pmol) and AsPhs (45
mg, 0.15 mmol) were added. After being stirred for 16 h at 40°C, the reaction mixture
was evaporated to dryness. The crude product was purified by column
chromatography on silica gel with CHCI3 as the eluent. The fraction containing the
product was evaporated to dryness, and dissolved in CHCIl;. The product was
reprecipitated by adding a small amount of MeOH. To a CHCI;3(0.10 L) solution of
the product, saturated Zn(OAc), in MeOH (6.0 mL) was added. After being refluxed
for 5 h, the reaction mixture was treated with a saturated NaHCOj3 aqueous solution, and
was washed with water. The separated organic phase was dried over Na,SO, and
filtered. The filtrate was evaporated to dryness, to afford Zn-ZnE-Zn (0.20 g) as a
black solid in 93% yield. *H-NMR (600 MHz, C4Dg0): d 0.67 (12H, t, J = 7.3 Hz),
0.77 (3H, t, J = 7.3 Hz), 1.07 (12H, m), 0.89 (6H, m), 1.29-1.32 (20H, m), 2.92 (10H,
m), 3.16 (10H, m), 4.12 (3H, s), 5.46 (4H, m), 5.62 (1H, m), 8.53 (2H, m), 8.58 (2H, d,
J=7.6 Hz), 9.07 (2H, m), 9.36 (2H, d, J = 4.1 Hz), 9.38 (2H, d, J = 4.3 Hz), 9.74 (2H,
m), 9.83 (1H, d, J = 4.3 Hz), 9.85 (1H, d, J = 4.3 HZz), 9.95 (3H, m), 10.07 (2H, s), 10.09
(3H, m), 10.48 (2H, d, J = 4.7 Hz), 10.58 (6H, m). MALDI-TOF-MS: m/z 1784.3 (M",
calcd. for C1o7H108N1202Zn3: 1784.7).

Zn-ZnE-Zn
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Zinc(I1)5-(4'-carboxyphenyl)-15-(1'-ethylpentyl)-10,20-bis[[zinc(11)10",20’-bis(1"*-et
hylpentyl)porphyrin-5'-ylJethynyl]porphyrin (Zn-ZnA-Zn).

NaOH
MeOH/THF

Zn-ZnE-Zn Zn-ZnA-Zn

To a THF/MeOH (60/30 mL) solution of Zn-ZnE-Zn (0.11 g, 60 umol), 1.0 M NaOH
aqueous solution (6.0 mL) was added. After being refluxed for 15 h, the reaction
mixture was evaporated to dryness. Water and 0.1 M HCI aqueous solution (60 mL)
were added to the residue. The mixture was stirred for 1 h at room temperature, which
was filtrated, to afford Zn-ZnA-Zn as a black solid quantitatively. MALDI-TOF-MS:
m/z 1770.8 (M*, calcd. for CigsH106N1202Zn3: 1770.6). ESI-HRMS (MeOH): m/z
901.3238 ([M+CH30H]*, calcd. for C107H110N1203Zn3: 1802.6698).

Zinc(11)5-bromo-10,20-bis(1'-ethylpentyl)-15-[[zinc(11)10,20"-bis(1"*-ethylpentyl)-1
5'-(4""-methoxycarbonylphenyl)porphyrin-5'-yllethynyl]porphyrin (Br-Zn-ZnE).

COOCH Pd,dbag, AsPhg

+ H—== —_—

Br Br 3 T ELNITHF B
3A 3D

3A (0.18 g, 0.24 mmol) and 3D (0.29 g, 0.40 mmol) were dissolved in anhydrous
tetrahydrofuran (100 mL) and EtzN (20 mL), and the mixture was degassed by three
freeze-pump-thaw cycles. To this solution, Pdy(dba); (20 mg, 0.022 mmol) and AsPhg
(55 mg, 0.18 mmol) were added. After being stirred for 24 h at 40°C, the reaction
mixture was evaporated to dryness. The crude product was purified by column
chromatography on silica gel with hexane/CHCI; (1/9) as the eluent. The fraction
containing the product was evaporated to dryness, to afford Br-Zn-ZnE (0.17 g) as a
brown solid in 50% vyield. 'H-NMR (600 MHz, C4DgO): 6 0.68 (12H, m), 1.03-1.08
(12H), 1.30-1.42 (16H), 2.86 (8H, m), 3.16 (8H, m), 4.09 (3H, s), 5.42 (4H, m), 8.32
(2H, m), 8.44 (2H, m), 8.75 (1H, m), 8.77 (1H, m), 9.71 (2H, d, J = 4.3 Hz), 9.75 (2H, d,
J =4.2 Hz), 9.79 (2H, m), 9.97 (1H, s), 10.01 (2H, m), 10.07 (1H, s), 10.54 (4H, s).

Br-Zn-ZnE
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ESI-MS (MeOH): m/z 1371.4 ([M+H]", calcd. for C7gHgsBrNgO,Zn,: 1371.4).

Zinc(11)5,15-(1"-ethylpentyl)-10-[[zinc(11)10*,20"-bis(1"*-ethylpentyl)-15-(4"*-metho
xycarbonylphenyl)porphyrin-5'-yllethynyl]-20-[[zinc(11)10,20-bis(1"*-ethylpentyl)
porphyrin-5'-yllethynyl]porphyrin (Zn-Zn-ZnE).

Pd,dbag, AsPhg
Et3N/THF

6A Br-Zn-ZnE Zn-Zn-ZnE

6A (29 mg, 49 umol) and Br-Zn-ZnE (16 mg, 12 umol) were dissolved in anhydrous
tetrahydrofuran (20 mL) and EtsN (4 mL), and the mixture was degassed by three
freeze-pump-thaw cycles. To this solution, Pd,(dba); (1.1 mg, 1.1 umol) and AsPhs
(2.8 mg, 9.1 umol) were added. After being stirred for 26.5 h at 40°C, the reaction
mixture was evaporated to dryness. The crude product was purified by column
chromatography on silica gel with hexane/CHCI; (1/9) as the eluent. The fraction
containing the product was evaporated to dryness, to afford Zn-Zn-ZnE (12 mg) as a
black solid in 52 % yield. 'H-NMR (600 MHz, C4Dg0): 6 0.65-0.71 (12H), 0.82-0.95
(24H), 1.07-1.10 (12H), 1.17-1.22 (12H), 2.94 (12H, m), 3.23 (12H, m), 4.09 (3H, s),
5.34-5.52 (6H, m), 8.33 (2H, m), 8.45 (2H, m), 8.75 (1H, m), 8.78 (1H, m), 9.36 (2H, d,
J=4.1Hz),9.38 (1H, d, J = 4.2 Hz), 9.85 (1H, m), 9.87 (1H, m), 10.03 (2H, sl), 10.06
(4H, m), 10.13 (2H, sl), 10.61-10.56 (7H). ESI-MS (MeOH): m/z 941.3 (M, calcd.
for C114H122N12,0,2Zn3: 1882.77).

Zinc(11)5,15-(1"-ethylpentyl)-10-[[zinc(11)15'-(4"'-carboxyphenyl)-10',20'-bis(1"-eth
ylpentyl)porphyrin-5'-yllethynyl]-20-[[zinc(11)10",20-bis(1"*-ethylpentyl)porphyrin
-5'-yllethynyl]porphyrin (Zn-Zn-ZnA).

NaOH
COOCH; "MeOH/THE

Zn-Zn-ZnE Zn-ZnA-Zn

To a THF/MeOH (30/15 mL) solution of Zn-Zn-ZnE (12 mg, 6.4 umol), 1.0 M NaOH
aqueous solution (0.6 mL) was added. After being refluxed for 15 h, the reaction
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mixture was evaporated to dryness. Water and 0.1 M HCI aqueous solution (6 mL)
were added to the residue. The mixture was stirred for 15 min at room temperature,
which was filtrated, to afford Zn-Zn-ZnA as a black solid in a quantitative yield.
ESI-HRMS (MeOH): m/z 633.2571 ([M+CH30]*, calcd. for (C113H120N120,Zn3)%
633.2572).
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4-2-4. FHRAKGE O ERES & 0GR

4-2-4-1. EMI L OV DSSC DfEf

BB (RRRE SET-BLF ¥ B

b % ML, kT % > aa A R~<—2A (Solaronix SA fh)&Z A7V
— VEIRET 7 v # R—7 b A2 R(FTO)EEMRAT = H T 2 MK F(10 Q-ecm,
H A )2 16 mm2 (4mm X4mm)&EAA9 5 Z & TER L7, BRI, &f L
120°C30 srM Dz 0 K3 2 & THHi%. 500°C30 43 DBERELERIZ X Y
B L 7=, BERE L7 (LT & B4 0.1 M TiCly KIFHRIZ 30 /5 EiRIE S ¥ %
ALER 2 i U 7= . 500°C CHOVEERELEE L 7=,

FEMRIL, BT ¥ S EmE ORIRRIZIRE LR TS Sk, RIER
BT 5 Z & TERL L7,

AR
ALY 2 DL R IR,
0.025 M Iz, 0.44 M DMPIIL, 0.1 Lil #&d&e7 & F= F U LIRIK

Wb F & =
FEEHEEOFMIL 10um b D%, BT ¥ ETOWILA~LT F LV
TEWELTIE, SumDOb D& {FHHA LT,

BRIRIR

AL TR, RIEEEEOE N K 5 B E MR OB LR 5780, RIE
LI A R LT T R TOBRICEBW TEWEEZ R L2V AT IVARIV AT
FOMPF) 2 U7z, AR L T, 463 0.06mM T L7Z,

.58 KRS BBt D YRR

DSSCIEX 6 IR L HITHER LTz, A_X—H— LR B/~ ¢ /L A(80 um,
AT, BBENERE LTELTF X B E Pt AREEEEN S T AR
(Pt: 100nm, ~0.01 Q * em™ )25 [R5 X THERAIA A TZ1% . SHEAR > & EE AR R
(CEMRIE A EAN LT, JIERNL, By =027 Y v 7 &8k L OLERE
L7,
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4-2-2-2. FCEEHFEE O M

KEEIT., KRB Z BT DAY 7 8 D412 L DRI SOHEL A 32
Hich, MRIZET HRARBEIIRKRTONRKEICEKGFT S, 22T, Kb
JEANRT FVIE, ASTHA 907 TOMRERITKT 2 EEORKREOLLTEREND
KR 7 < A(Air Mass : AM) CEZREINTW5, KEGEMEHE 2 b4 55
AIIAH AN 41.8° TOEFENRAM. 1.5)%FH, S 5ICHEXRFEO H58(1000
W/m2, 280~ nm) F CHEOALHEI, BHEIC K DFHM JIS Bk TED bl
TW5a,

EF-EEREA-V SR HIE
AEBRTIX, BEUKEEELT300W Xe 707V —F—v a2l —HF—
(YSS-80,300 W-Xe 7 7, IUFELE) MW, =7 ~A7 4 )V Z— %@l
L7ZBE D 227 h Ly AM1.5G (20t 5 2 & Z [BIPr R 745 6 1l it &
(LS-100, J5LAERE) 12X VR LTz, I HIC, “REHET Y o KiGEmE
W TR YETRE 2 100 mW em2 ICFAET L7z, Z OEEURE & SERM D &
WL, 72 a x4y b (HSV-100F, dt3FET) 2 W TCEMEZANDE
#e19 252 LTIV a5,

A ETERIPCEHIE

S 123 (IPCE: Incident Photon-to-current Conversion Efficiency) &
%, AS L7280 U TR IREE THMBIEIR IR T2 B DEIG 27,
EEDOHERIZRB T 2MBETF2IRIL, U To X ICEHI D,

IPCE(1) =1240 (Joe / 1 W)

A EOEE (nm), Wi AFHETREW cm™2),
Jue © BHAOSEHRE T OBEKEREE (mW cm?2)

AREBRTIZ,. Xe 7o T HE2T /) 710 A—%— (SM-250E) THAEIZ L, BE
NS RBEd 2 2 & THRIERICBIT 2 ERMBEZNTE L, £ LT, Z0OHE
PEIEFE D Si 7 4 M F A F— F (S1337, /et e D IEEFME & i+ 5 =
& TDSSC DM ETFR =" Lz,
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4-3. FER L ER

4-3-1. WET U H—DEAFT AN RV E—L~YLIZE x B8

AR LT TF =RV T 4 U N IA~—D T AF KRNV LT I RHPT
DWILA LT LB L OFENART MV EK 4-3 1R 0L, & HITHHIGT DR
HF31LICELE O, AR LI F = V@RV T ¢ U v b T A ~—DOWIN
%312 870 nm T - 7=, Alkyl-Zn-ZnA-Zn ® Q 5 OWIHE K (793 nm) T
Alkyl-Zn-Zn-ZnA @ #7(786 nm){Z T 7 nm EREMICALE Lz, 2
T 2 =V HIVIR CERNE AN ST 2 LS K DA 8 O R R EEE R FL S L
EZ NS, FEEMORINE50-520 nm)IZBWTIE, Y — LiEO5 2 8l
SN, ZONEE, =X TR TV U THERIC L o THATE 5, Ak
LI R TIA—DF%RNVT 4 U VBRIZ, HNICERZT S 2 DO MHRE—
Ay hEbD, TORD, GEMSTROEBIHRE—A Y NIz hod
v 7Y XD IEREEN SR L K= R L — O FhEDIRRE ~ DB A3 FF
@&ﬁ@ V= LH ORI E — 27 13 ) ~—DZ IR TR RN E T

. FEAENCEAZT HAEBNIGFE— AL FOZX Ny Y S
li\ 5&¢T*;é“9”éﬂ</l/74’ UVEBRO AL, 2R LY —LHICBT 55
BEMOWRE—2 %2525, BIISNTZRILARY SVTHE, fEEICER
95 B RGA-T— A > MZAY 9% 400-450 nm T ORI E— 27 37 17—

MM Uiz, BT 2807 0 U UEREWVEREZ D T A ~—Tik, &V
BN RV F—% G OEIRE~OEBENHR ERDLDITx L, 2 Uil B
HBBFE—A L Fae b DN T4 —TIEE/v—DOFNEIR LI uu%*féo S
L. A —DERTICEBNTHEA R _mAZLBEET 01, WIRY
— 73R & IR R I S NS T2 ORI B — 7 [T “WTé&%Z%hé
BHFERIZ EROERLE T D2HLDTHoT-, AL IA~—DY—1L
W2 d 5 &, Alkyl-Zn-Zn-ZnA O ERIOWILE— 27 (419 nm)iZ
A&ﬂthﬁZn@%numnM’w&f FREANALE Lz, ZDZ L)

IR CIXREWAED b7 A ~—1, BEREDO L O T HANK
%b\T’* UN7eiEE DO R T7A~—NEL ML TNDEEZLND,
Alkyl-Zn-Zn-ZnA OFYEM R R (849 nm) X, Alkyl-Zn-ZnA-Zn D% 11(842
nm)IZ R TEERANCAE L, Zhud, QFo@EmesE —HL, A h—7 2y
7 ~(Alkyl-Zn-ZnA-Zn : 0.11 eV, Alkyl-Zn-Zn-ZnA : 0.11 eV){Z[F] U & 7= L 7=,

BRLTIEBREOT RN T — L)L E BES 5720, WMy VARV EZ A K
U —(DPWIZ & » TR L& TTEA 2 RE Lz, X 4-5 113y SV ARV Z T T
T LE L, K42 IZIEBILESCEMNOEE £ & DT, Alkyl-Zn-ZnA-Zn O
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—BRALFENTIE, Alkyl-Zn-Zn-ZnA O Z I HAT 0.02 V IERNCALE LTz, — 77,
B—ImICBNLIZ OV T, Alkyl-Zn-Zn-ZnA(-1.46 V)73, Alkyl-Zn-Zn-ZnA(-1.44
WIZ T 0.02 V AMRNZALE LT,

bR IREE DL BN Z L FOX bR M Lz, RO EMEZ HV 5
HEHIX, F R TBEMIERICH L TET 1 OBRIICH 2T =40k
RRIZKHST D728, BRI ANALET D7D Th D,

Eo" = Eox — Eoo

Eox : FLJEAIRBE DRRALFENL,
Eo-o bR RE D = )L — (SO ORI R 7 & L)

X 4-6 IR LT Rf NN — LIV A T T T hns, Gk LIERFEOE R
BB, H2a vFE L Ry 7 ZCHIET HEME D & EMNALE L, bk
REDFLBENLIZ DWW T Sl 7 DR TELT & AMEH Tl s 3 2 B0 &
DHAMNAE LT, 202D, AL 2 O0O6BFILX, I UVRL Ny
AR OBILT & o ODBEBFRZICUBERIZRIN X — LV 2z L TWNDH T &
MWbinolz, 6T, FAaBROFIRIREDBRLENMIC OV T T 5 & Jiih
W3 D Alkyl-Zn-ZnA-Zn(-0.89 V) & R il 4% O Alkyl-Zn-Zn-ZnA(-0.90 V)I%1%
FERICEE R LIZZ D, BFEACBWTZ R L —L-ULIciTiZ & A
EEANNZ ERbhoTz,

%31 AR LI R I A~ —OHET ¥

Compound Absorption Amax [nm] Emission Amax [nml]
(e[105 M1 cm1])
Alkyl-Zn-ZnA-Zn 416(1.16), 495(1.36), 786(0.60) 843
Alkyl-Zn-Zn-ZnA 419(1.11), 489(1.19), 793(0.55) 851
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4-5. G LTe F T A~ —D/NIVARIVE ET T A,

#3-2. AL T A ~—DffbiEcEN (L V vs. Fe/Fet)

Compound E vear FE ox1 E ox
Alkyl-Zn-ZnA-Zn -1.44 0.13 -0.44
Alkyl-Zn-Zn-ZnA -1.46 0.11 -0.44

E/V
vs. SCE
A Alkyl-Zn-ZnA-Zn
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ZEH T i
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4-3-2. LT X v EICB T DWEFEOWE T v I — KA

4-3-2-1 MM A2 ML OAREIKEERLEKENE

(b T % o ETO N T A ~—DOWRE T OFEDN I EEENZ L IE T BN
TR L7z, X 4-7T IZI3FIRERICB I 28T % v ETO R T A4 ~—D
AT MV R LT,

AR LTc=F = VEFERLT U b T A ~—D Q T ORI KIK K13, 806
nm (Alkyl-Zn-ZnA-Zn). 831 nm (Alkyl-Zn-Zn-ZnA)\Zf7E L, &2 750
nm T2y a VA —E—7 BERIENT-, Znb0 Q ORI, (AFER
RO T 2 BERIR IR IR R OB RIZ W B e 5 %8 2o LTz,
Alkyl-Zn-Zn-ZnA OWSGEE 1L, IR OB RICEWO B GRS HIN L7228,
Alkyl-Zn-ZnA-Zn O % TiRiE 2 R TRAMEZ R L7z, BIRT TOEAOL
BRENIZEZEFRCETHL Z b, WEAREDOEIZERTLIHDOTHD, L
kﬁofxAmﬂmeﬂmA@w%é$§jAmﬂmemzn@%m’%NT
W EZOND, Tt K4-8I1Tx L7z K T bT & xt LTl
0] CWeE 7 5 Alkyl-Zn-ZnA-Zn |%, Bl 518 Tl &3 % Alkyl-Zn-Zn-ZnA (2t
RTC, BbFZ R EMm ETOBR 1Y) OWERBNLIRIWEDHEESE
z%mé —J7. 750 nm fHFED Y g W F—v— 7 1%, FEFIL|TIRER R o1y

ICEEWEFRICHEIN L=, 2oz Enn, FaFRITERILT ¥ o REIZBWT
EHWER L TWD Z ERE ST,

4-3-2-2 SLEEHRHE O ARBIRRBERBKFE

%M%&/ﬁﬁ BIFD N IFTA~—DZ 9 LI EEEB O S Haks
P RIETEBICOWTHRH LTz, K4-9121%, b T4 ~—D Q Hr ORI K
&E%iv/aw& B — 7 MR 2% 73% 0 IPCE i 2 AR AR~ D%
{bF & EMRERH T2 > R LTz,

KOFILITIL T & ERORIBRER 2 KT D120, ®HeT DR TO
IPCE fEIZHAFRICB W CTHGFAZAD 2R Lz, FFIC, FEaBICBWTIOLED
HMABEE Ch ooz O H B WERICH KT 5 750 nm {15 To IPCE &
%, BB ZRLT0nD Z b, AEFBICBWTETF X ETOHE
AT EEERIZIZE A LTS LW ERRB I,
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4-3-3.  FLWGEFIRINZH R DE W

(b7 % v ETCOBFEOR G Z IfT 5 72D R EANZ SV TRET L
7o AR TITHHBERE LT AT a— A BE2FH L, T4Fa—1
MBITOEDRNDD Z ENMONTEY, BROSEEMHITHEEZ LS,
W JTEE LT, BRBERICIERERZRML, BT Z# A iRiE S &
5HZETHEE I, K4-1012F, TAF - @gae Ll E S RO
{bF % v ETCOBRORINART MriarLT,

B LT N T A4 ~—0 HESEEREMRICHNKT D 750 nm Dy 2 VX4 —F
— 7%, LERIOTRIMBEOINI BT T8 TR %8 2R Lz, 4l
FF 1T ET D Alkyl-Zn-ZnA-Zn 1%, ILWAEFIGSINEOEINZ N 750 nm £
TOE—7 1 3EBEHKEOWRINE— 7 IZH_RTREZHED Lz, LIzR->T, 7
Fx T a—NARRIZE > TRILTF % v ETO b7 A ~—0 H 2B IH &
NTWDZ Wi, —J4., RihhmckE 7T %5 Alkyl-Zn-Zn-ZnA 13,
AR OTINZ L HTIFIER C AR MAVBIRTH -7z, LTR- T, Elil
HETOWETIE, TAFVa—VBRBRILF X ETO RN T4 ~—DHEH
RIERLZ A0 IS T & TV Z LRI S iz,

FE T, A A 2 U0 U 7 BR O B URF M~ D S BRZ DWTRRET L T2,
4-11 1%, K EFE % 72 DSSC DX NBELEBSFENT A —F 2T A F v a—
AEREECTay h LT, T4 %Y a— L0 RN Rl 5 1 T 54 5
Alkyl-Zn-ZnA-Zn & Efili)5 16 TW#ET 5 Alkyl- Zn Zn-ZnA OFAE BB Ji
[IRIEIZmA B L7, Zhud, AR OWRING X 0 ERTBEh 3w B LT
HZEERBLTND, @ﬁ_kfwabt . Rl G mCRET S
Alkyl-Zn-Zn-ZnA 1%, {KIRE CRKRMEE R Lt DIZxf L, B mCRAET D
Alkyl-Zn-ZnA-Zn (3EEE CEVMEIZE LTz, Alkyl-Zn-ZnA-Zn TiX, +C
DIRNT 4 VNPT X o REIZITSL 2, HEAWEWERZISIT 572
DIIETRTORNLT 4 U VBRICT AR a— VBN G5 THIVNERS L, —
5T, Alkyl-Zn-Zn-ZnA T, WET > —% L ORNVT 4 U UVEBROLDERL
FHRmMIEDL T, T A ~—0O HESBWERZ T 5 2O vnE R
TAFX v a—NROEN, Alkyl-Zn-ZnA-Zn ([ZHER_X TR ELlzd i 8B 2
5D, BKEIE Ve lZOW TR, T4 F ¥ a— L EBROUSHIIEDOHE I,
Alkyl-Zn-ZnA-Zn TiHZIE—EDMEEZ R L7-DIZXT L, Alkyl-Zn-ZnA-Zn Tl
Kigzm ERNBHIESN T, 29 LEFRRKICOWTIHNS =9, % DSSC DiFE
WA el L7= (X 4-12), Alkyl-Zn-ZnA-Zn ORFEHTIL, 7‘2!“% va—LEEDT
Nz X o TRIEIZHH S 7223, Alkyl-Zn-Zn-ZnA O ZFUTED LM S
Rinott, ZOZENG, Alkyl-Zn-ZnA-Zn 2BV T, T A F T o — LER
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fefbF & R OEF L =3 I A F o Is & OB Z AT INE LT
WHEBEZOBND, T LIEEWIREAREDERER NG TO X ST
BRTE D, gD Alkyl-Zn-ZnA-Zn Ti%, AF 454720 O 5EEEN
RELBILTF ¥ R EDROICHE CTE P, BNEKSORENHEE THY
TAX IR K HE(ET Z R OPENRNBEF I RN TN D LB X
bhb, —JF. EfliksE o Alkyl-Zn-Zn-ZnA TlE, (AFE S04 0 5FHE
NS ST # o RiEZ OB DPIRIHEBETCE LD, THF T a—u
FROWNMNENBZF RN TN EEZ NS, LIER-T, 29 LIEMER
X, B{ETFZ o ETONITA~~—DOREREOENEKML TS EF X5,

# 4-3, R 4-4\2E, TAF T a— VBRI T D CEARRE DR
RIZOWTE & O, TORER, WIRIK 7 FFIX7T 4% ¥ a— W BRORIMEDH
IMZEENED Lz, 29 LTEERRAWN D, TR U —B 0% 5 1L,
Alkyl-Zn-ZnA-Zn TII7 4% ¥ a—/VEBIREN 37.5 mM OGEITH S =V ME
(7:2.63 %, Voe: 047V, et 9.57 mA * cm2, FF 059 % <L, —J.
Alkyl-Zn-Zn-ZnA 2>\ T, 12.5 mM OBEITHE b @V ME 2.91%( 71 2.91 %,
Voe: 0.47V, Jic: 10.8 mA + cm2, FF 05T %/~ Liz, T E TORERNLERLT
B SO TR DEN THREEWFEICEZENE L H Z ENbo ol
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(A) Alkyl-Zn-ZnA-Zn
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4-10. TAF VI VERE W AE LIZBOBRLT Z > BB 5A)
Alkyl-Zn-ZnA-Zn & (B) Alkyl-Zn-Zn-ZnA OWIL A2 kL (Q HHEKK).
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4-11. BALT X o ~DWEFRBERIED b T A ~v—% AT B K E
MK KB MERNE ST X — & O ER K IENE
(@:Alkyl-Zn-ZnA-Zn, * :Alkyl-ZnA-ZnA-ZnA).
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4-12. (A) Alkyl-Zn-ZnA-Zn & (B) Alkyl-Zn-Zn-ZnA % F\ 7= (4 3588 K
BEHIZIT DB DT A% o 3 — /VIRR B A7,
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4-3-4. WET L — OB AT R OEWIC L DN E RO

IR EANROENREOEBEDEICL D LDRONTRL 20, Fdcft
TOXKARONIE IR EFEH Lz, WEHE FRIINS & 2= 2 kit
BhRTENL Z L TR L, #451201%, Y — LHEORINBREEICIB T 5
HETDROEREFE LD, 77, K413 1IN E TR 2B HTHI12Y
TV EA LI e E RS L OYNT & 122 R L, Y — L0 EREN O
N AR Bl BT, Alkyl-Zn-Zn-ZnA OWNEE 7203 (43%) 1%
Alkyl-Zn-ZnA-Zn O F(BE5%)IZ LR THOTMDICEVMEZ /R L=, $7-, Y—L
1 DR R ORI RAZ BT, Alkyl-Zn-Zn-ZnA O NERET7-2)5%E
(38%)1%. Alkyl-Zn-ZnA-Zn O % 1U(33%)IZLE_XTH I NI EVMEEZ R~ L, [FAEE
ﬁﬁ%w%%nto_m EMD ., IR NROEITRAE AR ED A2 TILAR
<. B %%4®##ﬁb%@%%L WAL TWDZ ERnbolz, &5
2, B ETIROBEL, BEKIRETH I T-OBLT ¥ o HFOET LS
n%@%%@@%ﬁﬁ#A FE AR, 29 LIeEITEFEAZEICER
LTWbEEZXLND, BHEAGOEMD %ﬁxﬁ#i ibF 4% o EaFED
R, AFROZRAF -1 AROBEHREBICEEEZZT L2 ERMBN
TW5, ARBFZEIZEBW T, Bl g o Alkyl-Zn-ZnA-Zn %, Rl &0
Alkyl-Zn-Zn-ZnA \ZHARTTRTORNLT 4 U UBENERET ¥ o F T
HT20, B OBECBWTIEARTHL LB LN, L Laens, EEIT
Flili 4% o Alkyl-Zn-Zn-ZnA O 503 E O EF IR Z R LTZ720, b ¥
v EBFEDOIFHELUAMIRE S EBEE KT L CWDKRFREFEET I EEZLND,
FNT, ZRAFXF— LU ZHOWNTE, BIRO =R L — UL DR 6 W
H5 AT iofk%ﬂﬁw ENDMPoOTND, 2T, WET VI —0EA
NENBZEDBE NI 2 5B HONTHRFT D=0, DFTHRETE LN
7o AR ZE#E (LUMO) D /3 A 2 DWW T Rl L 7=, X 4-24 (21%, &% O LUMO
IZDOWCoR Lz, il Alkyl-Zn-ZnA-Zn CTix, WHOFLT 4 U B
LUMO [3¥)—204 LT\ D 03, Bl O Alkyl-Zn-Zn-ZnA TlX, 7 ==/
HIVR UL FEE LIZARL T 4 U VBRI LUMO WMRD Z Lol &5
i & O Alkyl-Zn-Zn-ZnA TiX, 7 ==L OV R U LA LIzRE B
LUMO M KZ A LTV DDk L, il A O Alkyl-Zn-ZnA-Zn TiZ, =
DRFE FENLUMO OHiE 7> TWDZ ENbnol-, 29 L=Z Lk, Fiil
W& DS DXL T # o EDOPIEDER Y BRE LRV EFEANTBOTHF
ThoreHE2LND,
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80 [
- 60 [
S
LIJ -
5
40
20 |
O 1 1 1 1 1 1 1 1 1 1

350 450 550 650 750 850 950
Wavelength (nm)

4 4-22. AL LTz b T A ~—DHEDR.
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4-23. AR LT b T A ~— DA ETRIER.
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# 45, 4% b T A ~—D Y — OIS TP 2%

Compound Wavelength IPCE LHE

(nm) %) %) PR -0 =R (%)
Alkyl-Zn-Zn-ZnA 420 18.2 52.0 35.1

490 19.8 59.2 33.4
Alkyl-Zn-Zn-7ZnA 420 24.1 56.0 43.1

490 25.3 65.4 38.8

Alkyl-Zn-ZnA-Zn

Alkyl-Zn-Zn-ZnA

MRELDERILI I A F L CEE

X 4-24. AR L= b7 A <~ —ORELEELE(LUMO).
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4-4. FE& 0

AETIE, =F=VEERLVT 0 U T A ~—OEmBENER L2 BEY
& LT, BbTF & o ~DEaFEOWE TN DOWT 2 O =T = LifE R 7
4 U b T4 ~—(Alkyl-Zn) WG L2, A L7TZ b T A ~— Db kaED
AL BALTIZIER CEZ R L, BT EABOWTUIZ R F —HITEZN RN &
BNbinolz, il o Alkyl-Zn-Zn-ZnA 1%, Bl % O Alkyl-Zn-ZnA-Zn (2
HARTERFEWERL2 L TEX I ENbhoTz, EliED S OIL, EHl s o
H DI TR(ET ¥ Rl 2 ROIHE CE 5720, HEEFNC L 2905
2L THHBEmWVBKEEZ R L, AMBEFIRICEBNTHEWEZ RS Z
ENPMIoT, T LTINS E T IEOEIL, WELEREIZL DO TIERL,
BEMEICER T2 Z L RN E T IROERN O Lo T, o, EFEA
B LT, BbT & > L DB T TR ETRELEET HILERHDH Z L
LY SYIREY

S BT ENMERS O i bz £ 0 Bl E O Alkyl-Zn-Zn-ZnA O3 /RF4ME
1 (800nm~ )T FBI1T DAMTETFLRIZ4T% L . BERORL 7 ¢ ) o Rk a3
A L EVEZ R L, TR T —BH0E 513 2.9% (Vo 0.47 V, et 10.8
mA * cm?2, FF 0572 L7-(X 4-25),

60 7

50

IPCE (%)
N w D
o o o
1 1
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\
\
\
-
rd
\
N
N\
P d

=
o
T

0 1 1 1 1 1 1 1 1 1 1 1 I\-
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Wavelength (nm)

X 4-25. ERIETTO N T4 v—&H - AREBEEKEE. O IPCE A
7 b (FE#R: Alkyl-Zn-Zn-ZnA, f%#%: Alkyl-Zn-ZnA-Zn).
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F5E R

AL, =F = VEfERLV T 4V NI A ~—O&EMBIIZIT T, =F
SNVEFERNVT 4 T A =3 OMIE EORRRMEDNCELEWAEIC S 2 5
WENZOWTHHT A Z LA E LT T 7,

B2 ETIH, mF=VEFRERLT 4 ) T A~ =GR L U THEREET S
MEIDITDONT, TRAFX =L ULRERZ D 2 FED T A ~— %O
Lo AL F o LEERL T ) I v — DR F— LU,
FEBIZKRD LNDHMBESLEZN- LT, 2 b D k5 4 ~—% Hu- DSSC
(FILIT, K9 900 nm 6 ONEEEWZ R LIS, Aryl-Zn-ZnA-Zn % H\\ -
DSSC O & 7203 1%, Aryl-Zn-FbA-Zn # FH\\\/=b D LV £ 3 55 < =%
NFX— LUV DEE L TS Z Lo T, Aryl-Zn-ZnA-Zn O/ &
ZhaErix, AR OBINCEEOIHNC L VK 3 5 L. SEEOIE| A EE
THDHZ ENPNoTz, LinL, IPCE 1% 780nm T 23%ICHE 0, MBS E
DEMLEHETHDLZ ENDNoT-, ZDOLEHIT, =F = LEMHERLT )

F 74 ~—IL DSSC Htfi&aR & U THEET 5 Z L R o 7oy, JEHifEH
& By BERh RIS R > T2,

FIETIE, = F = VE#ERLVT 4 U T A ~—DEBEMBENEDOM %
HEOE LT, WET VI —OEAESSHN R D 3O = F = LEfs R L
T4V v TIA~—mER L, BILT ¥ v L TOWFEFER X O EE L
IZOWTHEHET LTz, WET VI —% T _XRTORLT 4 U VBRIZHD
Alkyl-ZnA-ZnA-ZnA OhEDIREDERVEN I, D b T A ~—IZH~TIEMNZ
MEL, BFEAZITY LTV X IR TH L Z B bhoTz, B
L7 oA ~—1F, LT & A NTWET H 2 & CThRERRMERLENZ(LT 5 2
ERbhoT, EBIT, FRORLT 4 U VBIZOLBWET v —% D
Alkyl-Zn-ZnA-Zn /3. Alkyl-ZnA-ZnA-ZnA |2 X TR UL g 2 & D BIER
MELFIEL, EDICAK L T4 ~—I3fbT ¥ v Bz CEEKRE T
K35 Z Enboo iz, Alkyl-Zn-ZnA-Zn OV A5 43 &3, Alkyl-ZnA-ZnA-ZnA
IZHARTARL | BbF &0 RICBIT 2 —nF&H20 O SAmEICENETC T
WAHZ ERbhotle, 2. 2O L AmBEOEIT, BT % v L ToRixs
MRS OZEIERT 2D LB D, aFREEDEEN /NS R
Mz 1E TlE Alkyl-ZnA-ZnA-ZnA 735 =V ME A 7R L7z, SN RICEAE 702
MELLNIRNT D N E TR OEWITEMN TR OENER L TE
0. D TAEEICRIKT DR, TR bBbWET U — OB 2 -2 L TE
FIEADRNM L LRt N R Iz, ZOLHIC, HEoETIIWET
=27 2= VIV BOBEAEEEZHZ LT, BbF & ETo
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Bl AR LR 2 HIE 3 5 L 3L, BREWE R L COMEDRLUET
XHZ Dbl

FBATETIE, ZF=NVEERLVT 4 U T A ~—OERyBER A 2 H
B & LT, BT & o ~DEEDOWFE F IOV T 2 FE O = F = L5 R
74)/%747~%ﬁw&dbtoéﬁbt%747~®%£h EDNR{LE
MIRIZIER CEZ R L, B EABW I R —MIIEN 2N ERnbh
07’:0 Tl & O Alkyl-Zn-Zn-ZnA 1%, i O Alkyl-Zn-ZnA-Zn (2~ TC
BREREEL L TEZ enbrole, RMAED S DI, FHiIKEDH DI
EARTELT ¥ v RE 2 DRICHECTE 5720, HRFFNC L 528872 LT
R W BEE 2R L, AMTE T 2IRICB W THEWEZ R~ T Z &b
Mole, Z9 LIAMTETIIROEIL, WEAREICLDS DO TIERL, AF
%E’tl?é*&ﬁW%%%ﬁX@F%#%b#okoik B EANICES
LT, BbFZ o L DT CTREEFRELZERT OLENSH L Z ENE
Kz RSNz,

TF = VERER LT 0 U v T A ~—% W2 DSSC TEhERbE HiET 7=

’i SeHEEN W b LB BN RO M EAMETH D, SEHESEOM

i, WAEGREOHEMMAMNETH D, AFFEICBWT, =F = LEfER L
74J/F74v DWFET Vv F1— OFCNL & Clals BRI A 2§l 25 =

ElE, BFE—STFYETY O EREBEOMEIMEICEN Y | ARRAEREZIEINTX
HIENDNoTz, TVt LT X NIRET D & THEENELT D RRE
PEDN & %5 531 % DSSC ITICH T 2 BRIC, WA AR EL NI 52K/ FE
T%éoi%%WLﬁ$W74U7F747 DG T > T7— DAL BT
%ﬁﬁ%%@?é’ki\%M%&y%ﬁ®@%%ﬁwgmﬁﬁ0\%@%%

Eammﬁfﬂﬁ%ﬂéhﬁﬁﬁﬁtfﬁr Xm BT A ERNbhols, 2L, EEROSL

SFR ERh e REOR S NRR D5 %%ﬁmé%kbffﬁﬁéﬁwﬁm
Fmi ICENLEGHEH CTh D, BB FEACBNTI, BETFF D
BREE7 1 Tl < BB IREE ;wa%%ﬁbtﬂﬁéﬁézgﬂﬁéo;m
kIR BB N FE SR TEAL U 7o A% R YL RS %QWW@%kLTW%?6W®mM$
ﬁ%%%%ﬁﬁétwwﬂﬁh%f%é

TF = VHRERLT ) v N T A ~—%H 2 DSSC TA % E 72 5 mah#1k
ZHETICELLFORGFHEEHIE N N T A ~—2 BT EREE LV, M
g D%E . LUMO O FEIZBALTHDL Z Lnh, ARk Tl A VALK
DEEL S RO BALITRET I —%2BAN LT REFENIREEND &5
265, BEINEIZOWTIE, EFRIEERIETHD 7 ==V VR
ZEANLZZ & CHMIORLT ) B8O LUMO OSAICRY NELT-Z &
N, BEFZ o NOEBEISNLRALT 4 U VBRI N —MEERIL A E AT
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5HZ LT, EHIZLUMO OAAMEY B EACBWTHEMICE B2 60
%o ET. ARG, 7= IR UERIZIZIEE A Y LUMO O 55400381
BENRhol=Z Enb, BIETF X v & OEEDER Y 3+45 TR ATHEMEA
ZEZ26D, LEEn-oT, kT ¥ o LB L DBEAZ TS5 Z L A[RER
BT v —Di%FD LATEEA N HINVER UV BREEAN LT N T ~—%
AT O ENETF LWEB X LND, —H, = F =K ENT LT T =
NWIINVIR B E TR EIET D HEDGBZONH0N., ZOHEIEFRLVT ¢
VERDBAERTTENMIC O HENE L D7D R F— LI E FEADR AR
AN/ D AREMER SV EBETIMERH D, S5, AEBRTHWE N IA4~
—IZBWTbT % v ETO HSGWERITE FEADEOR T LG 2T
FRTHoTelzd, mEmWEBREOEALMLBETHLEEX LS, L1,

2O LICEANTI Y7 O HAEEEZENSE, BAEARKREDRIBRIKT
SOWRAL T & T DN B R B DOIGFIT 2R D ATREME N & B 12 O EE L Ciks

LW BERH D, K1I2iE, LRoEsHEs 2B E Lz b 74 ~— ik
RIZOWTE LT, Uk, 29 LI b IA4A~—%%7T 252 & T, AFREEK
BErE L D B 72 5 mish R AL HIFRF S L D,

X 5-1. ERBRALICNT - F = VEFE RV T v s T A ~— D,
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