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Figure 1. The typical compounds in Porphyrinoid groups.

Porphyrinoid @ H.LMEE#)TdH 5 Porphyrin (£, 4 ©® Pyrrole == ~ & 4 5D
Aldehyde === "5 DEMILAEH TH D, Fx T - T, &% HIT7: Porphyrinoid
X, RMEROHFIZAFIET S Hemoglobin X°, W HIZ(FTET S Myoglobin Th %,

Hemoglobin & Myoglobin %, Fe -« 7 > »3fi A 4172 Porphyrin 55K T, AL O

FEATROMEER BT 5 Heme % L XV BT 5, ™ 7= Porphyrin ® meso 743 1 7

1



AT, #fEgR L. 19> C R & 4 fE o N JE-F TR S 5 LB+ 2 A3 5 Corrole (3,
EHX I B & LTHILILS Cobalamin {bA4 O HAEEHNIZESLROE THE L T
%, T porphyrin B -Pyrrole %% 7t X 4172 Chlorin ¢ Mg $&14&1%. Chlorophyll & FEIEH
T OIERERNITAAE L, AT 20 ET T F L LTo&EZH LTS
89 porphyrinoid 1%, KEKMICHKT 2 6D H %V, ATHREEWE & 0 . Porphyrin
® meso fL28, N JIC@E#H S4L, BALIC 4 DD Benzene ER2MAEER L T\ 25
Tetrabenzotetraazaporphyrin /X, Phthalocyanine D& CIA FNH = ATALEMTH D |
FDEEMEE LT ARSI A ST &7, B0 E 7= porphyrin @ meso A773,
N 5 1|2 & X 7U7- Porphyrazine 1, Porphyrin & Phthalocyanine O] J5 D Y52 R %
ol k5 kB a2 R, P B Lk 8BS b Porphyrinoid (ZJ&4 A1k
BYNE, BEAHEL, BUETH, Z<OREHICL - T, B ShFtT Tng, B
Z®OH T, Porphyrin & Phthalocyanine (X, FIU 18 n ET%RE2A L T\ 5IZH D
59, SHFHIHEICKREREVWEROZ LD, ORI NHILEMTH S,
Porphyrin |%, Soretband & FRIEAL 2 WU %2, 350 - 400 nm AT ICFf D, R~EEE R
3, —J7C. Phthalocyanine 1Z, Q-band & FEEN D, EAWSEHEEL (e =10° Mlem™) @
K& 72N % | SEARSMENL Cd 5 670 - 700 nm AFTICAH L TE Y, H~hkfax BT

%, B FiFOIHOE O, 7T THEOEVMIE S b0 THD L SR
TE Y. Porphyrin (X, Gouterman @ 4 BlJEE T /L &7 L, HikL7= 2250 LUMO &
fai L7z 2 50 HOMO (ay, a)) %A 5 DIt L T, Phthalocyanine @ HOMO %, meso
FE~D NJRFDBEADTZOIZ, ag FUELE L. HOMO DifiiRA i# T, HOMO (ay,)
LHEBRLTZ 2 90 LUMO I L~ T, 7 a7 4 TEEA B S Tnh g, B9

F 7. Porphyrin & Phthalocyanine (%, 3G FAMEE O AR 5T, ARG E O UfF
PEIZBWT Y, FEFICKREREWEA LT %, Phthalocyanine 1%, BRSO E L3/

SIPEMEDOEmONPLEREZA LT D720, WRA~OWRREMES WL TH, &Y



ICEBERERT 52 ERMmbN TS, — T, Porphyrin Bgi%, BEH#ILOEAIZ X
0. meso (L3 K& < EAT ruffle #&1E, BALAKE < EAT saddle #E A LD = & A3 AN
5 TH Y. Porphyrin BE D8k X1, Porphyrin OEfEMED ) b, WWHRIRHE TOEAE
DFROMEICKE 2 BEA LTS, 120

AWFFE T, Phthalocyanine X°% OFfx{A T& % Subphthalocyanine 13 U & & 3 5 ik
JI 72 W % 3 % Porphyrinoid %, YR 71 IRIFEH O SEEHI~ LI HT 5 2 &

ZHARE LTEREZITV, TOMREE LD,

<« B
N
\\ D ~a <« B
N, N—
N N <— meso

M
\N/\N/
\1 = Y

Phthalocyanine Porphyrin

Abs./ a.u.
Abs./ a.u.

AN

300 400 500 600
Wavelength/nm

700 800 300 400 500 600 700 800
Wavelength/nm

Figure 2. The structure and absorption spectra of Phthalocyanine and Porphyrin.
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Scheme 1. The diagrammatic illustration of PDT.
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Scheme 2. The reaction mechanism of PDT.
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Figure 4. The structure of non-porphyrinoid photosensitizer.
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1. &1 F 2 >t Phthalocyanine &Rk & PDT & ##:

1-1. &5
Phthalocyanine & % ® 4 &8k (&1%. Phthalocyanine B &AIZIEFLEL LT- 18 1 E1H

PRI T 2 R 22 B L D 72 %< OBk A4 | AR IEERAUR I E
MO TERC, FHEEL oA - T o PR X I EOFREEEET N, X Lo TR

A3 CIRH ST 5, B2 phthalocyanine ook b BLERTZE % O 1 1%, Q-band
EFEEN AW T D, Q-band X, 670 nm £13F DA MRIE IR O BT ARIMEEI AL
L. RERENMEIARE (e=10°MTem™) Z2HFT2WIGHETHY . 2D Q-band DI
WA ZFI 325 2 & 12X > T, Phthalocyanine #%E8(AH SkDSEHRANL, KGR AT
T < WIBICHEL L7 3 ARkt LT h . AL B O IREHIC K IR D ATHRIC

72 %72, Phthalocyanine #FHERHERONIBEAIOGRIL, IEFICKREREREFFO L

Wz, B
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| — g
\R NN 3 Fluorescence E27X0%:4 5
NS g g
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N\ 4 & 3
2 5
N ‘ N> Z < /\ %
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Figure 1-1. The absorption and fluorescence spectra of Phthalocyanine

LUy 6| HEE LD Phthalocyanine DA BEATE~ DRI < | ACRE B 5
TITIRfEPEZ R & 720y, E£72. Phthalocyanine (X, @V VEREMEZ R~ 2B E2 A L
TWAH 7, IR, Figure 1-2 IR &5 L 9 B KE2 K LT <. 261D

A%, Q-band DU DT m— R= 70, @GO HOHEEZs &SI L,
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Phthalocyanine OFF ORI FRHEZIK T ST LE S, o, BRFP TOREER
DFERKIL, WIFO 7 a— K= 7 ORH7e 53, PDT O Type Il O UGHRE CEE /2%
HA2AT HIEHMEBEHEOLEMDERLETIETCLE S, D7, Phthalocyanine #5i
K23, PDT OHMIEA & L CO+53 72 BRE A F T D 7212k, DKo & T

B TOREWTRROME ) D3t & 72 %,
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Figure 1-2. The type of aggregation of Phthalocyanine

% ZC. Phthalocyanine D7K¥EMEAL, KREEAH TOZERDOTERL OIS, TEIEEESE
FEDFRAEZNR OB % B & L7=4k % 72 Phthalocyanine 758K D AN, %< OFEE
X o TRALNTE R, T E TITWE ST & 72K Phthalocyanine 555K D
%<1k, KRBT, ROREEDETRT I ERMON TS, W

Phthalocyanine #FE (K Z KIEMELT D FRTELE LT, A AU EEBREOEA L JE
A A NEEIEDEANTFAET Do A A L MEEHIE OB AL, VR F 2L JE (- COOH)

RANVHR U H (-SO3H) L WVo o7 =AU HEBRIELOBEAL | 4fkibshicT I HE
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dfbENT Y DNVIEE NS T F A MEBIEDOF NI T 5 ENTE, BT
F o VEE#IL A A4 % Phthalocyanine #5E A%, 23 AMBld~D PDT {&M7Z1T T2 <,
Gram-negative #HEE - Gram-positive ME ONEATEMELIZ S, MUWIREZFFOZ &E3H 5
nTng, I 5ok Phthalocyanine Z5EkDO T . 45 L X7z Pyridyl 2=
DIF N ST F A 4% Phthalocyanine #5413, Pyridyl 25 N JFE1- 0 4 b3, g
MESATA BT, BUETH, BACERShTn5, B2

2008 4, M. G. Vicente 51X, 8 FTD B AT, 4 it S 7= Pyridyl FE23E A X,
8 DS &2 95 B F A M Phthalocyanine Zn (1) 8K L [Fl— o @0 E#IL A2 A
L. SHIZ, 8IS m @O E BRI OE A S v B F 74 % Phthalocyanine Si (IV) $51&
DERERE L TWD, ZiILH DA F 4 % Phthalocyanine $5K1%, K0 U o FRARER

(PBS) LW\ 7o KRIFBEFIZHENT Y, REEROEMN D2, 10, DA B R
ncnsg, =

Z 2T, AW TR, KRBT, SEEREAK LR F 4 M Phthalocyanine
FEEOGHKAE R L L, TLaEic Ga () & Zn (1) OEAShi=h FA 4%
Phthalocyanine #{& (1GaCl & 1zZn) DA% Scheme 1-1 (278 S35 A AR IZHE > T
1TV, 1GaCl & 1Zn Do, I AT b v & T AGRIEEE T o 1GaCl
& 1Zn OZBEEIC OV THET S, 1GaCl & 1Zn 73 PDT OYEHERAI & L TORE
AL TWDEFRE LR, 1GaCl & 1Zn ~DYERIA 10, ZRAET D Z & &R
Lz, £72. 10, LB SUGT 2 EEWE BRI AR bV OB, 1GaCl
& 1Zn D 'O, AR OFHE HIT 72, £7-. 1GaCl & 1Zn %, Human HEp2 flaiC
42 WE T B & ORI B E DORIE AT 72D T, ZORRIZHOWNWTH, HbET

WA E1T D,
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Scheme 1-1. Synthesis of phthalocyanine complexes. (i) DBU, n-pentanol, 145 °C, 24 h;
(ii) CHsl, 45 °C, 24 h.

1-2. fR & B

1-2.1. Synthesis and characterization
B SN2 BB DIFIET — Z1%, BB O FERIFICFLH Lz, HIWWE RO H5RY
T 5 4,5-bis(4'-methylpyridin-3'-yloxy)phthalonitrile (3) %, Wbéhrle & & ik & 5% (2
ik @ 4,5-dichlorophthalonitrile & 5-ydroxy-2-methylpyridine 7>%. 97 %D TH Ak %
#7572, P F 7= Phthalocyanine MEHLIG & FLEHILTH 2 ) LD 4 LK
IEIEL ISR SN CRICHE > TIT o 72, P28 1T BAizic 4-methylpyridyl 5% 474

% ¥ o Phthalocyanine $% & ( 2GaCl & 2zn ) @ B {b X & X
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1,8-diazabicyclo[5.4.0]undec-7-ene  (DBU) {71E I ® n-propanol #1C., Phthalonitrile 3 &
KIS DB X DFFRURISIZ L - TITHN, 2GaCl & 2Znid, ThvEh, 83% &
58 % ODOULETHES 7z, 2GaCl & 2Zn RHINE T M ZH L T\ D53, Jtks
Br. ' HNMR A2 kL& MALDI-TOF mass A2 hJLIZ K » CHEEREIT - T,

2Zn @ 3-methylpyridine ¥~ hexane OERMNC L 2 ffEdbIC L - T, HEERAHS D
Iz DT, X Bik s S M OfE R % Figure 1-3 (127, F72. Z OG5 5
T—H, ek, fiafE Tablel-l & 12 27T 5,

X ARSI RT OFE R, 5 DA RERIE, 2Zn OHL o Zn JFICEENL LTS 15y
@ 3-methylpyridine & . ik b L7z 2 53+ @ 3-methylpyridine 7> SR STV D Z
ERBINE T o T, F, FOEEBIL L U CGEA S L7z 4-methylpyridyl 512 X 2 Hls
D Z JFA-~OBEILIE, B SN2 o7z, 2Zn OFLEETH S Zn i3, ZhE
TIZHE STV 5 axial izl pyridine 43D EAL L 7= Zn (1) Phthalocyanine 753 (4 &
[FIREIZ, 5 BT 24 LT 5, P70 %7~ phthalocyanine 82 4 > N JE ¥ (N1, 3,
5, 7) LHhEAL L 7= 3-methylpyridine @ N -7 (N17) @ 550 NJFE1I1%, Zn R I1Zx%}
LT, B7 3y FRICEAZL, N17 & Zn JE7-MOME ST, 2108 4) A ThHY |
Zn i3, N1, 3,5, 712 &k » TR S 2 Fili b, 0453 A & L THEL TV

HZEBHBMNERST,
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(b)

N17
Zn

Figure 1-2. Crystal structure of 2Zn-(3-Me-Py), (a: top view, b: side view). Hydrogen
and solvents atoms are omitted for clarity. CCDC number : 1869572.
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Table 1-1. Crystal data and data collection details of 2Zn - (3-Me-Py),

Enpirical formula
Formula weight

Temperature (K)

Wave length (A)

Crystal system

Space group

a(A)

b (A)

c(A)

)

B(C )

y() X

Volume (A~)

V4

Density (Calculated) (Mg m™)
Absorption coefficient (mm™)
F (000)

Crystal size (mm)

6 Range for data collection (° )
Index ranges

Reflections collected
Independent reflections
Maximum and minimum transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on £2

Final R indices (/>2 o (1))

R indices (all data)

Largest peak and hole (e A™%)

Cog Hy77 N1g Og Zn

1714.15

100(2)

0.71073

Triclinic

P1

16.9285(8)

17.2187(9)

18.0941(6)

111.436(4)

95.187(3)

116.632(5)

4178.6(4)

2

1.362

0.367

1784.0

0.100 x 0.040 x 0.010
1.585 to 28.000
-22<=h<=22, -22<=k<=22, -23<=[<=23
71461

20160 [R;,, = 0.0838]
0.996 and 0.788
Full-matrix least-squares on F”
20160/ 622/ 1280

1.015

R, =0.0838, wR, = 0.1815
Ry = 0.1677, wR, = 0.2228
+1.347 and -0.581
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Table 1-2. The data of selected bond distances and bond angles of crystal of
2Zn+(3-Me-Py),

Zn(1)-Ney(1) 2.022(3)
Zn(1)-Ngy(3) 2.025(3)
Zn(1)-Ngy(5) 2.025(3)
Zn(1)-Ngy(7) 2.036(3)
Zn-N4(avg.) 2.027
Zn(1)-N,,(17) 2.108(4)
Zn(1)-8N least square plane  0.453
N(1)-Zn(1)-Ngy(3) 87.27(13) C(4)-0(1)-C(33) 117.1(3)
N(1)-Zn(1)-Ny(5) 155.13(14) C(5)-0(2)-C(39) 119.2(3)
N(1)-Zn(1)-Ngy(7) 87.22(13) C(12)-0(3)-C(45) 119.2(3)
N(3)-Zn(1)-Ney(5) 87.13(13) C(13)-0(4)-C(51) 118.5(3)
N(3)-Zn(1)-N¢y(7) 153.28(14) C(20)-0(5)-C(57) 122.2(3)
N(5)-Zn(1)-Ngo(7) 86.97(13) C(21)-0(6)-C(63) 118.9(3)
N(1)-Zn(1)-N,,(17) 103.17(15) C(28)-0(7)-C(69) 118.6(3)
N(3)-Zn(1)-N,(17) 103.01(13) C(29)-0(8)-C(75) 120.4(3)
N(5)-Zn(1)-N,(17) 101.70(15) C-O-C (avg.) 119.29
N(7)-Zn(1)-N.(17) 103.71(13)

2GaCl & 2Zn OJENE L X L CE A L 7= 4-methylpyridyl 22D 4 #AV &%, 40 °C
T, @EED I UL A TF IV (CHal) & DORUSIZ K- TIT o 72, A F A % Phthalocyanine
51K (1GaCl & 1Zn) 13, ZNZE 90 % & 65% DR TH LN, 4 kD%, 1GaCl
& 1Zn 1%, Dimethyl sulfoxide (DMSO) | 7k, U > EgfEE ik (PBS) (27 Dichloromethane

(CH.Cl,) =° Chloroform (CHiCl) @ KL 5 7 BB IX, Witk Z2 RS 72 o T,
1GaCl & 1Znix, "H NMR A7 hLRomass A7 hb, JEHROWIZE T, ZD
B RS S LTz,

1GaCl & 1Zn ® *H NMR A~X7 bt =il FC, D0 HIZHWTHIEZTT 572,
BONTEERIEEYD 'H NMR 27 /L% Figure 1-3 & Figure 1-4 (7=, 1GaCl

®»'HNMR A~ kL ClE, Phthalocyanine BEDa-H A3, & = 9.37 ppm (2. 8H DFESy
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W% £ > 728\ singlet 72> 7 F v & LB INE, 72,
N-methyl-(4-methylpyridinium-3-yloxy) @ pyridineE2 D H Hi2kd > 7 F /113,86 = 8.91, 8.40,
795 ppm I, FNhEh, 8H OB EZFF o7 3 Ko 7 F b LT,
N-methyl-(4-methylpyridinium-3-yloxy) @ methyl J&iX, §=4.19, 2.76 ppm (2, 24H OFE5y
flaffolz 2 ROV 7 e LTSIz, —J7. 1Zn ®'H NMR A7 kLT,
aH A, & = 845 ppm (2. 8H O i\ singlet 72 > 7 F v & L T,
N-methyl-(4-methylpyridinium-3-yloxy) @ pyridineEzR > HHH KD 7 F /13,6 =7.94,7.77,
740 ppm 2, 8H Oy E FF o7 3 A v U F v L T,
N-methyl-(4-methylpyridinium-3-yloxy) @ methyl J&i%, & = 4.10, 2.63 ppm (2. ZiLE4L,

24H OFESMBEE s T= 2 KDV 7 F e LCEN ST,

2GaClin CD2C|2
S
p-Me
substituent-H
a-H — H20
\AI A I WA A
[ LN BN LN NLRL L L AL BN BLRL R BN B R LR NLELNL L BN LR BRI N LA |
10 8 6 4 2 0 -2
5/ppm
1GaCl in D,O
S
p-Me
N-Me
substituent-H
a-H —
Frrryrrrrrrvveroyg 1 ! ' v I ! 1 ' !
10 8 6 4 2 0 2
5/ppm
Figure 1-3. 'H NMR spectra of 2GaCl in CD,Cl, and 1GaCl in D,0.
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2Zn in CDCI; + 10 % pyridine-ds

S(CHCI3) H,O0
p-Me
: t !! : |
................ LI ! ! ! ! ML LI T |
10 8 6 4 2 0 -2
5/ppm
1Zn in D,O
S
N-Me
p-Me
o-H
\ substituent-H
—r—
|
R B e e o o e e o e i i B AN L i e e e
10 8 6 4 2 0 -2
5/ ppm

Figure 1-4. '"H NMR spectra of 2Zn in CDCI; + pyridine-ds and 1Zn in D,0.

Lrrssmsssssmssmsmsssmsmam>
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1-2.2. Absorption and Florescence spectra

1GaCl & 1Zn OWIL A~ kv L 2~ L% Figure 1-5127~5¢,1GaCl & 1Zn
DRI AR Y [y EHEART bV D%z, Table1-3 (2% &7z, 1GaCl & 1Zn @
WL AT by & #IEAT RLiE, DMSO, K, PBS 1 CHIEZ#1T-72, 1.5x10° M
IZFHB W T, 1GaCl @ Q-band (X, DMSO H1C 681 nm {2, /KHT 679 nm (T, FW LI &
L CHEl =7z, 1GaCl DE A~ ~LiE, DMSO H T 684 nm (2, /KHC 685 nm (Z
BRI S 4L, Zofxtiot#&7IEE (OF) (X, DMSO H1C 0.12, /KHIT 017 Th o7z,
F72, 15x10° M IZHWV T, 1Zn %, DMSO T 678 nm (2, /KH T 673 nm IZ, #i K
L& LT, Q-band AENZNBLN S 47z, 1Zn DEIEA Y b VX, DMSO &/KHIT,
& H1Z 684 nm ([ZBLiL, OF OfEIEX, DMSO HT0.15, /KHT0.17 THh->7-, DMSO &
K THLIT 1GaCl & 1Zn Dt FRRET, B T, SEERETER L T
W ELK 0D Phthalocyanine 7538 (&2 K5 & —3c LT\ 5, [126:31-360]

PBS H1,1.5x10° M Ti%.1GaCl @ Q-band i%.679 nm (ZHLV VI & L CTHEHI S iz,
F 72, 1GaCl D)%, PBS H1°C 686 nm (28U S 41, £ DOF X, 0.14 ThH -7, PBS
A B AL 1GaCl D4 M T — X 1k, Wl T, WAL LCHET S
Phthalocyanine il & [RIEE 22 55l T o7z, B3 LasL7edt s, 1Zn o Q-band 1%, 631
nm & 666 nm (2, 2 DD — 2 ZRfo IigAWIRIGE: & L CTEIl S vz, 1Znicxi LT

B S 7850 Q-band 1£.1Zn 3 PBS H1C. 28K EZ A L TWD Z L Z/RIEBT 5,
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Figure 1-5. Absorption and fluorescence spectra of complex 1GaCl and 1Zn in DMSO,
water and PBS. (black line : absorption, red line : fluorescence.)
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Table 1-3. Photophysical and photochemical parameters of complex 1GaCl and 1Zn.

Pc Solvent Avax (NM)  Agm (NM) SS (nm) (O

DMSO 681 684 3 0.12

1GacCl water 679 685 6 0.17

PBS 679 686 7 0.14

DMSO 678 684 6 0.15

1Zn water 673 684 11 0.17
PBS 631, 666 - - -

® ®F were evaluated using an absolute PL quantum yield measurement apparatus described in the
literature [43].

IR TORBEOTERIZ, = L F— 2R x X —~ LA L ik H ey
b S, PDT OYHEAEA & L COERERERESITHD 10, ORAREL K TEIHET
LESZenmbncing, WS zon KREMP T, 1GaCl & 1Zn NEAk
AR LD DIREATET D2 L1%, EWICEETH L, AR TIE, ARERICE
7% 1GaCl & 1Zn OREKFIZE D EEZEHORE LT o7z, REKFICL D862
BOFHAETIZ, 10mm, 1 mmO0,lmm OELEZHETAAEEALEZEH L., 10 mm Ot
NEBH LI E ZIELNTEROLE A EHEIZ 1mm 0,1l mm EAE M Lz & & olot
EOBEZIToT-, REZFEBOMAEIZIIT 5 1GaCl & 1Zn ORI A7 ML DZEAL
Z Figure 1-6 12", £/, SAFEHOREICL > THLLE 1GaCl & 1Zn @
Lambert-Beer 7= »» k% Figure 1-7 (27”7

RERFIC L DREXBOREOFFE, 1GaCl 1x, AP TiE, 1.2x10*M £ T, PBS
HClE, 6.0x10° M £ T, Lambert-Beer HIIZHEVY, HEARE L THFEEL TS Z & AV
B L7z, —J5C, 1Zn 1, AKH T, 1.5x10° M £ T Lambert-Beer HIIZHE S 2%, PBS
HFCiE, WIEETT->72 FIRTH D 1.2x10° M IZEB W TH, KERBIERSNT-EETH

STz, Fl—7eBEHIEA AT 5 1GaCl & 1Zn OSEEEIC KX 727213, 1GaCl DOl
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T ToH D ClRFOFRONMKEFICERT 260 THL Z LRI S, M. G. Vicente
5O L [FEEIC, Phthalocyanine B2 (%) L CEAEL T 1M CTdH 5 HULE & OB ~0D & #a
FOHE X, Phthalocyanine #HEARDOXEROTEROIMHENZIEFICKE 2R E2HT D
e xaBHBMIc Uiz, B 72 PBS 1AW 2 4 F 4 LM Phthalocyanine 35 ikI35 %
<HESNTWDR, ZhE Tl &iiz b F4 M Phthalocyanine #5388 (K12 1%,

15x10° M F7zid, ZHLL EORWIREEIZISWN T, PBS I CHER L L CTHET 2 BI1L
7ol REBRTHRE NIz 1GaCl 1%, PBS FIZHNT, 6.0x10°M &9 FRE TS,

SR E TR L7 W18 C D 4 L1 Phthalocyanine Tk 5 &z 5, 1652
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Figure 1-6. The change of absorption spectra by concentration of complex 1GaCl and 1Zn
in water and PBS. (the plots of calculated absorbance of Q-band peak top
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50 —

Calcd. abs. / a.u.

0 L L l LI L L ' L L L] I LI B B I LI B B I

0 5 10 15 20 25
Concentration / 10 > M

Figure 1-7. Aggregation behavior of complex 1GaCl and 1Zn in water and PBS. A show
the absorbance of 1GacCl in water, show the absorbance of 1GaCl in PBS

1-2.3. ESR measurement
AIEE D Scheme 2 (Z/R &5 & H 12, PDT UGHEREIT, EMEmEROMEIEIC L > T,
2 DORBIZXBI SN TS, Type | OFFFETIX, Oy & OHe LW loT7 U —F 7%
ARZ AR L, Type Il OFREE T, ‘0, 24T 5, B4 LI iEmBERIL, Wi,
PARKEICBBALR) 72 A=V 5.2 2 2 L 3T & 5, B2 pDT jo el o /10
PEAFHIT 5 &V D RICHBN T, A LIEEmEREOREIL, FFICEETH DL, L
UM 84 LTCIEMERR B RIL, BRIE D3 m <, hlowd RO L, L
TLEI 2D, EHERRBLIAEE LV, £ 2T, SRR L BNWICRKIGT 2 A

7w TRNZ K - T BAE LIISMERRETRE 2 it - KE(LSETRIC, AV T 0T
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FIHRD ESR A7 MV ZRIET 5 2 & T 384 LI IEME R R 4 MER I RrE LT,
Scheme 1-2 |Z7R &5 2,2,6,6-Tetraethyl-4-piperidone  (4-Oxo-TEMP) 1% 'O, & #IRAY
W2 L. 2,2,6,6-tetraethyl-4-piperidone- N-oxy-radical (4-Oxo-TEMPO) % 4Rk 5 A
v 7 v 7HITH D, 4-Oxo-TEMPO (&, nitroxide radical (-NO- ) ZH L T\ 5728,
nitroxide radical F13k D ESR A7 /L OB F[HE T % 72, 4-Oxo-TEMPO @ ESR

AT MV OBRNE, "0, BADTHLE 72D,

o 0
102
—-
N |
O.
4-Oxo-TEMP 4-Oxo-TEMPO
Scheme 1-2. The formation of 4-Oxo-TEMPO.

1GaCl & 4-Oxo-TEMP DIEGK~D NI L > TH LB ESR A7 FL %
Figure 1-8 {2759, 1GaCl & 4-Oxo-TEMP ¢ DMSO IR AR IRET 217 5 & | nitroxide
radical (2. #FAY72 triplet (2432 L7z ESR A7 hAWBLUAIS L, £ D g fiEiL., 2.014,
2.006,1.997 TH V| £ HN72 ESR A7 MU, ZhE TIT#iE ST 5 nitroxide
radical F10D ESR 227 L&k —E LT %, B0, 38 A 0 70 2 2EHL A 15 % 729D
1GaCl & 4-Oxo-TEMP @ DMSO JEAIRIKIZ, 10, & BINMNCKIET 5 Z L3 b T
V% 1,4-diazabicyclo[2,2,2]octane  (DABCO) % MIx <C. [AEDHRE 517> 7=, B

DABCO O &7 1GaCl & 4-Oxo-TEMP @ DMSO RATAIR~D JEHRE 1%,
4-Ox0-TEMPO H13k ™D ESR A7 MVOBREDR/D &5 &k 2 Lz,

FIRR D FEBRSAICIB VT, 1Zn b £ 72, 4-Ox0-TEMPO 3D ESR A7 b L 2B

L. 1GaCl & 1Zn %, JtWSIc k> T, 10, ZFAESEHZ LW B2 20 | 1GaCl
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& 1Zn X, & BT, PDT @ Type Il SUSHEEIC I 1T &R & L CORT v v %

ALTWVD Z EERRTOMARDFELNT,

light

Light
DABCO

dark et i iy, sttt A iy,

3480 3480 3500 3510 3520 3530 3540 3530
Fiald f (s

Figure 1-8. Photo induced ESR spectra. Top: mixed DMSO solution of 1GaCl and
TEMP on light. Middle: sample solution added DABCO. Bottom: sample
solution on dark.

1-2.4. Singlet oxygen generation properties
1GaCl & 1Zn . PDT @ Type Il Kb IC 31T 2 HIEH & L TORT o v L%
LTS EERBTEDHERN, ESR 227 MUVIIEIC L » TRLR 0, &I,
1GaCl B LU 1Zn @ ‘0, FAREDFII & 1T > 72, PDT O SUGHMECTIE, SRS o =
HIEH MO, B E 7RI X 2 10, OB, JEHEHI & BE Ry T O Rk L F—

BB CHIRA & kSR OE MR 25 T2 < OERN DN, PDT O RUSHEIZ 282 5
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ZTLEY, B 2o, KT, IR ~ON OIS & - THAE LT 10,
(2 K D AHHEAN Y DERAE 53 MR SR D B 1 UL (DA apsoe) & 10, FEAERDIFIE & LT
HFHT D, OApsone 1T+ 'O, LA T&H 5 1,3-Diphenylisobenzofuran  (DPBF) &
9,10-Antracenediyl-bis(methylene) dimalonoic acid (ADMA) % Wb FEIC L -
TGE L7z, 1GaCl 38X 1Zn ~DYHEI21E, 1GaCl 38 XN 1Zn @ Q-band (%t
% 670 nm DIEEFIA L7z, DA spsonte 1E1 10218 £ o THE S LT IHEEH 3 7 D53 151
&L A ORI L= Y730 b, Bl EBRIEICFE#H I TV A (1) Z2HWT
HEEITo T,

1GaCl B X W 1Zn LA DORAVERR~D IO BRE O RN S 72 RILA <7 |
LDZEAV % . Figure 1-9 3 X U8 Figure 1-10 (2R3, Table 1-4 (21, 0,12 L » THEES
VTR 50 1 D53 T35 & SEHUEHI ORI U 7= Y615 ot £72, KR ERTH L
T DA asone PEXNiE % Table 1-5 (2773, 1GaCl & DPBF ¢ DMSO {EA VA~ D Rk
FERTIX. DPBF IZHIK T2 417 nm £ OWICH; O K & 22 3Bl S vfz, 24U,
1GaCl ~DYDFEHC L - THRA LT '0,10 L - T, DPBF BSEME S, SfEn4E L7z
Z L aEW L, DMSO 10 1GaCl ~D ST & % DPBF OFEILIRZNZE DA apole
fEIX, 44 % ThdEHE I, FEORILARY MO, 1Zn & DPBF @
DMSO IE SRR~ DTS IB N T BB S 41, 1Zn ~ONORHFF S F72, 0, DFE
29 DPBF O43fa A U5 Z LR B ETeo7z, DMSO H 0 1Zn OSLIRST TH 5
AU7= DPBF (2K 2 DA gosonee DfEIE, 5.3% TH Y, 1GaCl LY &b T 0 @O EED
Bontz, £72. UGS FTO®EEHO Zinc Phthalocyanine  (ZnPc) B XY
Gallium chloride Phthalocyanine (GaCIPc) DDA zpsote DI, 10.3% & 6.5% Th o7,
#EE 2D Phthalocyanine 4@k (A & 1GaCl B LT 1Zn DDA gponee DIE % LT 5 & |
1GaCl & 1Zn O®A gpsore PEIX, MEEHLD ZnPc & GaCIPC DDA gsonte PEEL Y B/ E

<V ZHE. BASHT AL ERBE ORI X5 L F—DRENFERTHD &
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EEZOLND,

%72, 1GaCl 5 L0 1Zn ® DMSO H19> DPBF D43 fifzh=RI 5% LT, SCHRAE A H L
T2 AR B IR (DA relative) DL © 1T o 72, SCHRE L, HEEHLD ZnPe ~DREIT L -
T4 U7 DPBF OEEA AN EDME (DA wa =67% ) %A L7z, ¥ DA retative D
JFiEIE. M. Camur & OICERICFER S D L2 L, DMSO 1T DPBF Of{t 5y
fiR\Z %95 1GaCl & 1Zn O®A renasive 1£. 20% & 34% Th 5 & iz, P 1Gacl
& 1Zn DDA relative DL, A E TIZHRE S472 DMSO F TR EEREL TR L TW 722w
5 F A LD Phthalocyanine FEAR DDA relative DAL & FIFRE Tl o 12, 123 3132.49.59

DMSO 10, #%4 L, BHEAIE LTORT vy LEZHLTNDHTHHHI 2L
ZR L7z 1GaCl & 1Zn 12k LT, AERIGEWERIE THRMEAIE LTORT vy L
ERIET D ZENTEDO0EMND D720, FEEO IR EER 4 PBS T HiT-o 72,

1GaCl & ADMA @ PBS IR AR~ FEBRTld, ADMA (ZH1I3K3 2% 380 nm 1)
U OIS DWW A BRI S 41, 1GaCl 1 X, PBS HZEBWTH, ADMA % (/iR S+
DO, TR ED 0, RAESEDL LN TEDZ LRS-, PBS 1 1GaCl
~OYEIREHT L % ADMA OFRE D RZNHE DA hsoire PFEIT, 0.029% T o7z, —J7 T,
1Zn & ADMA @ PBS {EEVAIE TlX, ADMA (ZH 3T 2 WU ORE, FEFITHT )
T, PBS H1 1Zn O ~DYIRETH H 4172 ADMA OFEEAL/FRENIZR. DA psotue DIEIL,
0.009% Tdh-o7=, £7-. ADMA 7F£E F D 1Zn ® Q-band (%, PBS H1 CHIHI & 7= 1Zn
DFHD Q-band & (FH/R DR AR LIz, ZHUE, 1Zn OHFLD Zn JF1~0 ADMA O
BN L Db DTH D ERIR S, ADMA OENLIZ K - T, 1Zn OB EFEHNTHE Y |
1Zn (%, Phthalocyanine #FEARNHEEMRE L CHEET D L ICEBI SN AT bk
HWIREGET HAXT M ERLTEEEZE X LND, LrL7eRn s, ADMA OB
AT TH, 1Zn O2EZFENT, TRTIEFMH ST, SERPERINTZEETHo 7

Toh, 10, DRAEMERRKELWD LIZEEZBND,
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1GaCl B L 1Zn @ 0, BARED Tl OFE R, 1GaCl X, DMSO oA 59, &
O AERIGEWEREZ AT S PBS FICBWTY ., A2 b0 S 5D+ ok &

D0, ERAETDHZENARETHD Z AR L, ERNTHHIETE 5 PDT O

FELTORT ¥ LEF LTINS ERRBINT,
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1GaCl with DPBF in DMSO
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Figure 1-9. The absorption spectral changes during photo reactions of 1GacCl. (inset : the
plots of absorbance of DPBF at 417 nm or ADMA at 380 nm versus time.)
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1Zn with DPBF in DMSO
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Figure 1-10. The absorption spectral changes during photo reactions of 1Zn. (inset : the
plots of absorbance of DPBF at 417 nm or ADMA at 380 nm versus time.)
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Table 1-4. The values used for the calculations of the quantum yields.
Pc scavenger  solvent number of molecule number of photons
DPBF DMSO 5.13 x 10* 1.17x10"
1GaCl 13 %
ADMA PBS 1.34 x 10 4.61x10
DPBF DMSO 6.44 x 10™ 1.21x10"
1zn 12 16
ADMA PBS 3.65x 10 4.07x10
ZnPc DPBF DMSO 1.22 x 10" 1.19 x 10
GaClPc DPBF DMSO 5.79 x 10" 8.89 x 10"
Table 1-5. The values of the absolute quantum yields (PA zsoiute)-
Pc scavenger solvent DA apsolute [20] DA reiative [20]
DPBF DMSO 4.4 29
1GaCl
ADMA PBS 0.029 -
DPBF DMSO 53 34
1Zn
ADMA PBS 0.0090 -
ZnPc DPBF DMSO 10.3 67°
GaClPc DPBF DMSO 6.5 42
& Data from reference [47]

1-3.5. Cell study

AERITEVEREEIZIB W TS PDT OYEHEEAI & L TOMEEST 2R T v v &AL T
W5 EPRES L 1GaCl & 1Zn (Zxf LT, b MEERE O3 UM Td % human
HEp2 Ml ~DmEFrife gt & I DRl 217 - 72, Ml @t OFEMmIZIE, Cell
Titer Blue ® # i L7 #8152 % V72, 1GaCl 35 X OV 1Zn O ffia el & O fE R % |
Figure 1-11, Figure 1-12 & Table 1-6 |2 F & 7=, Figure 1-11 |2/~ & 41 5 B ATl in 24
OFEDOFEF, 1GaCl & 1Zn 1%, human HEp2 #fizxt LT, 1GaCl & 1Zn OYsIiE
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725100 pM IZEL T, BT EEZ RS RV Z EBH LN E o T,

L L2, 15 Jem® OF5 VB YA S L CiThbh o tiiiadEE o & o
fEH. 1GaCl & 1Zn (X, human HEp2 fifaicxt LC, &< Bip o=@ 2R3 2 L A3
Bk 7rodz, 1GaCl 1%, human HEp2 MfiZxt LC, USIIEAS 100 pM 12 LT,
SHIRAFNEARAE SN2 o 7= DITRE L, 12Zn 1d, IRITEOHEINC R fiL o £ 7
IR E MK L. human HEp2 MIfEIZxET 2@ W ElifumEtEZ2 A L Tnd 2 &R 6
Eroln, RBGORBIOETFERN 50 WIZE LT & & O IEEAI ORI EE ~7 1ICsp D
BN B #ER 2> 53R ® 540, 1Zn @ human HEp2 #MIZ K45 1Cs DA%, 5.3 uM
ThbERESINTZ, N7 ICy =53 uM &0 5 HfiE L, PARNICHE S i

N-methyl-pyridinium-3-yloxy J& % 3~ % % F 4 14 Phthalocyanine $&{A 0 1Cso fif & [FIF2E

Thotk, P
1005
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E
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Figure 1-11. Dark toxicity of 1GaCl (purple) and 1Zn (pink) in HEp2 cells.
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Figure 1-12. Photocytotoxicity of 1GaCl (a) and 1Zn (b) in HEp2 cells using 1.5 J/cm?
light dose.

Table 1-6. Cytotoxicity ICs, values for 1GaCl and 1Zn. (CellTiter Blue assay, 1.5 J/cm?)
o Dark toxicity Photocytotoxicity
i (I1Cs0, pM) (I1Cs0, pM)
1GacCl > 100 >100
1Zn > 100 5.3

[l OEHEZA L, ARIGTVEREAZF 572 PBS HIZHBWT 1Zn LY & 10,
FARRE AT D 1GaCl ([ MBAFEIENR B L7220 - I 1R R & fF 95 72, human
HEp2 e @ 1GaCl & 1Zn MBS RTEL T 2 M/ Naw'E (organelle) % R4 2
HEEIT-T-, ZOFETIL. 4% organelle (2% LT, BIRICERT 570 —7E

W& DT s BB AR L > T, 1GaCl & 1Zn O JRfE b L7z B &2 K78 L7z,
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% organelle (Zxt4 % 72— & LT, ER Tracker Blue/White (/Mia{& (endoplasmic
reticulum, ER)). BODIPY Ceramide (=/L & (Golgi apparatus, Golgi)). MitoTracker
Green (X h=x> KU 7 (mitochondria)). LysoTracker Green (/Kfi#/IMA (Lysosomes))
DMEH Sz, SOCBEMEERA LTI, e — T EAMEEDEL L 1GaCl B L0 1Zn
Hkod st ERADE D Z LT, 1GaCl B L 1Zn BMELRMIZFETENT 2 organelle
ERIET DI EMTE D, wEBISSTM AL O R % | Figure 1-13, Figure 1-14 & Table
1-712F &7,

Figure 1-13 & Figure 1-14 (2R3 5 L 51T, 1GaCl B LT 1Zn 1%, ER, Golgi,
mitochondria, Lysosomes % & {244 organelle |Z4f& L. ER. Golgi, Lysosomes (2%
AL TWD Z ERPLNERY | A F M5+ Th D 1GaCl & 1Zn ik, = K
PA b= AR LT, MEPRNICERY IAENTC 2 & 2R DR DG S T,
F£7-.1GaCl & 1Zn O ERJFIELEL TdH % ER, Golgi, Lysosomes ¢ 3 FE%H 7 organelle
([ZRJ % 1GaCl & 1Zn HROEOLOME Z Fhied % & 1Zn OIOEOE L, 1GaCl
DED HBRE L ZED 1Zn 3 MRENICIRY IAENTZZ &£ 2 EKT %, 1Zn 1%, 1GaCl
(ZHART 2R I < MIRICERY JAE I, PDT ZhRUC X D HIAE A < 7o IC B g ¥
—7%7 v k& 72 % ER, Golgi, Lysosomes (Zxf L C/RTE(L L7272, 1Zn OISRl
PERFBLL T & B 2 bivd, BITMlaEED 2T <. RERMaEE S RIRFICHE L
TW5% 1Zn (&, PDT OYEHEEAIE LT, ToRENEALTVD Z EBNLNER-

7'1»
—o
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Figure 1-13. Subcellular localization of 1GaCl in HEp2 cells at 10 uM for 6 h. (a) Phase
contrast, (b) the fluorescence of 1GaCl, (c) ER Tracker Blue/White, (d)
overlay of 1GaCl and ER Tracker, (e) BODIPY Ceramide, (f) overlay of
1GaCl and BODIPY Ceramide, (g) MitoTracker Green, (h) overlay of

1GaCl and MitoTracker, (i) LysoSensor Green, and (j) overlay of 1GaCl and
LysoSensor Green. Scale bar: 0 - 25 um.
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Figure 1-14. Subcellular localization of 1Zn in HEp2 cells at 10 uM for 6 h. (a) Phase
contrast, (b) the fluorescence of 1Zn, (c) ER Tracker Blue/White, (d) overlay
of 1Zn and ER Tracker, (¢) BODIPY Ceramide, (f) overlay of 1Zn and
BODIPY Ceramide, (g) MitoTracker Green, (h) overlay of 1Zn and

MitoTracker, (i) LysoSensor Green, and (j) overlay of 1Zn and LysoSensor
Green. Scale bar: 0 - 50 um.
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Table 1-7. Major (+++) and Minor (+) Subcellular Sites of Localization in HEp2 Cells.
Pc ER Golgi Mitochondria Lysosomes
1GacCl ++ ++ + ++
1Zn +++ +++ + +++
1-3. f&am

8 M Fr ® B AL IZ N-methyl-(4-methylpyridinium-3-yloxy) #: % H 9 5 5 F 4 %
Phthalocyanine (1GaCl 35 XN 1Zn) O&EKEIT> 72, 1564172 1GaCl & 1Zn 1%, DMSO
DHIR BT, KL PBS & W o T AGRES B b gt 2R L7z, 1GaCl 1%, #hfciz+- T
0% Cl JFFONARKFED 728, PBS FIZEWT, 6.0x10° M £ T, 2AEREHRET
o, HEARE LCTHEMAETHZ LN TE, PBS FTERAKRERR LARVID TOLF A
P4 Phthalocyanine $5(ACoh 5 LW 2 b, F7o, 1GaCl & 1Zn 1%, OB EZ T 5 &
"0, AT D 2 & AR S 4L, DMSO 721 T < ARV BREE 2 Ff o 72 PBS
ICBNWTH, 'O, DRAEREAT DI ERH LN 2o,

1GaCl 3 X U 1Zn @ human HEp2 a3 2 Ml mEofi R, 1GaCl & 1Zn 1
&bz, BEATAMIEEE 2857~ 9°. ER. Golgi. Lysosomes & - 7-#%? organelle (278
RINCERT D22 LA L Eleo7=, F7o, 15 Jem? OJEITIET & 1Zn DR,
S22 BT 5 2 E b O Ao Tn, ABFFEOFE R, 1Zn i1, RN THERE
% PDT OYEHAEEA & LT, RWNCHIFFCELMBE AL TS EEZBND,
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2. Subphthalocyanine Z BN ARk & —EERRFRARR
2-1. #E5
Subphthalocyanine /%, Phthalocyanine X ¥ % isoindole === K73 1 -2/ 720 32D

isoindole == = T X » CER#EE % 2K S 7172 Phthalocyanine s/ MATH 5, 1811 &
A% % %47 5 Phthalocyanine (2xf L C, n B HEREZELT D HLEROME/INL T2
Subphthalocyanine i£, 141 EFHEEREA LTS ZERMBA TS, MY
Phthalocyanine i, BRHLOZEFLITER % 72 &R A 4 2 O S U7 85RO #5151 535k
%< & 2% DIZ% LT, Subphthalocyanine (%, 1972 412, Meller & Ossko (2 X %
Subphthalocyanine @ & FLELSE . A& 7 FE K Lhr@mas s hTunin, B Fe
Subphthalocyanine 1%, B\ aH L CW\5 Z & TH4 72 Phthalocyanine D¥ERRIA T H

%12 4 B 59, Phthalocyanine & 13k & < Hre - C SR OMEx H LT 5, B 70

Top
Cc
N \N SN
[ N\
N/ “"'\N \
\ I <
N Side
Subphthalocyanine -
Figure 2-1. The structure of Subphthalocyanine

Subphthalocyanine 1%, 14 n # L& RITER T 2 R 7200 F R E CE ST
HIRFIEZ RF 72, AFRHEBAURSEmSCA LED OfFEE L UM ENDET TR
<\ RGN R R AT L2 BRI PR RO 0 F AR IC L D ke o —7e &) IRIA
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WASBFIZ IS B4y TATEE LR & hcn 5, B 18 gypphthalocyanine oWk 2 22
kLiZ, Phthalocyanine & [AI4£(Z, Soret band & Q-band & FRIZHL D 2 DDA B X,
v . Subphthalocyanine @ Soret band & Q-band %, n & &R OME/NMIEK LT,
Phthalocyanine ™ & @ & [b~_T, ik HE 7 F L72 300 nm & 560 nm T2 ZHZEHAE
1£4 %, F£7-. Subphthalocyanine ™ E /LW EARE () DOfE % . Phthalocyanine & T
/&<, Subphthalocyanine ® Q-band 1. ¢=10*M'em? FETH2, 13

1 %D [F5F 4 E Phthalocyanine DAk & PDT &M OFCREd L= XL 512, IR
AIEIR L WU s % o 72 /K% Phthalocyanine #5813, PDT O JeHEEHAN & LTS ]
HETHDLI ENMBLNTWDN, REMIC, mWFEE Y% A7 5 Phthalocyanine 75384
I, WP CREERERR LT < PDT OYHEHAI & L CoiE2 #7225 2 & bk
b Tng, M g5 Figure 2-2 1o &5 L 51T, Subphthalocyanine 353 (4
DRI AT FUE, EARIMEEE TEE L T 53, AERNTHEMIEEWINT 5
Z ENTE R 28, Subphthalocyanine #5540 PDT DA ~DISHIZ DWW T O

WF721%. Phthalocyanine F53IRIZ R T, A T L, 12022

— Absorbance [ {&dDE]
1.04 — Fluorescence
- 0.8- 5
c § g
s A <° 0.6- 2
Y = g
\ N R R ‘Q_ 0.4 = ;—-
S E o.z-\ =
SubPc 0.0 rrrrrrr T T T T T T T T T TTTTTT  TTT TTT T T T T T
300 400 500 600 700 800 300
Wavelength / nm
Figure 2-2. The absorption and fluorescence spectra of Subphthalocyanine

L72>L. Subphthalocyanine FFiEfAkiL, M#AUIKE S EALHEZ AL TWDHTED,

Phthalocyanine #5384k & lb T, WK TEAEEZ R LIZ< <. Phthalocyanine #5E &
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R DA OFF> WP TORAERDTEH] Lo il a2 ik L7 #r7z72 PDT
DR 720 5D EMBEABND,

% Z . Subphthalocyanine @ 3% R & ik L., IR ERICHINE ZEH T 5
Subphthalocyanine 5 (kD& Rk % B & L. Subphthalocyanine Bz 7] 1= & @D X £
BRIZ & o CiEfE L 7= Subphthalocyanine dimer (5) & Subphthalocyanine trimer (6) %
Scheme 2-1 [Z/R &AL — MIHES THAL L7, ARFETIX, Subphthalocyanine 8 DBAL
IZ ClI 23 #t X #u 7= Subphthalocyanine (4) & Subphthalocyanine dimer (5) &
Subphthalocyanine trimer (6) D43t HIMEE OFf A, Subphthalocyanine 758 (&~
FHZ X 510, ORADHERE L0, FAEMROFAM 21T - 72, £ 7=, Subphthalocyanine
PR Human HEp2 AlfIZ k3 2 BEpmfifn st & el m O E 1TV, £ Ofh

BIZOWTHEETT O,
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cl ci
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Scheme 2-1. Synthesis of Subphthalocyanine (4), dimer (5) and trimer (6).

2-2. R EELE

2-2.1. Synthesis and characterization

ARSI NTBALEYOIRBET — 1%, %R OFEERIIZFLHE L 72, Subphthalocyanine 3t
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w2 EEROEIX. Tk 4,5-dichlorophthalonitrile & 1,2,4,5,-tetracyanobenzene, BCl;
D pxylene FIEIN D . LD FEERBBIT o, B
Subphthalocyanine (4) & Subphthalocyanine dimer (5) & Subphthalocyanine trimer (6)
DB X, p-xylene F1CIThiL, FONTHAERWEZ L U BT NVH T KL > THE
"L, HEAEHORMIZAEH & BT, CHCl; ZHEA & L THWE D 1 7 v
HPLC IZ &> TfT o7z, JE#EmHr. 'HNMR A7 hL BESHICE Y, Scheme 2-1
|27~ S 415 Subphthalocyanine (4) & Subphthalocyanine dimer (5) & Subphthalocyanine trimer
(6) DARMN I ENT- Z & %78 L 7=, Subphthalocyanine (4) & Subphthalocyanine dimer
(5) & Subphthalocyanine trimer (6) X, 41241, 2.8%. 0.30 %, 0.053 %I THL
HE S 7=, BRKEAU72 Subphthalocyanine J:4% 2 &&i%, CHCI; <> CH,Cl,, toluene & \»
o e RV IS 2 7200 T < . YL Td 5 MeOH <° DMSO (Zx) L
ThftEz R LT,
Figure 2-3 |2, 24 1, CDCl; H1 Tl & & 4172 Subphthalocyanine (4) & Subphthalocyanine
dimer (5) & Subphthalocyanine trimer (6) ™ *H NMR %<2 kL % <9, Subphthalocyanine
(4) TlZ. Subphthalocyanine EgDafiz> H (ZH KT D8l singlet 723 7 /LD I3,
5 =8.93 ppm (&l & 7=, Subphthalocyanine dimer (5) <Ti%. Subphthalocyanine Bt Da.
MO ICHERT DL 7T A, §=899ppm & 891 ppm 12, FAFH AH OFESE %
HT 5 2ARKD singlet 72> 7 F v & LTI S iU, S 512, 2 20 Subphthalocyanine Bg[F]
ZHfET 5 benzo BRI D T 7 L3, § =10.35 ppm 12, 2H DOFESHiE % A9 5 singlet
72y 7l LCEII S vz, £ 72, Subphthalocyanine trimer (6) T, Subphthalocyanine
BROoNLD H ICTHET DL 7T, & =893 ppm 1Tz, At 10H OFENEE A
HEMEC LTz 7l LTINS L, & 512, Subphthalocyanine Bg [F] 1= % #5559
% benzo BRIk D T 7 F L3, 8= 10.26 ppm & 10.35 ppm (2, ZILE I 2H OFEE %

HT 25 2AK0 singlet 723 7 & LCBMI S =,
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(A) monomer 4

a-H

1.0 10.5 10.0 9.5 9.0 8.5 8.0
S /ppm
(B) dimer 5 ot
{_‘A_l
Benzo -H
11.0 10.5 10.0 9.5 9.0 8.5 8.0
S /ppm
(C) trimer 6 i
Benzo -H
{_A_\
.JN\ ~
1.0 10.5 10.0 9.5 9.0 8.5 8.0
S /ppm

Figure 2-3. '*H NMR spectra of Subphthalocyanine (4), dimer (5) and trimer (6).
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F 7. Subphthalocyanine (4) @ CHClL kDA —T /XKL —3 g Lo T, H
FEAR MG B AL, X BRAE A E AT O R 4 Figure 2-4 12787, Z ORGSR 28687
— % % Table 2-1 ([ZF &7, X BAEMEEMAT O/ R, 15072/ M8IE.
Subphthalocyanine B2 DR CH D5 K& < BEATZHEER OBEEZ A L TV D, fEfmig TN
TlX. Subphthalocyanine (4) Z3FREIENAEWICERY AV, 7T LMEEZER L TV
Too Elo. BEVE D B T AFTIE, HHEISHE A - T, BAER>TND 2 ERH L
& 72~ 7=, Subphthalocyanine (4) @ Subphthalocyanine ER D K lZAZE 35 6 {# D C Ji
Fin D785 W L BRPLOR Y R L OERHT, 2795 ATHY . T E TICHE S

#17= Subphthalocyanine B EADHEE & & —F LT\ 5, 10272
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(a)

(b)

Figure 2-4. Crystal structure of Subphthalocyanine (4). (a: top view, b: side view).
Hydrogen and solvents atoms are omitted for clarity.
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Table 2-1. Crystal data and data collection details of Subphthalocyanine (4)

Empirical formula

Formula weight
Temperature (K)

Wave length (A)

Crystal system

Space group

a(A)

b (A)

c (A)

a(®)

B(E)

7()

Volume (A%)

Z

Density (Calculated) (g cm™)
Absorption coefficient (mm™)
F (000)

Crystal size (mm)

0 Range for data collection
Index ranges

Reflections collected
Independent reflections
Max. and Min. transmission
Refinement method
Datal/restraints/parameters
Goodness-of-fit on F?

Final R indices (>2c(/))

R indices (all data)

Largest peak and hole (eA™)

C,4HgBCIl;Ng

637.33

100(2)

0.71075

monoclinic

P2,in

13.0608(4)

7.3803(3)

25.4400(10)

90

99.599(3)

90

2417.89(16)

4

1.751

0.852

1264.00

0.160 X 0.020 X 0.010
1.894 to 28.000
-17<=h<=17, -9<=k<=9, -33<=I<=33
40151

5829 [R;, = 0.0700]

0.992 and 0.895
Full-matrix least-squares on F?2
5829/0/ 343

1.018

R, = 0.0388, wR, = 0.0770
R, = 0.0572, wR, = 0.0834
+0.503 and - 0.341

2-2.2. Absorption and Florescence spectra
Figure 2-5 (2, 1.5x10° M {238\ T, toluene #1 Tl & +17- Subphthalocyanine (4) &
Subphthalocyanine dimer (5) & Subphthalocyanine trimer (6) DOWRIL AT kL & HE A
~7 hVvERT, F72, Subphthalocyanine F5EK 4-6 DWRINA RS kL LA~ 7 K
JLO¥AEIL, Table 2-2 2% & o7z,
Subphthalocyanine (4) @ Q-band i%. 574 nm ([ZH KU & 249 W & L CEl
W Edu, #EART RuiE, 584 nm (2@ 472, Subphthalocyanine dimer (5) Tid,
Subphthalocyanine (4) @ Q-band DR KW KA 135 nm 1Z ERIE&K 7 k L7z 709
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m SRR I & 2 A4 2 WU & LT Q-band 23U S 47z, dimer (5) DG AL
7 RV, 712 nm (28I S 7=, F7-. Subphthalocyanine trimer (6) @ Q-band I,
Subphthalocyanine (4) @ Q-band ORIV £ 5 203 nm 1Z LR KR ~7 B LT 777

m SRR & 22 A9 D WRIHY & L TR S v, OB A7 Rovid, 784 nm (ZBLH
&7z, Subphthalocyanine 352 ffK 5,6 DI ALY h LTI THERR S 1172 Q-band
DR FE 7 M, Subphthalocyanine == h &5 L7 2 &1L D« AR OYILHE
IZEDbDTH D,

F72. toluene H°C Subphthalocyanine #& & 4-6 DX LE IR (OF) OHIED
1TV>. Subphthalocyanine (4) ®®F (% 0.39, Subphthalocyanine dimer (5) ®®F % 0.26,
Subphthalocyanine trimer (6) ®®F X 019 T&H>7-, 4El, toluene H TH S 7=
Subphthalocyanine #% & {K 4-6 O3 FHIFFMEIT., ZThETiIZHEILTND
Subphthalocyanine :f % Bk DR & —5 LT\ 5, 2%

Subphthalocyanine === | ®3##% 2 L W | Subphthalocyanine #:#% % 81K 5,6 1%, PDT
DIFHEAN L IE L SN D TEEOE] IR DRI O Z I L @D
RN ERTHZ L AL NE o T,
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(A) monomer4
1.0 5

0.8 =

l!

0.4 <

£/ 10°M 'em™”
“nUe | Ay suaju)

0.2 =

n.ﬂ LA R LS AR LR LR R AL LR RN LR LR RALE) LALL)

300 400 500 600 T00 800 200
Wavelength / nm
(B) dimer5
25 =
2.0 =
1.5 =

1.0 =

£110°M 'em”
e § Ajsuagu)

0.5 =

0.0 <
200 400 S00 600 700 800 200

Wavelength / nm
(C) trimer6
2.0 5

1.5 5

1.0 5

£110°Mem”
B j Ajsuagu|

0.5 =

0.0 =
300 400 500 600 700 800 200
Wavelength / nm

Figure 2-5. Absorption and fluorescence spectra of SubPcs 4-6 in toluene. (black line :
absorption, red line : fluorescence.)
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Table 2-2. Photophysical and photochemical parameters of SubPcs 4-6 in toluene at 1.5 x
10° M.
comp. Aviax (NM) Aem (NM) SS (nm) OF (%)
Monomer 1 574 584 10 39.0

Dimer 2 709 712 3 25.9
Trimer 3 777 784 7 18.9

® ®F were evaluated using an absolute PL quantum yield measurement apparatus described in the

literature [30].

2-2.3. Solvent effects

DMSO 1, 1.5x10®° M {233\ CT#LHI & 1 7= Subphthalocyanine 7% & (4 4-6 DYWL A~
FVid, toluene FTHIE SN ZNEDRINARY RV EHIEL T, A7 bV
ICRERPEREZ R LI, 2O K9 RO OREEIX, FimtEo s\ Phthalocyanine 75
EThhiE, WETCTORAKROBRICER LTS, T UL ans,
Subphthalocyanine #% & {& 4-6 ™ DMSO H T&LH S 7= I A2 kL Ti,
Phthalocyanine AT TRAEERLTER LIZERICBIII S D X 5 R B ikmko
BT 72 W DI B HERR STl X 512, Subphthalocyanine B8 O 7 A& i Y 72
PEE D BRI O S A IROIEERITAE Tl < W2 &0, BINEMERR I < & % DMSO T,
DMAO @ B JEF~OINEIZ LY | {LEHEEL L TORDPHET D, KEEROTK
X, EVAECIIKLKRDTHAD Z L &HE x5 & Subphthalocyanine F5E (K 4-6 @
DMSO HI TOWIRLANZ hIVDOREEDN  RERERICERNT 2 b DO TH D Lt 2
ZEFEELV,

% Z T, toluene & DMSO D{RFEHFRDZAZ £ S Subphthalocyanine F5E (K 4-6 @
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toluene / DMSO VA ANR T TOWRIL A7 R VORIEZITV., £ D F% Figure 2-6 |2
3, Figure 2-6 (278 SV A AERIT, AUEHEE 2 1.5%x10° M 277 L 7= toluene I & [A]
IR D DMSO EIR DIRA =228 U CHIE LB ORISR CTH 5., Subphthalocyanine
FHER 46 13, WL, IRAEEE T O DMSO ORFEIERBEINT HIcoh T, A
7 NIVEREEDND L CWD Z ERBH B E 257, F7-. Subphthalocyanine #%E (K 4-6
O toluene %%~ DMSO D ##$1, Subphthalocyanine 7% & {4 4-6 (> DMSO ¥k~ toluene
DWMIZO2NTH, BABEE TS O DMSO OB INT 51220 T,

Subphthalocyanine #5E (K 4-6 D A7 FVREEDEA T 5 &\ 9 [AER R 2 s Bl =
7z, toluene & DMSO DIEFELLRDZEAVITAE - T, WIL AT ML OZAERAE =2 &
R0, BERHEROH 12 72RICH OFBLE B >7- 2 & 225 Subphthalocyanine 73
K 4-6 ® DMSO H1 TOWILA Y F L DigiEzElE, DMSO OEBZRIZE 56D TH D

EoRIB LTz,
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(A) monomer4
1.0 4

= toluene :DMSO=4:0
s toluene : DMSO =3 :1
0.8 — — toluene : DMSO =2:2
- s e toluene : DMSO=1:3
= —— toluene :DMSO=0:4
Y 0.6 -
mi
S 04+
@
0.2 4
0.0
300 400 500 600 700 800 900
Wavelength / nm
(B) dimer5
2.5 -|—— toluene : DMSO=4:0
= toluene :DMSO=3:1
20-_ toluene :DMSO=2:2
- |~ toluene :DMSO=1:3
= s toluene :DMSO=0:4
S 15+
-
w
S 1.0+
e
0.5 4
0.0
300 400 500 600 700 800 900
Wavelength /nm
(C) trimer 6
2.0 |~ toluene :DMSO =4:0
w—— toluene : DMSO =3: 1
=~ toluene :DMSO=2:2
- 1.5 o= toluene :DMSO=1:3
£ = toluene :DMSO=0:4
o
= 1.0
b
® 05+
0.0 —

300 400 500 600 700 800 900
Wavelength /nm

Figure 2-6. The spectral changes of UV-vis spectra of SubPcs 4-6 in toluene / DMSO

mixed solutions.
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2-2.4. Singlet oxygen generation properties

Subphthalocyanine 7%k 4-6 73, PDT OJEHEAIE L TORT vy v aEH L TWD
D % FEFR 3 5 72 ® . Subphthalocyanine (4) . Subphthalocyanine dimer (5) .
Subphthalocyanine trimer (6) DOYFREHZFE S 'O, BAREDFM AT, L ED [HTF
74 >4 Phthalocyanine O A ik & PDT 1&14) & RIERIC, YEHARGEI~D YIRS 2 £ - TR A
L 7210212 & D AHRAN 5 1 DERAL 53 i S O #rse 1IN ZR (DA apsonee) & 02 T 2E B D FRHE
& LTl L7z, Subphthalocyanine #%E(A 4-6 DDA yeone DIEIL. *0, DFFEHEAI & L T
1,3-Diphenylisobenzofuran (DPBF) ZfH L, =X (1) % W TEHE L 7=, Subphthalocyanine

(4) . Subphthalocyanine dimer (5). Subphthalocyanine trimer (6) DJtRE, ENZF A
@ Q-band (Z%}i=d" % 570 nm, 700 nm, 770 nm D% W& L TIT o7,

Subphthalocyanine 7% {k 4-6 & DPBF DIRATAIR~D IS ORI, BL S A7 WY
AT WV OEALE Figure 2-7, 2-8, 2-9 (kL & s T& B 7= DPBF O G D
I MR A Figure 2-10 (Z7”97, DPBF ORRIL AR DA weoie PFHHITIZ, DPBF @
W B D AR O E 23, ERPEZ REF L T A X OEEZ M L CEHR 21T 72,
Table 2-3 |21%. '0,1Z X o THiR L7z DPBF D4y -4k & A ORI L 7= e 155 % 7R~
9, F£7-. Subphthalocyanine #E A& 4-6 (25 L T HILTZDA pone DI % Table 2-4
(ZRT

Subphthalocyanine #5:& {4k 4-6 & DPBF @ toluene 1R SRR ~D ERRE EBR TIE, W
NOFEBRIZEBWTSH, DPBF IZHIKT 2 417 nm BT OWIH 2’ KX < L, KRS
I & > THRAE L 10,12 & % DPBF OF{b RN A Uiz 2 & DSHERR S Uiz, toluene Hod
Subphthalocyanine (4) ~®YEHEEHZ X % DPBF OV /3 fRZNH DA ssore DEIL. 20.4 %
Thd LR SN, £7-. toluene H @ Subphthalocyanine dimer (5) 3 Xk O
Subphthalocyanine trimer (6) ~YHRFHZ L 5 DPBF OB RN DA apsonne D IEIE

FNZFEN158% & 146%ThHHLEEINT-,
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WAZ, [Akk D FEERZAE ¢, Subphthalocyanine 558 (A 4-6 & DPBF & DMSO R &K
~O NS EBR 1T 572, DMSO H @ )& TliX, Subphthalocyanine (4) X
Subphthalocyanine dimer (5) (Z5%F L Cix, DPBF H3KD 417 nm F3E ORI D F DI
D3MBLAI 47273, Subphthalocyanine trimer (6) Ti%, DPBF HIRDOWINHF O T
72<, 777 nm £ @ Subphthalocyanine trimer (6) Fi Sk DU HF DI E [FIRFIZ AERS
A7z, DPBF Hi3k®D 417 nm DOWRILE D)~ 5 FHE S 4172 Subphthalocyanine (4) |
Subphthalocyanine dimer (5) 35X T® Subphthalocyanine trimer (6) ~DYOMEIZ LD
DPBF DAL ITENZE DA apsorne PDIEIE, ZHZH, 8.65% | 7.75% | 238% ThH -7,

THETHRH L TE QA poue (3 THIRAN D T OO HBEL D D LIUGE L,
PR H R ORI OO E O M#R OB = OBiEZ EHEA L, R L TE 2, L
L. DMSO H1® Subphthalocyanine trimer (6) & DPBF @ X 5 (2, 417 nm TH#E#H57 1
HI SR DWW HF & SEBEREAI R SR DU A E 72 0 2R 7pds0v0, FAELTZ 1010 k-
T AHIREAIT T ORI T < AN O3 R b FIRFIAE U 5 551213, 417 nm
DWRCE DI DO E Z | A HROWOEE DO & LT, B, A5 2 L1
R7pun,

T, AFEBRTIE, BLTFICRTHIEICL Y . DPBF DA E KD, £ Offi%
AL T, BEOOA poue PHEHE1T->72, DMSO HCEIH & 7= Subphthalocyanine
trimer (6) & DPBF OWGIN A7 L OAEE DO EICI T DL (obs. [abs. x]) 1.
ZDWETFIT D DPBF DL ([abs. DPBF x]) & YHEFHITd % Subphthalocyanine
trimer (6) DOWILEE ([Abs. Psx]) OFITH D72, 417 nm OWEEE L, & ZEHWT
I ENTED,

obs. [abs. 417] = [abs. DPBF 4] + [abs. Ps 47] « -« - (a)
ZDT=H, 417 nm B W TR S 7B EifR OB X (A obs. [abs. 47]) 1.

A obs. [abs. 417] = A [abs. DPBF 47] + A [abs. PS 417] c o (b
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F 72, 417 nm IZE T D IEHEIEHIN O B OWSEE OJGE DO X (A [abs. Ps 417]) 1E. JEHARK
F DI DY SCAT 0> & 72 2 B D & DWEE DI DM E (A [abs. Ps xo]) ZFIH L. (c)
KL > TR o7, ZOF, A O3 RIC Ko TH 72 2RI A FEBL L 720 2
L &AREE LT,

A [abs. Ps 417] = [abs. Ps 417] X A [abs. Ps x,] - - (0
AEBRCIL. Subphthalocyanine trimer (6) DD NS 7225 777 nm OWLEE DY
RO E Z A [abs. Ps x,] & L7z, (b) L () & MW T, DPBF D4 D
MR O E ZFH L. EODA peone DFHEAT 572, BEODA gpeoie P HHNTIEL, SEFUG
HHIZ EBRIC B S 07z 417 nm ORER RO X OEMRER B WK OT — 2 2 HEH L
77

Figure 2-11 (2, EBICBUH <72 417 nm DU OJEE B, 777 nm DU SERE O
=MD RAED 5272 Subphthalocyanine trimer (6) @ 417 nm OWSEE O iR, HH
S 17z DPBF D20 417 nm OWEE OIS #2797, A obs. [abs. 47] = - 0.000967, A
[abs. trimer 417] = - 0.0000225 T& % 7= %, DPBF OO tifit OfE % (X, A [abs. DPBF
a7] = - 0.000945 & 720 . Subphthalocyanine trimer (6) & DPBF @ DMSO B &K ~D
JEIRET BRI BT D B ODA goe 1T 2.25% & 72572,

toluene H DDA zpsore PE Tl Subphthalocyanine dimer (5) (®A gsore = 15.8 %) &
Subphthalocyanine trimer (6) (DA e = 14.6 %) (K& 227X 720 > 7253, DMSO H D
M5 DDA apsotue DTED N K X 227803 E U= 01X, trimer (6) OWISHTIX, £ UK
'0, 7% DPBF O3 fiR721F T < trimer (6) OOFRIC LI SH72720. DA gsone PE
DINSLK oo Z EMNRIBRI D,

F 72, Subphthalocyanine # &1k 4-6 D4 TDILEWIZIUN T, toluene DDA spsoie &
DMSO H1 DDA gooiuee P FIDAE U 72 K& 775013 I T 0, OIIEHEEICENT 5 b

DTHDHEEZBND, T.Linker H1%, IH#IC X% 0, OEIEHRENHEVIE L, L8
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£2'0, DHKBELY b, "0, BELSF & OIS 2 3R N+ 2 2 &
ZHE L TR | toluene d 0, DRIEHE (ko) 13, ke=5.0x10°s" THDDIZH LT,
DMSO ® 'O, D ITEHEE (ky) 1%, kg =3.3 x 10* s™ & toluene H O IJEHE L 0 H/h &
IfEZFFDO, £V K& 10, ORIEEEZ AT S toluene T, FA L7210, LA
53 & DRUSHERMEEI L. DPBF DAL/ AE SIS EFIZAE U772, toluene H1 O
DA sisoe & DMSO DDA gysgie (Z K E RFEWNE LT b DL EZ g, BH¥

Subphthalocyanine #3E {4 4-6 D DMSO HT DDA gpeone 12565 L T SCHRE & EBRIE D FHEL
EAEFEH LT, R E TUEE(DA reative) DHH 21T > 72, DMSO H T DPBF Ofg{k5y
fi#\Z %95 Subphthalocyanine (4) . Subphthalocyanine dimer (5) 35 X UF Subphthalocyanine
trimer (6) DO®A relative [T, ZFALEFL, 56 % . 50 %, 14 % T ->7=, Subphthalocyanine

(4) & Subphthalocyanine dimer (5) (2% L T DAL 7= DA relative DIEIZ. ZALE TITH
&N 72 DMSO I TEAIKRETER L TV 72\ F4 19 Phthalocyanine &% EA O i k2
D bRERBTHT, B

Subphthalocyanine #%5E(k 4-6 @ 'O, FEARE DREAT D% F-. Subphthalocyanine £ % &
5,6 1. MEKRDZE] &FHIN DERIMER O 2 B4 5 Z LI2 X > T, toluene Y
DIT2 B, WIEREECTH D DMSO FIZBW T, "0, 2 HAETHZ ENARETH Y |

PDT OYHEEHAI & LTS T 5 2 L IZHIRFOR T O/ RIE BT,
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4 with DPBF in toluene.

0.5 H

0.4 -

0.3

0.2 +

Absorbance / a.u.

014\

300 400 500 600 700 800 900
Wavelength / nm

4 with DPBF in DMSO.
0.5 4

0.4 +

0.3 -

Absorbance [ a.u.

300 400 500 600 700 800 200
Wavelength / nm

Figure 2-7. The absorption spectral changes during photo reactions of 4.
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5 with DPBF in toluene.

Absorbance [ a.u.

300 400 500 600 700 800 900
Wavelength / nm

5 with DPBF in DMSO.

0.5 -

04 -

Absorbance f/a.u.

300 400 500 600 700 800 900
Wavelength / nm

Figure 2-8. The absorption spectral changes during photo reactions of 5.
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6 with DPBF in toluene.

0.5

0.4

0.3 +

0.2 -

Absorbance [ a.u.

0.1 -

0.0 +
300 400 500 600 700 800 900
Wavelength / nm

6 with DPBF in DMSO.

0.5

0.4 —

0.3

0.2

Absorbance [ a.u.

0.1

0.0 -
300 400 500 600 700 800 900
Wavelength / nm

Figure 2-9. The absorption spectral changes during photo reactions of 6.
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4 with DPBF in toluene.

0.5 5
0.4
0.3 5

0.2 5

Absorbance / a.u.

0.1 5

0.0 +rrrrrrrrTrTTTTTTTTT T YT
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5 with DPBF in toluene.
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Time [ sec.

6 with DPBF in toluene.

0.5
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0.3

0.2 5

Absorbance / a.u.

0.1 4

0.0 4+rrrryrrrryrrrrTTTITTTTTIT IO
0 10 20 30 40 50 60
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4 with DPBF in DMSO.

0.5

0.4 4

0.3 9

0.2 1
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0.1 4

LR i B L L LR B |
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Time [ sec.

5 with DPBF in DMSO.

0.5 =
0.4
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0.2 5
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Figure 2-10. The decay curve of absorbance at 417 nm during photo reactions of SubPcs
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0.5 y = - 0.000967 X + 0.449

R? = 0.996

3 04

2 y =- 0.000945X + 0.433

¢ 03- R2=099

i=

o

'g 0.2+

2

< 0.1 y = - 0.0000225X + 0.0165
R? = 0.996

)
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Time / sec.
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Figure 2-11. The decay curves of absorbance at 417 nm in Subphthalocyanine trimer 6.
W obs. [abs. 417], @: abs. trimer 417,and A: abs. DPBF 4.
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Table 2-3. The values used for the calculations of the quantum yields.
SubPc solvent number of molecules number of photons
toluene 1.17 x 10" 5.75 x 10"
monomer 4
DMSO 3.91 x 10" 4,52 x 10"
toluene 1.88 x 10™ 1.20 x 10*°
dimer 5
DMSO 2.12 x 10" 2.73 x 10"
_ toluene 1.66 x 10" 1.13 x 10'°
trimer 6
DMSO 7.70 x 10" 3.42 x 10"

Table 2-4. The values of the absolute quantum yields (®A apsone) Of SubPcs 4-6.
SUbPC SO|Vent (I)A absolute [%] q)A relative [%]
toluene 20.4 -
monomer 4
DMSO 8.65 56
_ toluene 15.8 -
dimer 5
DMSO 7.75 50
_ toluene 14.6 -
trimer 6
DMSO 2.25 14
ZnPc DMSO 10.3 67°
& Data from reference [38].

2-2.5. Darktoxicity and photocytotoxicity
FSDOMREIZ L - T, "0, ZFAETDHZ L AR S N7 Subphthalocyanine (4) |

Subphthalocyanine dimer (5) 33 & O Subphthalocyanine trimer (6) (ZxF LT, & ~MEERE

66



DM /AL TEH S human HEp2 HERRIZ x4 2 S pril stk & il sEr: O 217 -
7. Subphthalocyanine FHHER 4-6 OMAREMEDOFHMIX, 1 & & FEEO FIE TV,

Subphthalocyanine #5338 1& 4-6 O EE D5 F % | Figure 2-12 |27~ 7, Subphthalocyanine
FHER 4-6 1%, human HEp2 @izt LC, WINEAS 100 uM (23 L C & B ATl i #k
EREIRNZ L&A L, 72, K15 Jem® OXOBKREIT->TH, MdOAFERD
RERZEITHA ST, Subphthalocyanine #7535 (K 4-6 1%, StMIfaEMEL A L TN 2
& B B E 7257, Subphthalocyanine 58 (A 4-6 23 il ME A R Lo 7o 2 &

A IAEN DI TR RBUKIEZ B L TR ST Z L BFERTH D EEZAD

N5,
Dark toxicity Photo toxicity
HW% ___ - ] i
¢
Jf-: 1514 E £
g |-
z :
E i
T Z "
20 20
% » - - » 0 “ 5 % " s 0o
Conceniration {pyl) Comceniration {ah)
Figure 2-12. The cytotoxicity of SubPcs 4-6 for HEp2 cell. o: monomer 4, m: dimer 5,
A trimer 6.

2-3. i
Subphthalocyanine 28 DBALIZ Cl %% A3 % Subphthalocyanine (4) & Subphthalocyanine
BRI L2 @O BRI - THRE L, &R OILE S #1172 Subphthalocyanine
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dimer (5) 35 X U Subphthalocyanine trimer (6) % hk L7, 435417z Subphthalocyanine
A 4-6 13, CHCI3X° CH,Cly, toluene & o 7= — A e AT IR BE IR IS~ 2 7210 T 72
<. ABPEFRIECd % MeOH X° DMSO (Zxt LT b2~ Lz, £7o. R OILE
S 7= Subphthalocyanine dimer (5) 35 X OF Subphthalocyanine trimer (6) 1. WIS o fi
KRRz, EEDOR] LMHEN L ERFEROESOERIMEEE THET 2 Z &3 T
7=, Subphthalocyanine #%E A& 4-6 X, toluene 7211 T2 < | WMEIEHTH H DMSO
HIZIRWNThH, HOMKEEZIT T, "0, 2 RET 2 Z LRSI,

L2 L7223 5, human HEp2 Ml %3 2 ik O FA DOR5F, Subphthalocyanine
AR 4-6 1T, BEATMAFEIEZ T T <L SGE@EE b A L TN L E
V. A Hk L 7= Subphthalocyanine #%538(k 4-6 Tid, BLE(RECTIX, PDT OYeRgEAl & LTo
JEFIZEE LV, L2s L7223 5 Subphthalocyanine #:5{A1Z, PDT OJeHEFHI & L T E
LIRSS EBEBU S R 22 RF 72 7200 T2 8D | SEEFI A~ OIS BT 2R b £ 0 &
TR, ZD7=, ARFEERCHiH L7- Subphthalocyanine #53& (A 4-6 73, toluene
THEH DM, FEFICKRER 1O, BAEREALTND LWV FERIT, ##l7e PDT AKX
WA ZBRET D LW D RICBW T, EBICERODH MR THD LW 2D, £z,
JAIZHL Y A F DI +45 72 Bk M 24572 Subphthalocyanine #% &A%, Phthalocyanine #%
WKL b, @0 PDT 2 REAA LTS Z LRI TX 272, ERDZIRD S

o,
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B EFROLSFHEEEF T 5 Porphyrinoid 3 EE D

AR —EHHEBR AR
3-1. ¥E
BIECTHHA L L 12, DAREFDOMOIFKIIRTT 5 PDT {BEICB W T, Hlla~

(b7 & A — V% -2 DIEPERRRFEOARUZIL, HHEANT X 2 OFED L L 7
%o JHHEHN G312 K 2 0=RA 72t DI, PDT IR R & /2T 2 IFH I B2 el
HTHDH, 1 BD [HF A4 P Phthalocyanine @ &% & PDT i) & 2 ED

[Subphthalocyanine Z &A&D A AL & PDT M) Tik, JHIAIN FZERICHERET 5 4K
WNTONE R NEOHELZ B E LT, THEEOR] LTS EERFEREO &R
ShiEIR (650 ~ 900 nm) (ZWRUNAT & A % 43 F- & IV T2 PDT IHPEIC DUV TR 21T -
T&E o, ARETIE, SBHEEAIORM 2O L LT, 6 FRINEIR 2RI

IZEH LT,

TR SR &1 2 8 o0 - 2 RIS WRIN S b iR T d D L1930 4RI Maria
Goppert-Mayer 1=V, £ OBEGHSYD TRBS B L TH 5, W e TR L 5
JibEIR B~ DB RIL, BhEOGIREE O “SRICHBIT D720, DT RINEIG O 5] ik
T TOITE, B — P —IC KD NORNPME L 725, I FRINEIGIL, £ty
—PF—DEFETULMELRW D, O FRINBIG 2RI 45 2 L2k Y, Figure

LITREND KO 22 MBI 2B A e & 72 D, Fio, A RINBS T, xt
LT DINEICHERBE T R X —DH5 DT RN F—FRfo 70t F %2 2 HFRINT
LIl THESTEMETE S, B zorn, AREBBROE EEOR] Ko
e Wz O FRINBLG AR5 Z & T, 300 ~ 450 nm fTTic I 2R H, 2
IET PDT HONHIEAIE L COSHT2 2 &R L W e SN TE 2o+ b AEE
Y TR OWREINT 2 Z ENATREL 2D, RO FEEONIT KD a7k
IR 23 2 A 2RI L7z PDT 16513, ZEMIBRIRANITIER 2 Z & 25 ATREZR
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726 0N ARSI D IEE HI~D & A — 2 5 L PDT OIRENEZ @b 5 2 &0,
ARG D DS AFFR DIEIE S RN TIT 2 D720 PDT {BED WL T DMgEE D DH T L

b L%, B

— A FRINDES ZHAFRINDIGES

hv

WU DAL SIHF

WAL BT BOLUSBI
WAL, Fh 5B HR WA =KHAATE

! ¥

IR T I RS S5 EHFHTO, HROANE R TES

Figure 3-1. The diagram of one photon absorption and two photon absorption.

ORI AR AT D0 FORHEE LT, RVl R A AT 52 &L b pRE
EHETLI L. LA E RO OIKRNY Py FREEELA LTV D Z LM
LATEY, THE TICHE STV D N FRINFEZ AT 2 BEMEOZ X, 4

BEE LT, BEHBOS FHEZHE LTS, B 7= D Kim 513, LER%
PREF L7 F £, #EE O porphyrin B &8 S, BV itk & BHE O 7 % Ff

o7 porphyrin &L &KD, "N WIUFHEEZ BT 5 2 2B <HE LTV D,

11-15]
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2T, RWFETIE. R FRINEREE A LTV D Z ERHE STV S porphyrin
A% "R & R Uy 1B HS & o 7o ZE#aER porphyrin dimer  (7) & —HE#fgB= porphyrin
dimer (8). BXU, TNAFRINFEZ RS Z En3WIFF SN LbamE LT, 2 DD
phthalocyanine B2 2582 L. &0 FLvEH 2 A3 2 BERYLREM phthalocyanine (9) & 2
2® corrole B£ 43 cyclooctatetraene % 41 L CiE#E S 417 corrole dimer @ (10) DA EAT
W, oI ket PDT OISR & L COBEEA AT 20+ 57-oic, —&

RSB AN RO 21T -T2, B E T H{LEWOREEIX,. Figure 3-2 12/~ T,

Ar

Ar

Ar Ar
Ar
Ar-% Ar-E
Porphyrin dimer (7) Porphyrin dimer (8)
Ar Ar
Ar Ar i A
N N
7 =T =

N O N O N
[N

Nf /M\<—Ma/ \N Ar Ar
N N/ \N_

PP

Ar Ar Ar Ar
irTs
M-EG@ y y
Expanded phthalocyanine (9) Corrole dimer (10)

Figure 3-2. The target compounds.
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3-2. ERLELE

3-2.1. Synthesis and characterization

AR INTFALEVOIRIET — % OFEMIEL, H%RIBOFRIAICTHEH Lo, “EHMER
porphyrin dimer (7) & = EHgBR porphyrin dimer (8) D&fkIL. A. Osuka © D k%
BEATo T2, B £7- | BRPLIEA phthalocyanine (9) & cyclooctatetraene | & - C 4445
&z corrole dimer @ (10) DARIZHOWTH, ik M 2xzici7 -7, Akahn
72Ab&%1%. 'H NMR spectrum, Mass spectrum (2 XV, BB ETAHEEZFLTWS Z
& ffesd Lz,

Figure 3-3 12, =@ . CDCl; H CHIlE S 172 —HifiB= porphyrin dimer (7) & =
fi B porphyrin dimer (8) @ *H NMR spectrum O % /x4, — EAf#ER porphyrin dimer (7)
TlX. porphyrin B2 9> meso i 'H (ZH3KT % singlet 723 7 F L3, § = 9.82 ppm (Z#]
HI &4, porphyrin B2 S-pyrrole B2 D 'H ICHET 5 2 7 L8, §=8.7-9.7 ppm i
ARt A HOMDEEZHETH 6 KOV 7 b LTlllsnz, £z, BaEfike L
T A S 7z 3,5-di-tert-butylphenyl J£ benzene 82D 'H ([CHKT S5 7 F A8 8=77
— 8.3 ppm EIZAFEF 12 H OFEMEZ AT 25 4 KD singlet 72> 71 & L CTHEIMI S 4,
3,5-di-tert-butylphenyl 2 butyl @ 'H (ZHEk3 5> 7 F 23, §=15- 17 ppm HIZH
FFT2HORESMEZ AT D 2 KD singlet 72> 7 )L & L CEII S 7z, Z EHEER porphyrin
dimer (8) T, porphyrin B2 S-pyrrole 2D 'H ([CHKT 5 7 FLid, §=7.69-7.76
ppm B AR 8 H DFESMEE BT 5 2 AD doublet 723 7L L [ §=7.35ppm (T 4H D
oM ZAT D singlet 2> 7 F e L CBESISAE, BUEHRED
3,5-di-tert-butylphenyl £ benzene Bt o iz0> 'H ([ZH¥KT 5> 7 F L3, § = 7.63 ppm
& 7.67 ppm 12, 4 H OFESMEA A9 5 singlet 72> 7 F L & 8 H OFEMEZE AT 5 singlet
eI LTENENBIIS L., £7=. 35-di-tert-butylphenyl @ benzene EBRD

p LD H (ZHKT DT T3, § =758 ppm & 7.61 ppm (2, 2 H DFESMEEZ AT 5
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singlet 72> 7L & AH OFESEEZ AT 5 singlet 723 7 F L & LTCERZENBII ST,
3,5-di-tert-butylphenyl J£® butyl @ 'H 1ZH3KT % 27 FLiE, §=1.41 ppm & 1.45 ppm
12, 36 H OFESMEZ A5 singlet 723 7 F /L & 72 H OFESME A AT 5 singlet 722 7'

e LTENETNBI ST,

(A) double linked porphyrin dimer (7) in CDCI;

| butyl-H
pyrrole-H {_'_]

10.0 9.5 9.0 8.5 8.0 7.5 20 1.5 1.0
5 /ppm

(B) triple linked porphyrin dimer (8) in CDCI,

o,p-H butyl-H
— i
pyrrole-H
r_l_1 pyrrole-H
H.0
8.0 Ta 7.8 7.7 7.6 7.5 74 7.3 1.6 1.5 1.4 1.3

& /ppm

Figure 3-3. The "H NMR spectra of double linked porphyrin dimer (7) and triple linked
porphyrin dimer (8).

Figure 3-4 |2, =R F CHlE S 72 BRILER phthalocyanine (9) & cyclooctatetraene
12 X - TLRAE S 7= corrole dimer @ (10) @ 'H NMR spectrum O#E 4 774, BRyLIEM

phthalocyanine (9) Ti&. #L9E & 7= phthalocyanine Bt Doz H 12 H k3 % singlet 72
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TV, §=8.42ppm & 8.85 ppm [ZELl S AL, £, FEIAEHIL L LTEASH
7z 2,6-dimethylphenyl J: benzene BRDO m, p iz *H (CHKT S5 7N 6=74-175
ppm MIZ, 24 H OFESEEZ AT 2EHEIC R LT-v 7T & LTEAENBLII S i,

2,6-dimethylphenyl 5 methyl 5 'H ([ZHKT 25 v 7 F 1, § = 2.49 ppm (Z, 48 H
OFEHME%E BT % singlet 72> 7 ) /v & LCHIl S 7=, cyclooctatetraene (2 L - TZEHE
&7 corrole dimer @ (10) 1%, CD.Cl, 1 CHllZE &+, corrole B& D S-pyrrole B2 D *H 12
Rk 53 7 F 3, §=852ppm & 8.71ppm 2. TNFHN AH OFNEEZH TS 2 A&
@ doublet 72> 7L b 8 =9.02 ppm IZ 4 H OFESMEE AT 5 singlet 72> 7L & L
THUA S 7=, £7-. corrole B2 inner—NH @ 'H (ZHK+ 5> 7 F 113, 8 =-1.15 ppm

W2, FEWITHEI AN T a— Ry 7t LTS T,
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(A) expanded phthalocyanine (9) in CDCI;

m, p-H
o-H 5 H;O
0 -CH;
\
10 8 6 4 2 0 -2 -4
& /ppm
(B) corrole dimer {10) in CD,CI,
inner- NH
pyrrole-H [
1 0 -1 -2 -3
; 5 /ppm :
“ HID III J"”
|l'l'l'l l'lll'll'lll|l!l’l"l’l'll|'Il'l'l'|l'l'll'|'ll'lllllFI’l'll'l'llll!ll'll'l'lil'll'l;'ll'lll
10 8 6 4 2 0 -2 -4

Figure 3-4. The "H NMR spectra of expanded phthalocyanine (9) and corrole dimer (10).
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Br¥aEAY phthalocyanine (9) DIRIE~0 MeOH DIRINC X 5 FfEEIC L - T, Hifs
DE DA, X RS S AT OfE B 4 Figure 3-5 1R, £72. ZOREMIE. JE0E R
F L L TEA SN 2,6-dimethylphenyl ££ disorder 7238 0 | 52 272 & 1 3R E T E 720
olce LInLRN B, Xk st G i ofs &, BRYLHE phthalocyanine (9) O HLvE
K OREEIX, 20 E TloEids S - BRIKIERY phthalocyanine D HLLyvEHE & [RIAR e fiE &
HALTWDZEBRHALNEotm, B F7= 83HE#EA phthalocyanine B2 DD 8 {H
O CIR 5725 il & HOER Th D Mo i+ DORERHEL, 2406 A THH, KELE

NIEHEEZ AL TWDHZ b bNE o,

(b)

Figure 3-5. Crystal structure of expanded phthalocyanine (9). (a: top view, b: side view).

Hydrogen and solvents atoms are omitted for clarity.
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3-2.2. Absorption spectra

Figure 3-6 |Z. toluene " THll® S+u7- —EMEER porphyrin dimer (7) & = EAFEER
porphyrin dimer  (8) . ER4L5E phthalocyanine (9) @I A~ KL% x L. Figure 3-7
12, 2 T~ 7= Subphthalocyanine dimer (5). Subphthalocyanine trimer (6) X O
cyclooctatetraene |2 L > TZEHE X 1u7= corrole dimer (10) DWLUL A Y kL& Rd, F i,
RO 518 %A % porphyrinoid 75384 5 - 10 DWRINA~2 kLD % | Table
LITF LW,

—HffiBR porphyrin dimer (7) T, porphyrin &% &R IZFFE) 22 58 E DR\ Soret-band
23 417 nm AHE IS S du, & 512, Q-band 28 778 nm B — 2 kv T AT D WIS
&£ 962 nm (Ct—7 by T EATH/NSRWINA L LTRSS, —7, SEiBR
porphyrin dimer  (8) Ti&. Soret-band iZ, 421 nm fFITIZEM S 7223, Q-band DY
L KRE S EWRE T 7 b L7z 1060 nm T B S 47z, & 7= BrIL5EA phthalocyanine

(9) T, phthalocyanine #3E (AP T 5 Q-band 1343%L L, 940 nm, 1025 nm, 1161
nmiZE—2 by 7 OWEEZET DAV & L TEIII S 7z, cyclooctatetraene (2
£ o THUE S 7z corrole dimer (10) DU, corrole &R DRI 5 K E < JE
DEAL L 72T nmiZ e —7 by T OPER 24 250 EOFTROSL ORI MBI S iz,
BRI D53 T B2 A9 % porphyrinoid F5E4K 7 - 10 DI AT Fvid, ZHETIZ
WESNTWDE CPOEKREZAT AT WM AT b & —B LR
nEbh, 068

EHRO 518 % A9 % porphyrinoid #5380K 7 - 10 1%, AR O &I ARIME
BRI 2 A LTS 7, BOEFIRIZ R L7z PDT OYEERGA & L TUSHT 5
ZENFRTHDH Z DR END, £72, 2 B TH o7z Subphthalocyanine dimer (5)
¥ & U Subphthalocyanine trimer (6) % &0 & HFTED 5 FE&% A3 % porphyrinoid 355

K 5-10 1%, EROERJFEIEOEF ORI F—D 2 FDO T R )LX—%FF> 300 ~ 450
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nm AT & I 2 FFo 72D, ERO R ) SOt 2 V7 eSS 2 i L

72 PDT OYEEAI & L TUSHT 2 Z LB ARETH 5 LR SN HMRBGE LT,

(a) double linked porphyrin dimer (7)
0.7 5
0.6 -
0.5
0.4 =
0.3

e110°M'em™

0.2
0.1 4

00 r1rrrrr]rTrrrrryrrrrrrrrorrt

300 600 900 1200 1500
Wavelength / nm

(b) triple linked porphyrin dimer (8)

1.2 =
1.0 —
0.8

0.6 —

£110°M'em™”’

0.4 —

0.2+

DTU r1rrt1 7 rrrrrcr7rTrrrr et T

300 600 900 1200 1500
Wavelength / nm

(c) expanded phthalocyanine (9)
0.7 5
0.6 -
0.5+
0.4 =
0.3

£110°M"'em”

0.2+
0.1

0.0 rIirrftrrr]rrrTrrrr7rrrrer 7T rT e

300 600 900 1200 1500
Wavelength / nm

Figure 3-6. Absorption spectra of rectangle shaped porphyrinoids 7-9 in toluene.
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(a) subphthalocyanine dimer (9)
2.5 4
2.0 H
1.5

1.0 5

el10°M'em’”

0.5+

0.0
300 400 500 600 700 800 900
Wavelength / nm

(b) subphthalocyanine trimer (6)

2.0
1.5 o

1.0 5

¢ 110°M'em”

0.5 <

0.0 +
300 400 500 600 700 800 900
Wavelength / nm

(c) corrole dimer (10)

1.2 5
1.0
0.8 -

0.6 —

c110°m'em™”

0.4

0.2 4

0.0 5
300 400 500 600 700 800 900
Wavelength / nm

Figure 3-7. Absorption spectra of rectangle shaped porphyrinoids 5, 6 and 10 in toluene.
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Table 3-1. Absorption spectra parameters of rectangle shaped porphyrinoids 5-10.
Comp. Wavelength / nm (g / 10° M™ cm™)
Subpc dimer 5 327 (0.64), 613 (0.71), 648 (0.55), 677 (0.58) , 709 (2.2)
Subpc trimer 6 329 (0.86), 602 (0.55), 673 (0.78), 710 (0.64), 776 (1.7)
Double linked por dimer 7 417 (0.62), 551 (0.35), 778 (0.24), 962 (0.019)
Triple linked por dimer 8 421 (1.2), 586 (0.99), 930 (0.15), 1060 (0.27)
Expanded pc 9 400 (0.49), 454 (0.40), 940 (0.63), 1025 (0.33), 1161 (0.16)
Corrole dimer 10 399 (0.88), 479 (0.55), 727 (1.1)

3-2.3. Singlet oxygen generation properties4

ARG O @O ARAMEEI S RIN 2 A LTV D 72 BOLF I Z R L7 PDT
DA E LTUSHT L ZLENHARETH D ENTRINIZR ROy FEkE A
3% porphyrinoid &K 7 - 10 O "0, BAEREDRHMG 21T o 72, "0, FEREDFHM L, A
£ TCHEM LRHlE & Rsko FE% =, 1,3-Diphenylisobenzofuran  (DPBF) %,
FA LT 10, DAy 7 & LCHEH L. toluene H1 > DPBF O E&AL 53 fift St oD st &1+
I (DA spsonute) 120 2 (1) ZHWTEHE ST, OA spsoe PFHRIZIL. DPBF 0 Hh
MROMAE 5, EMRIEZ IRFF L T D XEOEAEN L TRHR 21T 72, RGOS T8
#% %49 % porphyrinoid 753544 7 - 10 Tix, FALAED ORI KT 2R O
St s 4v, ZHMEER porphyrin dimer  (7) TiX 770 nm O, = HfEER porphyrin dimer (8)
TIL 570 nm DY, BRfEsER phthalocyanine (9) CTi 860 nm @, cyclooctatetraene (2
£ - THEKG X 7= corrole dimer (10) T 700 nm D3t % R L 7=,

__HiffiBs porphyrin dimer  (7) 3 XL O =HEHgE: porphyrin dimer (8) & DPBF DiR&

W ~DYERE ORIz, B X7z UV-Vis 2227 L DZE{l L DPBF O ¢ EE D=
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HifR %2 Figure 3-8 (Z7v9, HEffiER porphyrin dimer (7) & DPBF O toluene 1R ATATR ~
DIIREFZBRClX, DPBF (ZHI3RT 5 417 nm fHEORICH S K& < B L, SelgHc
Ko THRAE LT 0,12 K % DPBF OERMb iR A £ Ue 2 & 23R S 47z, toluene oD —
HAEER porphyrin dimer (7)) ~®OY:MRHHNZ L 5 DPBF OFRLI RN DA apsore DIE I
026 % ThdELitR Iz, —J . =HEifiEs porphyrin dimer (8) & DPBF o toluene
IRATRE~D RS F25R¢1%, B porphyrin dimer  (7) & [F UBR, e W& L
7o, DPBF (ZHIZKT % 417 nm {3z OWRILHF O 1%, —HE#fEER porphyrin dimer  (7)
AR L7 S ICBHl SN2 EER LY /&< 580 nm {13r O = HEAFER
porphyrin dimer  (8) HISRDOWLIAF DIFE b [FIRFIZBLIN S 47z, = HE#MEER porphyrin dimer

(8) IZxf LT, 2ETITo = FIRZFIH L T, BEDODA gsoe P FHLH 21T > 72, Figure 3-9
(. EECBI S 172 417 nm OB O R, 585 nm OWOLE DD S R b
57z = EHEER porphyrin dimer  (8) @ 417 nm DWW E OEE AR, S & i7- DPBF
DI 417 nm DU DI R 2 773, A obs. [abs. 417] = - 0.000516. A [abs. por dimer
8 417] = - 0.0000726 T 5 7=, DPBF OADJFE AR OMEE 1L, A [abs. DPBF 4] = -
0.000443 & 720 | = HEHgER porphyrin dimer (8) & DPBF O toluene 1R & TANR~D 1
FEBRICTEB T DEODA psoe 15 0.11 % & 725 7=, —HHEER porphyrin dimer (8) ~®
SOIRS A58 L CHA LTz '0,1%. DPBF OB/ R721 T, A CH D =
HEBR porphyrin dimer (8) ORI H i A < 4v, —EAEER porphyrin dimer (8) DDA asorute

DA WAETTZEEZ BID,
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7 with DPBF in toluene.

0.6 1 0.6
5 05
- [
0.5 —é 0.4
5 s 034
E: 0.4- E 0.2 -
g 2 44
30.3— 0t ryrrryrryTrTTTTTTTTITITIT
lo- 0 300 600 900 1200 1500 1800 2100 2400
E 0.2 = Time [ sec.
<
0.1 -J
ﬂ.ﬂ T|lM]’l|l|lll’|l|ll
300 600 900 1200 1500

Wavelength / nm

8 with DPBF in toluene.

0.7 5 0.7
. 08

0.6 < E 0.5 -
) S 04+
3 0.5+ £ 03-
E E 0.2 4
S 044 < 014
E 0.0 +—+—rrrrrrrrrrrrrrrerrrerrr—
5 0.3 4 1] 300 ©00 900 1200 1500 1800 2100 2400
0 Wavelength / nm
< 024,

0.1

0.0 ||I|lll | UL L L

300 600 900 1200 1500
Wavelength / nm

Figure 3-8. The absorption spectral changes of porphyrin dimer 7, 8 during photo
irradiations. (insets : decay curve of absorbance at 417 nm in photo irradiation)
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3 y=-0.000516 X + 0.633
I 054 R? =0.902
S 04 = n — - .
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-g 03+ Rrr=00978
2 0.2- * . * N .
= y = - 0.0000726 X + 0.0165
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0-0 I | ] l | | ] | I L | | ' | | [ | | ] I | ] ] | I | ] | | l | | | I
0 300 600 900 1200 1500 1800 2100 2400
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Figure 3-9. The decay curves of absorbance at 417 nm in porphyrin dimer 8.
W obs. [abs. 417], @: abs. por dimer 8 4;7,and A: abs. DPBF .

Br§9EY phthalocyanine (9) 35 O cyclooctatetraene |2 X - CZ24% S 417z corrole dimer

(10) & DPBF DEEIRE~DICIRIF ORI, BUHl S 7z UV-Vis A7 hLDZAE &
DPBF DWWt EE D= Mhi#i 2 Figure 3-10 127”7,

Br§L9E%! phthalocyanine (9) & DPBF @ toluene {E &R ~D Y FRETFZBRCix, DPBF

([CHET D 417 nm T O WA O A ITIEIE 72 < 900 nm o LLRE o BR L ok Y
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phthalocyanine (9) HI3RMDWLINHY D K & 72l 23 BRIl S 7=, Figure 3-11 12, BRILIER
phthalocyanine (9) O JERES T TR S 4172 417 nm DY EE OJEE= #h#R . 940 nm
DY SEE DW= S FFE & 7= B JEsER! phthalocyanine (9) @ 417 nm DU Dk
wA#R, FH S 47z DPBF 040 417 nm OWLHE DR s A 7~ 3, O WRIH Ok
FEREFHALCRH LD, ZV0O8EEH LT 523, BRILER phthalocyanine (9)
DI FNZG B ALz DPBF D0 417 nm O 13X, Absorbance / a.u. = 0.4 |Z—E T
B O TR SN o T, T D72, BR4ETER phthalocyanine (9) & DPBF
® toluene JR AR ~D LIRS EBRITIH T D HE D OAgsoiee 13, 0 % T, BRILIEM
phthalocyanine (9) ~DOY:HRE X, 0, Z#FAE LW ERHBNE T2,

BrdLaEAY phthalocyanine (9) ~DYHREFICIH VT, 10, BWRAE Lo RIK & LT,
Be 4yt phthalocyanine (9) Db = HICRAEDFF DT RV F—73 WesE oy T Dbkl
MERTRNF =L SN Shole ZERFERTH L LBEZHND, "0, 1, 1267 nm
AT HZ LB TEBY, 10, ~DRhEIZIX, 1267 nm DR OFFO= 1L
¥k bRERIFAF—NREL R, B LpLans, RkERY
phthalocyanine (9) (%, 1161 nm ({2 — 7 b v 7 &R I 2 A L TWAH 72D, i
i = IR B L R L 7= BRYE5EA phthalocyanine (9) O /¥ —{, 1267 nm DY
ROROZINF—L0 H/hEL, 10, 2EWTH I ENTE ol B ON5,

F 72, cyclooctatetraene (Z & > TZ&4E X 417z corrole dimer (10) & DPBF O toluene i&
BIRIEA~D YRS ZBRTiX, corrole dimer (10) HIskOWRINH I {bIZ72< . DPBF (2
HIKT % 417 nm ABE ORI DOH R R E b L, RIHZ K- TRA L '0,012 &
% DPBF ORELA D B e T & D3ERE STz, toluene H1 D corrole dimer (10) ~

DIEHRENT X 5 DPBF OEELAREN R OA e PIEIT. 6.38% ThH EEHHEHINT-,
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9 with DPBF in toluene.
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10 with DPBF in toluene.
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Figure 3-10. The absorption spectral changes of rectangle shaped porphyrinoids 9, 10
during photo irradiations. (insets : decay curve of absorbance at 417 nm in

photo irradiation)
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Figure 3-11. The decay curves of absorbance at 417 nm in expanded phthalocyanine 9.
W obs. [abs. 417], @: abs. EXPc 47,and A: abs. DPBF 4.

Table 3-2. The values used for the calculations of the quantum yields.

Comp. number of molecules number of photons
7 3.42 x 10" 1.33 x 10*°
8 3.88 x 10" 3.58 x 10'°
10 2.19 x 10™ 3.43 x 10"
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Table 3-3. The values of the absolute quantum yields (DA apsoie) Of rectangle shaped
porphyrinoids 5-10.

Comp. solvent DA apsolute [Y0]
Subphthalocyniane dimer 5 toluene 15.8
Subphthalocyniane trimer 6 toluene 14.6

Double linked porphyrin dimer 7 toluene 0.26
Triple linked porphyrin dimer 8 toluene 0.11
Expanded phthalocyanine 9 toluene -

Corrole dimer 10 toluene 6.38

3-3. finm
T EE A LT D 2 LT SAUTUV D porphyrin B T ER L [F U4y F

Bk 2R o 7o ZHMgER porphyrin dimer  (7) & —H#gER porphyrin dimer  (8) DA%
1To72, o, EAROGTBKERA L TWDHTD, N FRINEREZ RO 2 &3 F4R
INnHibEMmE LT, 2 5® phthalocyanine B 23iE L 7= B2 L3E%! phthalocyanine (9)

& 2 S corrole B2 73 cyclooctatetraene % 41 L CiEifk < 417z corrole dimer (10) D&%
1Tl BEHOS 1B % AT % porphyrinod #E (& 7-10 1%, 'H NMR spectrum, Mass
spectrum (2 Xk 0, AL TAREEZ AL CWVD Z EDNMR SN, 2 HDILEH DR
NART MVERE LTS R B O S 15 %A 7 5 porphyrinoid 7538 (K 7 - 10 1%,

ARFRZRO @ VITRAEIC I 2 A L, £7o, [EROR] sEikotoz X
—D 2O RVF —ZFFD 300 ~ 450 nm AT & RN A2 FFD 2 & D3R S 47z,
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LALLM B AR TR, 6 FRIERICET 2MIEZ1T 9 2 LA TE T, BRYLE
il phthalocyanine (9) & corrole dimer (10) 73, —tFWINEEEZ A L TV D02 5
T D T IR R T,

toluene H1(Z 3\ T, porphyrinoid & (A 7-9 1%, SEDOWEH 2% T, 'O, 2 %L+ 5 2
ENTERES NIz, WIS & 'O, 384 RE & AT % porphyrinoid F5EA 7, 8 1%, /K
VYRR DS EA S, BRASOIEH D ATREIC 20U, D FIRINE S 2RI L7 PDT

DAL LTRREET D 2 LR TELTHAS I,
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4. Phenyl carboxyl Z2DE A S 7z Phthalocyanine @
ot PR A 3 D FRAT

4-1. ¥&5
A3 CH itk L7z & 912, Phthalocyanine & % D& @ Ri%, H5E L 7-n 3£ R ICH

KT D FER B LRI E D720, £ < OER 24D TS, Phthalocyanine Ok
FI0 1ok, Q-band & IFIEH 2 MTARSMEBUCALE L7z T 5, M
Phthalocyanine & E&E AL, Yutl, = B —HEO MR HE T DOIEEH 70 & & o o pEZE
7253 BT, FERICEE & EI 2 A L TR0, AR, F7o0d, ke b
(255 S 4u7z Phthalocyanine (3, ARELEMERC, AEHEI O KIGEMOMFE L LT
DWTEN R AR %S 2 L B8 b Tn D, B

T2, BUKMEOE#HILEZ G925 Phthalocyanine 1%, JE#R 71076 (Photo dynamic
therapy; PDT) D YEHEEAIE LT, FEFITAHFIZR R EZ ARERICAH LT\ A 728, Vicente
5%, Phthalocyanine ®BALIZ, 8 i@ Phenyl dicarboxyl J&4 & A X41, 16 fHD /LR
Wt A 295 Zn(l) $5RZ G L, EFHINEE & PDT OXEHEHAI & LT OTEE
IZOWTHE LT D, B8 Carboxyl 2650 Sulfo 5% 459 % 7kt Phthalocyanine ¥
HONE, B <AET DA, X BREE SRAREHEIT 2 L2 R 052 Z L S NEETH 5
e, T O OREEHEIEIL, 1T E A SHE SN TVRYY,

AWML TIiL. 8 fil @ Phenyl carboxyl %&£ i A X 417z Zn(ll) Phthalocyanine
ZnPc(3-COOH)s (11) ARk E . 11 @ Pyridine A1 O F G i Z & - T, Pyridine 23
DEBETH D Zn ~DOEhEANL & & BT, L EHREE~ B L7z [ZnPc(3-COOH)g(Py)]
8(Py)] (12) DREEMEIEIZSNT, BLNRERA LT, £/, 1 OWETTO
PEIZHOWT, 'H NMR A2 kL, UV-Vis A7 kb, @A~ "Lz FIVWTCH

RO T, FTHUZOWNWTHOETEEZTT I,

92



4-2. FERLEBLE

4-2.1. Synthesis and characterization
Scheme 4-1 (%, 8 f#l ™ Phenyl carboxyl %™ A X417 Zn(ll) Phthalocyanine
ZnPc(3-COOH)g (11) & Pyridine 73123 H e B ~OBHELAL & | JEIAEHL L~ DRI
T L > THONTZEEY [ZnPc(3-COOH)g(Py)] * 8(Py)] (12) D& Z~T, BR

JE01Z, 8 {E ™ Phenyl carboxyl ZEDE A s 7-{bEH (11, 12) OERRIE, STHRIZHE-

ATtz B

CO;H  HOA C — o ]

mg s gmeamas o S5 @ 5} @ - @%\ S0,

\@:a U ; = 0‘@ HOLC, D_&NN/ . COH

4,5-bis{2-ethoxycarbonylphenoxylphthalonitrile ©’ o o @
ﬁn;c{;-co,H),:] 1] L COH  HOL |
[ZnPc(3-CO-H)(Py|]-8Fy (2)
Scheme 4-1. Synthesis of phthalocyanine complexes bearing phenyl carboxyl groups.

IH NMR A7 kv, UV-Vis A7 kL. MALDI-TOF-Mass A7 kv, J.H#5
Hrick -, BLEMOA AR L=, 8 ffld Phenyl carboxyl D& A 7= 11
IX. CHCI3 > CH,Cl,, CeHg & Vo 7 FERRME D HEIAIE A~ DO VRN 2 | FIFFF 72 7203,
Pyridine <> Acetone, DMSO & o 72 MRS 13, @ WA R 2 7”97, & 7=, Pyridine-ds
FCHIE S 72 'H NMR 227 R LDOFER)>5 . Phenyl carboxyl JEF kD 2 7 F L3,
§=17.48 (5*H)., 17.56 (4*H). 8.20 (6*H). 8.40 (2*H) ppm Z#IH| =41, Phthalocyanine
BROoaH O 7 /WX, $iv singlet 72271 E LT, 6§=9.49 ppm [T S 7=,

11 @ Pyridine / n-hexane &K DGR Z#H LT, 12 A3, #LDfEM & L TR LN,
12 O X FRERE RS OfE B 15 517z ORTEP ¥ % Figure 4-1 1277, fidmT — 4. f&
ARLEEADOY A ML, Table 4-1 & 42127 L7z, 121X, FO0BETHD Zn i
HhELAL L 7= Pyridine 23172 1F Tl 72 < | B E#LIL TH % Phenyl carboxyl Fe IR0 L
7z Pyridine 737 & & BT, L L TWD Z ERH BN E R T2,
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Figure 4-1. ORTEP view of 12. Hydrogen atoms except for the carboxylic protons are
omitted for clarity. The thermal elipsoids are shown at the 30 % probably

level. CCDC number ; 1509837.

VAIERD U 7= Pyridine 43113, B E#L 3L T & % Phenyl carboxyl % & /K E#EG %2 LT,
fti& LTk 0 . Phenyl carboxyl £ O Jii7- & Pyridine 731 N Ji-1 O -2 EEEX, Ave.
O-N=266 A TH-7-,

F 7=, HhENAL L 7= Pyridine © N B & Zn JRFOHEEL, Zn(1)-NK(9)=2.121 A TH
v . Phthalocyanine @™ 4 >® N JF1-& Zn Jf & OF¥IEERfEIX, Zn(1)-Neg(ave.) =2.027 A
T& 7z, Phthalocyanine B8 4 5 N J5i+ (N1, 3,5,7) &HhfdAz L 7= Pyridine ™ N J&
T (N9 @550 NJEFIE, Zn AT LT, SEMLTE T Xy FARIZENZ L, Zn 5
FI1E. N1, 3,5, 7 (2 & » TR S LD Wik S #hEcAL L 7= Pyridine @ N JE7 (N9) 18I~

0417TA B X ERS>THEL TV,
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Phthalocyanine @ N Jii1- & Zn Jii 1D AEES>, Phthalocyanine & Pyridine @ N J& -1
ICE o TR END FHENDD Zn T ORBOREIZ, nETicmiInTng
axial f71 Pyridine 23A% L 7= Zn (11) Phthalocyanine #:&{k & [AFLE <o 5, M F7-,
Phthalocyanine @ 4 ->® N i1 25E 9 % K- & filllid(iz L 7z Pyridine @ Pyridine 887> 6
72% " HEfIE, 85.92 °C, Pyridine 43 7-i%. Phthalocyanine BRI % LT, IITEA L

T, BfZLTWAZ E BN E o7,

Table 4-1. Crystal data and data collection details of 12
Enpirical formula Co3H53Ng0547n-8(CsHsN)
Formula weight 2378.61
Temperature (K) 100(2)
Wave length (A) 1.54187
Crystal system Triclinic
Space group P1
a(A) 17.774(3)
b(A) 18.358(3)
¢ (A) 23.891(5)
a) 74.926(12)
BCH 83.972(12)
y(© ) 70.555(12)
Volume (A?) 7097(2)
V4 2
Density (Calculated) (Mg m> ) 1.113
Absorption coefficient (mm') 0.241
F (000) 2464.00
Crystal size (mm) 0.150x 0.120 x 0.040
0 Range for data collection ) 3.004 to 26.000
Index ranges 21<=h<=21, -22<=k<=22, -29<=]<=29
Reflections collected 103751
Independent reflections 27824 [R;,; = 0.0963]
Maximum and minimum transmission 0.990 and 0.892
Refinement method Full-matrix least-squares on F*
Data/restraints/parameters 27824 /178 /1667
Goodness-of-fit on F? 1.085
Final R indices (/=2 o (1)) R1=0.0994, wR, = 0.2034
R indices (all data) Ry =0.1528, wR, = 0.2353
Largest peak and hole (¢ A~?) +0.73 and -0.60
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Table 4-2. The data of selected bond distances and bond angles of crystal of 12

Zn(1)-Ny(1)  2.033(4) Ne D-Zn(1)-Ney(3)  87.4(2) C(4)-0(1)-C(9) 117.9(4)
Zn(1)Ne(3)  2.024(4) Neo(D)-Zn(1)-Nyy(5)  156.2(2) C(5)-0(4)-C(16) 119.3(4)
Zn(1)-Ne(5)  2.018(4) Neg D-Zn(1)-Ne(7) 88.0(1) C(26)-0(7)-C(31) 116.9(4)
Zn(1)-Nyy(7)  2.034(5) N (3)-Zn(1)-Ney(5)  87.8(2) C(27)-0(10)-C(38) 117.6(4)
Zn(1)-Ny(9)  2.121(4) Ney(3)-Zn(1)-Ney(7)  156.4(2) C(48)-0(13)-C(53) 116.8(4)
Zn-Nfave)  2.027(4) Ney(5)-Zn(1)-Ney(7)  87.1(1) C(49)-0(16)-C(60) 118.1(4)
| AZn | 0.417 Neo(1)-Zn(1)-Ny(9)  101.7(2) C(70)-0(19)-C(75) 120.2(4)
0" 85.92 Ney(3)-Zn(1)-Ney(9)  1033(2) C(71)-0(22)-C(82) 118.8(3)
dy 3376 Ney(5)-Zn(1)-Ney(®)  102.1(2) C-0-C (ave.) 118.2(4)

dy 4.774 Ney(7)-Zn(1)-Ngg(9)  1003(2)

“ The distance between the Zn(1I) atom and the least-square Pe plane defined by the four N4 atoms(N1, N3, N5, and N7) of the phthalocyanine core.
? The dihedral angle between the least-square Pc plane and the plane of the coordinated pyridine molecule.

¢ The interplanar distances of back-to-back fashion Pc dimer.

4 The slipped distances between the centroids of Pc plane defined by the four N4 atoms(N1, N3, N5, and N7) of the phthalocyanine core.

12 OFE G O packing X% . Figure 4-2 (2859, fEgaOBEME 1T, 2 20
Phthalocyanine £&{&72>5 720 . 2 -5 Phthalocyanine Bg[A 1%, AU M, Pyridine OEL
LTV ARWE R TrsnEL, 2 -5 Phthalocyanine Bilrl - fEifiIL, 8.376 A Th
72, 2 >® Phthalocyanine Bz [ FEEfE > & . Phthalocyanine Bg[F] 113, s iE N T,
TRAX X TICEDMAEEREZALTNDA I ERRBINT, £z, 2 2D
Phthalocyanine Bl +-i%, 2&ICIE, EAR->THE LT, 3.605 A 1Z L, BTN T,
b L CnD Z e LN o7,

T, ZOREREEICB VLT, WD L 7= Pyridine 4y 1-1%. Phenyl carboxyl & & k3
AR T 2721 T2 < B9 5 Phthalocyanine oD &2 & #a K-l A7 L 7= Pyridine
DT EDO-THAEER AL TWDL Z LW LML D | Pyridine 7013, MIELZE
L&, MmELRET D 2 LT LT, FFICREREFZA L TND 2 LAVRIE
ENb, £, B EHEE & L CE A S 7z Phenyl carboxyl %5 & B4 % Phthalocyanine
@ Phenyl carboxyl DB On—mfH EAEM bR S L, Z ORI, BEOr—rtHAAEN

N, BMECHERN LICRR, B ENTEZ LR EN D,
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Figure 4-2. Crystal packing diagrams of 12 viewed along the a axis. Hydrogen and
solvents atoms are omitted for clarity. (red: inter planar distance, green:
Zn-Zn distance).
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3.605 A

Figure 4-3. The slip distance of phthalocyanine rings in crystal structure of 12.

4-2.2. Interaction with pyridine
T A IE N T, Pyridine & BIMEZRAHBEAER 2 LT\ 5 Z LR S 8 o
Phenyl carboxyl ££3 A X 4172 Zn(11) Phthalocyanine (11) (25 L C. ¥&#EH T D Pyridine
EOMHEAEREZW LMNNCT D700, BhDAEEZITo7-,

Figure 4-4 \ZR &5 X 912, Pyridine-ds 1 CHIE S 1172 'H NMR A7 kL,
IDREEDE NS 7 VAR LTz, 11 1%, Pyridine-ds i Cl, 12 OFE kS TS 2
SN ffiE L A OBEE A LTV D Z EN TS, SEALE 721, WL 7z
Pyridine Fi3k > 71L&, Phthalocyanine Bt DEREIR AN R %517, 7 L 7= Pyridine 4>

FOTTFNETRHAEIZEHNDITT THD, L L7 b, Pyridine-ds i H T
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1%, B U 7= Pyridine 73 1O v 7 L LR B ALE IV T NEET DV TV,
B S 727> 7=, Phthalocyanine BR OBRETR OENIR A4 31T 72 Pyridine O 7 F /v & H
BB 5 723D, 11 D Acetone-dg 1%~ Pyridine O F % ££ 9 'HNMR 2~<2 kLoD
HIE %1772, Figure 4-4 (2, fEdHZ tHNMR 2227 b 7L BERNCHE T L=
Pyridine D% &4 & > T, 71y b INHEMBZ T, 1.0 F&ED Pyridine 212 &
Fi- L x| Pyridine B3RO L 7 L1E, 6 = 8.73(0-H). 8.30(p-H). 7.81(m-H) ppm & . i
Bt L 7= Pyridine BBk D> 7 L0 % | IRBEGEIRIC B S vz, Pyridinee O F &3
N3 21224 C, END DT 7L, mlEGEMl~E 7 L, 200 %&D Pyridine
N FEN5D &, Wk L7 Pyridine Dby 7 FERIUEETELZ, ZOMEIL.
T &7z Pyridine 1%, & # LD Phenyl carboxyl J& & BRI EMERA L, 13132 T
@ Phenyl carboxyl J& & Pyridine OIABEFISE AL S 721412, Zn ~DEhEZ 23 E © T
LI EDRBEINDMERE o7, Fio, WhEL L 7= Pyridine (ZH 2R3 % gkt o
BB S IR0 T2 2 L, RS LTV D Pyridine & iERE L CUV % Pyridine
D OZHEIER, NMR DX A DA —/L L0 ol iod Thd EBEZHND,

F 72 ERS I~ 7~ L7z Pyridine @ 7 v & 136 IRAIC , Acetone-dg IR T

§ = 7.52 ppm (28| & A1 7= Phthalocyanine B Da-H D> 7 ) 11X, Pyridine O F&23H
MBI T ARG~ E 7 b Uiz, ZOFEHI1E, Acetone-dg I54#E H T, 11 1%,

B4 % Phthalocyanine BR[R] L 2NT LB T 2 2 A E K L CE Y, Pyridine O
TENIEINT 51227, Pyridine QBB EL E#IL L FHAEANAE T, 26K
EE M L, BiEE9 5 Phthalocyanine Bt & O FREEAHEIN4 2 Z & ¢, Phthalocyanine

BR S B  % Phthalocyanine 587> 5521 D BREWDOFEEN D L2 Z L 2R LT 5,
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1 ~ a-H
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l l GI'H \ ; : 1A 24H
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Figure 4-4. '"H NMR spectrum of 11 in pyridine-ds. Inset : the titration curves by the
addition of pyridine into the acetone-ds solutions of 11.

4-2.3. Aggregation behavior

Pyridine THIE & 4172 11 @ UV-Vis A7 /L% Figure 4-5 2779, 11 O UV-Vis A
A7 MU, R T, 2B ETEE L TRy Phthalocyanine & [AEEZRTEIRZ A L,
681 nm |Z Q-band v — 7 Z/R7,

—J5C. Acetone 1 CHHlliE 417211 @ UV-Vis AX7 kL%  Figure 4-6 (Z-~ 7, Acetone
FCHE LN ALY FUVE, Soret #5 % Q-band (X & b2, Y u—R= 7L TEY, &
BERDTEDTRE S D D EDPyridine i 95 & .7 v— =027 L7c IR,
Bi< 20 | BEOHING FRHZBEIM v, Pyridine O #fifidiz <> Phenyl carboxyl J&~D#%

BANE, SEEOTER A B RANIH T2 Z L2l 61z L,
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Figure 4-5. UV-Vis (black line) and fluorescence (red line) spectra of 11 in pyridine.

1.2 7
. L A
1.0 —— in acetone + 40uL pyridine
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— in acetone + 20uL pyridine
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Figure 4-6. UV-Vis spectra of 11 in acetone upon the addition of pyridine.

4-3. Conclusion
8 1 @ Phenyl carboxyl £:D#E A X #17= ZnPc(3-COOH);  (11) #&k& L. 11 @ Pyridine

TR O FAEEIZ X > T, Pyridine 2300 B ~BAELNT U, B E I~ LR U721k
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E%¥ [ZnPc(3-COOH)s(Py)] « 8(Py)] (12) Z457=, 12 @ X #EREHEIEMT 21T, 11
DOHILEJE TH 5D Zn ~ Pyridine 238 L, & 51T, JELEHLEL TH 5 Phenyl carboxyl
F~t Pyridine 2NALEFN L7 EZBA S 20T Lz, 12 OFER T Ti. Pyridine 4> 113,
WEEZIRET 2 2 LIk LT, EFICRERERZA L TRV, A L7z Pyridine 47
1%, Phenyl carboxyl & & KFEFES 2T 57210 T <. B%E7 % Phthalocyanine @
JED E UL T & % Phenyl carboxyl ££<PHlBLNZ L 72 Pyridine 701 & On—rfHAA/EH A L
TWDZ ENahole, 12 OfEbIE, IEF MR ROl EAEH ORER, B
Ehi-etEZzohnb, £72. WEHTO, 11 & Pyridine D EA/EFICOWTIAE LZ &
Z A, Pyridine IZ, Zn R ~OHhEAL LV 4 Phenyl carboxyl %5 & OVEIEFD 2 BRI

JERR L. Pyridine | & 2 BECALOEIERNIE, 11 O G FB 2642 Z LR nho T,

References

[1] The Phthalocyanines, vols. I, Il, F. H. Moser, A. L. Thomas, CRC Press, Boca Raton, FL,
1983.

[2] The Porphyrin Handbook, vol. 19, ed. by K. M. Kadish and K. M. Smith, R. Guilard,
Academic Press, San Diego, 2003.

[3] K. Y. Law, Chem. Rev., 1993, 93, 449.

[4] The Phthalocyanines, Properties and Applications, vol. 4, ed. by C. C. Leznoff and A. B. P.
Lever, VCH, New York, 1996.

[5] W. Liu, T. J. Jensen, F. R. Fronczek, R. P. Hammer, K. M. Smith, and M. G. H. Vicente, J.
Med. Chem., 2005, 48, 1033.

[6] C. F. Choi, P. T. Tsang, J. D, Huang, E. Y. M. Chan, W.H. Ko, W. P. Fong, and D. K. P. Ng,
Chem. Commun., 2004, 2236-2237.

[7] L. Palatinus, G. Chapuis, J. Appl. Cryst., 2007, 40, 786.

[8] CrystalStructure Ver. 4.1: Crystal structure analysis package, Rigaku, Tokyo, Japan and
Rigaku/MSC (The Woodlands, TX, USA), 2014.

[9] G. M. Sheldrick, Acta Cryst., 2015, A71, 3.

[10] A. L. Spek, Acta Cryst., 2015, C71, 9.

[11] F.J. Yang, X. Fang, H. Y. Yu, and J. D. Wang, Acta Cryst., 2008, C64, m375.

102



AFEDOE LD

ABFZEClE, ITHRIMEIRIZ X % FF - 72 Phthalocyanine <° Subphthalocyanine £ & 1A,
Porphyrinoid % i U 7= 8 — B Z B Ao t8EAl & L ORHT 2282 HIE LT
W 21T o 72,

1 %D [JF A4 % Phthalocyanine D&k & PDT i& M| Tlx, 7K#ME Phthalocyanine
RO FRFEICHIIR 2 227 T LU F O KRB TOSEERDOT A A IS % 720
Phthalocyanine g ® 8 7 Ff D BALIZ N-methyl-(4-methylpyridinium-3-yloxy) &% G35 75
71 Phthalocyanine @ Ga $6{& & Zn S§RD A ZIT o7, T A M Ga gk L Zn
PEIARIZ. DMSO D772 57 /KR PBS LW\ o T ARSI HIAMENE L. Ga 854 Tit
PBS 11251 T, 6.0x10°M £ T, REKRDIEMAHERR SHLRM > 72,

Ga$fifk & Zn gL L B2, HOIRFIT LV "0, &5 4T 572, PDT DRG] &
L COMRET S Z LN PRI N2, human HEp2 AAEIZ %9 2 AR Bl BR o 5t 5L,
Zn RO BN, M FEEEZAELTCND I ERHLNE RS,
N-methyl-(4-methylpyridinium-3-yloxy) %% £ 9 % % 5 74 >4 Phthalocyanine @ Zn $&{& 1%
PDT O I&AI & LT, RN THRET 2 Z L2 IR TE o Ra R LT,

2 # @ [Subphthalocyanine 2 ERD G AL & —FHIEMER AR TlL, EREEEOE
UWNITTRAMEIR I Uy 24 L C V72V Subphthalocyanine & @ o _ ¥ VB IZ K - T
HEE LT 52 LT, ot R DI & 417 Subphthalocyanine dimer & J OF
Subphthalocyanine trimer % &% L 72, Subphthalocyanine dimer 35 X OF Subphthalocyanine
trimer (3, AHEIRBEDO I T2 T < MBIERBETH 5 MeOH <° DMSO (5 L T b Iafig
Pz R LT,

A% R DYLAR S 417 Subphthalocyanine dimer & Subphthalocyanine trimer W Iz 1%
ITARANEEIE & Ci# L 7=, Subphthalocyanine dimer & Subphthalocyanine trimer (%, toluene
H17213 T2 <. DMSO FIIZEB N T, HORREZ T T, "0, 2FET D 2 L BHERS
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AUA3. human HEp2 HERaIZ k7 2 MRRFrE O FRA O R, Pl ErEZ 0 T <, ot
MREIE DA L TWDRNZ ERW L LD | BLEFE T, PDT OJEHEHA & L TOIL
MIFEE LW &V S FERBG LT,

3ED [EFHEDOL THEEZ AT % Porphyrinoid AR D Gk & — EIERAHE R AR
T, SEHIRH O ARG T ORNRR DL 15 L LT, iR EIRO A2 v 72
TSNS EFTT S Z LICER L, RIS E AT DA ORHMTH D
B 7B EHT b8 E LT, —&EHiEB: porphyrin dimer, = #fEB porphyrin
dimer . ERJLIEAY phthalocyanine. corrole dimer D& k& 1T > 72, WL AT kL& HIE
LR B S NIZR TR DB 2 A+ 2L G R IMEI IR 2 A L,
70, WM OS2 W S FBRIGARICB N T =57 v b &7 % 300 ~ 450
nm TS RIUH &2 R 2 E R STz, L LS D, AREFFETIE. 7RI
BT 2UEEIT O Z LTk ot

toluene FIZFW T, BOETWRILTIEH 523, BRILFEA phthalocyanine % Fi< & C D1k
BT, HOIHNAES 0, DRAEZ RS L, KISHEEBRIEOEANIZ L > T, EF~0D
JOMDNFTRRIZ 22 4UE . O FRINBIR AR L7z PDT OFEBLLARETH D LWV R Dk
RERFT,

4 %D [Phenyl carboxyl £:03iE A Xiu7= Phthalocyanine D #Egbi&E DT Tix, X
T LRSS ARAT I L 7 ERE AR S D 2 & SN EEC & 2 KA Phthalocyanine o5 it
EOEY 2 BHIZHFZE 21TV, 8 fE > Phenyl carboxyl 2 A S 172 ZnPc(3-COOH)g

(11) ARk L. 11 @ Pyridine ¥R D Bk L2 & - T, Pyridine 23 4108 8 ~HRELAL L |
JE D B~ B IR L 72L& [ZnPc(3-COOH)s(Py)] * 8(Py)] (12) %#47=,

12 @O X Bt A IEIEAT 217\ ISy 1 Cd % Pyridine O H.04& )8 Zn ~D @iz &
JERNEHAIL TH D Phenyl carboxyl FE~OEEFIZ ] 52002 Lz, 12 OfEELH TiE,

Pyridine 73 7-1&, #EZIRET 2 Z LI LT, HEWICRERKBHZAL TR, IR
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(MR O AR Z A LT\ 5, Eiz, W CiE, Pyridine 1%, Zn iU~
OEIBIAL L Y B Phenyl carboxyl & & OFEIEFN 2 BRI L, Pyridine (2 L 2 #ilifd
MBI, 11 OSEFEH 25 2 Li3gnoT,

AHFFE A LT, [ URREREEZH L TWAEam TS, PLICHASh 4
JBA AR OB AT K DEEFRIEOEWIZ K - TR EEOF I EREL D
Z &R0, invitro ZREREETIE, 4372 10, DRAEREEH L TV AEAM TS, eliin R
BAREIRNT & bk S EIEIREE O JEEEA S O, DRI KL T R X — LD B
ERTFNF—FFFoTND L, T BBAELRNI E LW LNERY | PDT OYEHRK

RO FRETZAT ORI, SO LR LT =2 OBRIGIT O Z LN TE I,
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KR
RIE L KRR

ABFFETHEN L7e 3 T o & i, TR0 b 02 aiLHEd, TOEEMAL

Too TRTOEMERIL, NFFHE T TITo 72,

PIFIZ, EBRCERLUZEEZTEH LT,

(BB DOEBRITEN TR SN T DGOV TIE, T2 TR L T

P2

JLFSIMT : Yanako CHN CORDER MT-6

'HNMR A% kL : JEOL delta ECX-500 spectrometer
ESI-TOF-MS AZ~~7 k/L : Bruker microTOF
MALDI-TOF-MS %<~ k)L : bioMérieux VITEK® MS
R A~ kL : Shimadzu UV-3100 spectrometer

W A7 kL Shimadzu RF-5300PC spectrofluorometer
ks S B - % © Hamamatsu Photonics C9920-02
XAt S S AT Rigaku VariMax RAPID/a

ESRA~7Z /v : Bruker EMX Plus

LAY DRBT —F
AR THER LIALEWDIRIET — 2 Z U FIZE L DTz,

4,5-bis(4'-methylpyridin-3'-yloxy)phthalonitrile (3)

Anal. Calc. for CxH1i4N,O,: C; 70.17, H; 4.12, N; 16.37. Found: C; 69.93, H; 4.21, N;

16.08 %. HR-MS (ESI-TOF): Found 343.1190 m/z.[M + H]" (calcd. for C,0H14N4O, 343.1191).

'H NMR (CD.Cl,): & = 8.31 (s, 2H, Ar-H), 7.34(d, 2H, J = 8.4 Hz, Ar-H), 7.26 (d, 2H, J = 8.4

Hz, Ar-H), 7.23 (s, 2H, Ar-H), and 2.57 ppm (s, 6H, CHz).
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2,3,6,7,10,11,14,15-Octakis-[(4-methyl-3-pyridyloxy)phthalocyaninato] chloro gallium(lll)
(2GaCl)
Anal. Calc. for CgyHscClGaN;,0g » H,O : C, 64.37; H; 3.92, N; 15.01. Found: C; 64.67, H;
4.05, N; 14.86 %. MALDI-TOF : Found 1439.367 m/z.[M - CI]" (calcd. for CgHssGaN;50s
1439.371). UV-vis (DMSO): Ama(e/mol*dm®cm™) = 356 (8.0x10%), 370 (9.2x10%), 617
(4.2x10%), 655 (3.7x10% sh), and 685 nm (2.5x10°). *"H NMR (CD,Cl,): & = 8.70 (s, 8H, Pc
a-H), 8.62 (s, 8H, Py-H), 7.55 (d, J = 8.2 Hz, 8H, Py-H), 7.23(d, J = 8.4 Hz, 8H, Py-H), and

2.60 ppm (s, 24H, CH,).

2,3,6,7,10,11,14,15-Octakis-[(4-methyl-3-pyridyloxy)phthalocyaninato] zinc(l1) (2Zn)
Anal. Calc. for CgyHssN1s0gZn: C, 66.97, H; 3.93, N; 15.62. Found: C; 66.88, H; 4.06, N;
15.45 %. HR-MS (ESI-TOF): Found 1433.3774 m/z. [M + H]" (calcd. for CgHssNysOsZn
1433.3831). UV-vis (CHCls): Ama(e/mol*dm’cm™) = 359 (5.9x10%), 611 (2.3x10%), 647
(2.1x10%, sh), and 677 nm (1.3x10°). *H NMR (CDCl; + 10% Pyridine-d5): & = 8.75 (s, 8H,
Ar-H), 8.45 (s, 8H, Py-H), 7.40 (d, J = 8.3 Hz, 8H, Py-H), 7.06 (d, J = 8.4 Hz, 8H, Py-H), and

2.47 ppm (s, 24H, CH,).

2,3,6,7,10,11,14,15-Octakis-[N-methyl-(4-methylpyridinium-3-yloxy)phthalocyaninato]
chloro gallium(l11) iodide (1GaCl)
Anal. Calc. for CggHgoGaCllgNs0s: C; 40.49, H; 2.98, N; 8.27. Found: C; 39.65, H; 2.98, N;
8.27 %. UV-vis (H,0): Amax(e/mol*dm’em™) = 359 (8.5x10%), 612 (3.2x10%, 652 (3.2x10",
sh), and 679 nm (2.1x10%). '"H NMR (D,0): & = 9.37 (s, 8H, Pc a-H), 8.91 (br, 8H, Py-H),
8.40 (br, 8H, Py-H), 7.95 (s, 8H, Py-H), 4.19 ppm (s, 24H, Py-CHs) and 2.76 ppm (s, 24H,

Py-CHs).
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2,3,6,7,10,11,14,15-Octakis-[N-methyl-(4-methylpyridinium-3-yloxy)phthalocyaninato]
zinc(l1) iodide (1Zn)
Anal. Calc. for CggHgolgN1g0gZn * 3H,0: C; 40.27, H; 3.30, N; 8.54. Found: C; 40.24, H; 3.12,
N; 8.34 %. HR-MS (ESI-TOF): Found 729.0312 m/z.[M - 3I]3+ (calcd. for [CggHgolgN160gZn -
311* 729.0281). UV-vis (H,0): Amax(e/mol™dm®cm™) = 351 (7.1x10%), 607 (2.8x10%), 645
(3.0x10% sh), and 673 nm (1.8x10%). *H NMR (D,O): & = 8.45 (s, 8H, Ar-H), 7.94 (br, 8H,
Py-H), 7.77 (br, 8H, Py-H), 7.40 (s, 8H, Py-H), 4.10 ppm (s, 24H, m-CHj3) and 2.63 ppm (s,

24H, p-CHj,).

Subphthalocyanine monomer (4)
Anal. Calc. for CpHsBCI;Ng: C; 45.23, H; 0.95, N; 13.19. Found: C; 45.26, H; 0.63, N;
12.85 %. ESI-TOF : Found 678.9143 m/z. (calcd. for [M + 2H + CH;CN]* = 678.9143).
UV-vis (toluene) : Amax(e/mol™dm3cm™) = 314 (3.7 x 10, 530 (2.8 x 107), 555 (4.9 x 10",

sh) and 574 nm (1.0 x 10°).

Subphthalocyanine dimer (5)
Anal. Calc. for C,H10B,CligN1»: C; 47.65, H; 0.95, N; 15.88. Found: C; 47.38, H; 1.12, N;
15.49 %. MALDI-TOF : Found 1057.4 m/z. [M]" (calcd. for C4,H10B,Cl;oNy, 1057.8). UV-vis
(toluene): Amax(e/mol*dm®ecm™) = 327 (6.4 x 10%), 446 (1.6 x 10%), 598 (5.2 x 10", sh), 613
(7.1 x 10%, 648 (5.5x 10%), 677 (5.8 x 10%) and 709 nm (2.2 x 10%). '*H NMR (CDCly): & =

10.35 (s, 2H, benzo-H), 8.99 (s, 4H, a-H) and 8.91 ppm (s, 4H, a-H).

Subphthalocyanine trimer (6)

Anal. Calc. for CgH14B3Cli3Nyg: C; 48.69, H; 0.95, N; 17.03. Found: C; 48.42, H; 1.181, N;
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16.82 %. MALDI-TOF : Found 1479.4m/z. [M]" (calcd. for CgoH14B3ClisN;g 1479.8). UV-vis
(toluene): Amax(e/mol*dm®cm™) = 329 (8.6 x 107, 602 (5.5 x 10%), 647 (5.3 x 10%), 673 (7.8
x 10%), 710 (6.4 x 10%), 736 (4.6 x 10%), and 777 nm (1.7 x 10°). *H NMR (CDCls): & = 10.35

(s, 2H, benzo-H), 10.26 (s, 2H, benzo-H), and 8.93 ppm (m, 10H, a-H).

Double linked porphyrin dimer (7)
UV-vis (toluene): Amax(e/mol*dm3cm™) = 417 (6.2 x 10%), 551 (3.5 x 10%), 778 (2.4 x 10,
and 962 nm (1.9 x 10°). *H NMR (CDCls): & = 9.82 (s, 2H, meso-H), 9.60 (s, 2H, pyrrole-H),
9.43 (s, 2H, pyrrole-H), 8.97 (s, 4H, pyrrole-H), 8.83 - 8.75 (m, 6H, pyrrole-H), 8.21 (s, 4H,
phenyl-H), 8.01 (s, 4H, phenyl-H), 7.86 (s, 2H, phenyl-H), 7.82 (s, 2H, phenyl-H), 1.64 (s,

36H, methyl-H), and 1.60 ppm (s, 36H, methyl-H).

Triple linked porphyrin dimer (8)
UV-vis (toluene): Amax(e/mol*dm’cm™) = 421 (1.2 x 10°), 586 (9.9 x 10%), 930 (1.5 x 10%),
and 1060 nm (2.7 x 10%). '"H NMR (CDCls): & = 7.74 (d, J = 4.6 Hz, 4H, pyrrole-H), 7.70 (d, J
= 4.6 Hz, 4H, pyrrole-H), 7,67 (s, 8H, phenyl-H), 7.63 (s, 4H, phenyl-H), 7.61 (s, 4H,
phenyl-H), 7.58 (s, 2H, phenyl-H), 7.35 (s, 4H, pyrrole-H), 1.45 (s, 72H, methyl-H), and 1.41

ppm (s, 36H, methyl-H).

Expanded phthalocyanine (9)
ESI-TOF : Found 1778.4466 m/z.[M]" (calcd. for [CggHgoN1,0:0M0,]" 1778.4260). UV-vis
(toluene): Amax(e/mol™dm3cm™) = 400 (4.9 x 10%), 454 (4.0 x 10%), 940 (6.3 x 10%), 1025 (3.3
x 10%), and 1161 nm (1.6 x 10%). *H NMR (CDCl;): & = 8.85 (s, 4H, a-H), 8.42 (s, 4H, a-H),

7.41 —7.50 (m, 24H, benzo-H), and 2.49 ppm (s, 48H, methyl-H).
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Corrole dimer (10)
ESI-TOF : Found 1587.1055 m/z.[M]" (calcd. for [C;4H1sNgF3]® 1587.1092). UV-vis
(toluene): Amax(e/mol™*dmicm™) = 399 (8.8 x 10%), 479 (5.5 x 10%, and 727 nm (1.1 x 10°).
IH NMR (CD.Cl,): & = 9.02 (s, 4H, phenyl-H), 8.71 (d, J = 4.6 Hz, 4H, pyrrole-H), 8.52 (d, J

= 4.6 Hz, 4H, pyrrole-H), and -1.15 ppm (br, 6H, inner NH-H).

ZnPc(3-COOH)g (11)

Anal. for 11. Calcd. for CggHagNgO24Zn: C, 63.41; H, 2.90; N, 6.72%. Found: C, 62.95; H, 3.36;
N, 6.40 %. MALDI-TOF-Mass : Calcd. for [CgsHusNgO22Zn]" : 1664.21 m/z. Found: 1664.19
m/z. '"H NMR (pyridine-d5): & = 7.48 (5°-H, 8H, t), 7.56 (4’-H, 8H, m), 8.20 (6’-H, 8H, d), 8.40
(2°-H, 8H, s), and 9.49 (a-H, 8H, s) ppm. UV-vis (pyridine) : Amax (¢/10° Mem™) = 364 (1.0),

613 (0.5), 652 (0.4, sh), and 681(2.8) nm.

EEREE
- 10, 1T & D EIRAI S T DERLA RS DR B TFINE (DA o) PHEH
AFFIE TAT DT IEHIEA ~ D SIS % £ o THA L7210, £ 23 A1 50 1 D
B3 RSO Dt B F- UL R (DA apsonee) D FE T L FDOHIEIHE - THT o 72, T
IR DAERL &\ o T BRTHERE O, SRR 72 £ OA spsonne D FHITBI D 2 42T OHAE
XRESR: T CiThivz, B 7 VIR, 2.0 x 10 ° M IZFHEE S U7 B EEITATR 1.5
mL & EHRANT ) L CL0f512H7252.0 x 10 ° M IZFHEE S 720, H A4y 114
i 15mL ORAEREER LTz, % 7R~ O KOS, Xe KIH (Asahi
Spectra, MAX-300) 225 D Y& 32 K/SA 7 ¢ L4 (Asahi Spectra, MX0570, MX0670,
MX0700, MX0770, MX0860) %M L T, SALEW ORI T 5HIG S W7z Bt 2 fi

AL 7%=, '0,o i # A & L T . 13-Diphenylisobenzofuran (DPBF) &
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9,10-Antracenediyl-bis(methylene) dimalonoic acid (ADMA) %/ L7, DPBF®D 43 fi# T
(3410 nm, ADMA®D 3% T 13380 nmOWSEE DIFEZ b L— A L, WL O i
AR LTz, "00lT & 2 HR A1 50 1 DAL 53 i SO Dt B 1IN (DA apsone) D FLHHIE,

(1) XEHNTITo7=,

oA _ (MRLERESTOHTE)
absolute = (R L 7= 750

(1)

R TR 50 1 D50 T80T W E ORI AR OME & DN ERREZ A L T 5 XH O
TEHSHEB Uz, £/, WL r5ax. 2 b EH sz,

N AEA
IR L7738 = e (2)
AE X, WEHEAINPOE L7z = x v ¥ — T, tEE L — (ADCMT, 82311B) 73
L7t EEr (ADCMT, 8230E) (T & o THIE S V- URE & Bt Ot & EN S

RHR L7, A3, B LMK, hid, 77 7@ ¢ 13 Stz

- MR BRI OWT

HERE SR TR SN 7o B HIOREE, ML, X Tlilkom A Lz, FEBREiD
AU & LT, Dulbecco's modified Eagle medium (DMEM) &, 10% @ fetal bovine
serum (FBS) & 1% @ penicillin-streptomycin % &% Minimum essential media (MEM)
DA 50 : 5012 L7 85 HIN C, HEp2/lifia & 153 L7=, 1% ¢ Cremophor EL % & e

DMSOZ fAWT. 32mM DEHEAIDMSOATE 2 VERL L T-.,
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RE TR D B E

32 mM D] DMSO iE £ HF 3811 L » TR L, 0, 3.125, 6.25, 12.5, 25, 50,
100, 200 pM D FEHEIEANA R 2 VERL L 72, HEp2 #i % 96 well plate [2f L, 48 M,
R ST, BIREOCHEEAIRIE 100 L 2 En Nz, 37 °C T 24 B, FHE
L. JEHFA 2 HEp2 AIARICER VA £ 7=, 24 BRGE %, I, HRKE R BRE,
PBS IZ L > T, REIZ2EEEA 2B L7z, 20% @ CellTiter Blue % & Lot &k % 5-
A4 RHH DOFEHR 24T o Ttk MR O AE AR 2 IE L7z, Mfa o 447313, BMG FLUOstar

OPTIMA microplate reader % FV T, 615 nm OEEIRE N G FHE S iz,

St DRIE

e EEE O JE T I FT T L O RIE OBRIC/ERL L 72 0, 3.125, 6.25, 12.5, 25, 50,
100 uM D IEHERAITRHE A A Uz, ISPl gt O JIE & [RAER O FNE T, HEp2 Al
0 - 100 uM D JEARAIVAIL 2 N 2. C, JEHARAI D HEp2 Ml ~D L iAFA & 4T > 1=, £
FTIROBRE, PBSIZ L D O%, MIICHIRE 258 I A N 2., 1.5 dem® O feA 5
5600 WDT F—H o TRAT a7 7 (Newport Corporation) D EIZ 20 47
M. L7z, e L CWDHE, Mlao A7z plate (%, Echotherm ICs, chilling/heating
plate  (Torrey Pines Scientific) Z £/ LT, =ik L F CIREEZRO L > MmEAIS LT,
DRSO, Mz 24 FifE], 55 L. BREZ I BrE ., 20% O CellTiter Blue # & e
BRI x 5 % AR OEEEZIT oo, MROAEFRIT, REETaEEORIERE & [FIER

12, 615 nm OEHELRIZ L - TRE ST,

MR/ NERE ~D BT DFE
HEp2 A/l % 35 mm o tissue culture dish (28 L. 24 BifE], pE&E7-%. 10 yM @

JEHERAIAURIZ . 6 BF[A], BR3, Tk, M/ E G eAlz A iz, Jett S izl
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DX, DAPI, GFP, Texas Red filter cubes (Chroma Technologies) & Leica DM6B
microscope (Leica) ZfH L T, ¥ E21T-7, MI/NEEYRAAFE LT, 50 nM @
LysoSensor Green, 250 nM @ MitoTracker Green, 100 nM @ ER Tracker Blue/White, 1 uM

¢ BODIPY FL C5 Ceramide #fiif] L7z,
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