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Abstract: The synthesis and characterizations of eight metal phthalocyanines containing piperazine (SPEO),PcM,
where M=Zn, Ni, Co or Cu, SPEO=2-[4-(2-sulfonic ethyl) piperazine-1-yl| ethyoxyl were studied. The UV-Vis
absorption spectra, fluorescence emission spectra and capacity of singlet oxygen yield with DPBF as capturer
were examined. The results show that all complexes possess very high molar extinction coefficient, fluorescence
quantum yield, rate of singlet oxygen yield. Zinc phthalocyanine complex B-(SPEO),PcZn possesses the best
photoinhibition through photodynamic inhibition of BEL7402 liver cancer cells, 82% cancer cells are inhibited
after it is irradiated by 1.2 J photo dosage of 670 nm red-light laser when the concentration of 8-(SPEO),PcZn
with 10 wmol - L™ is used.
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1.1 ERFNIKH

AN AT DL (UV-Vis) IS 1 I 22 . Lambda 800
UV-Vis Spectrometer, Perkin Elmer Instru-ments,

WK F G B E . FL/FS920 PCSPC Steady
and Lifetime Spectrometer and Spectrofluorimeter,

ZLAM6TE (FTIR) 905 ; Spectrum 2000 FTIR
Spectrometer , Perkin Elmer,

J5T 3% (MS) B9l 72 ; Finnigan LCQ Deca XP Max,
Thermo Electron Corporation,

JLE T (Elem. Anal.) Bl %E . Vario EL 1,

Elementar German,

S v R B R BR LU ZCX- T2 AE 2 2 A
REME (DAL TAHBRAR) L,8-Z A A
[5,4,0] 1 — & -7(DBU, Aldrich 2\ wl) 1,3- % 3
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EL, Sigma)#h , FA 100 Az R 40 B v B 24 42 A
AR A ], R R R 4 0 T B A A Al
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PRI 182 mg(0.5 mmol)HT 4K K S, & T 100 ml.
SRR BR b B — DR — D ERE
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R BHE, NI 90 oCf Hi AK ARV g, ¥ A
ATCKBEBR B 30 mg (>0.13 mmol), /i1 0.20 mL
DBU, # i 150+5 °C, A E 5 6~8 h, 2 &) 5%
FENR IR E e, 45 5 AR 4 4o 1 [ A4 5,
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KB W OERA DMF J5, P¥F 110 CTF HZS
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Fig.1  Synthetic approach of (SPEO),PcM
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Table 1 Preparation of (SPEO),PcM
Tag Complex Precursor Metal salt Eluant 1 (V/V) Eluant 2 (V/V) Yield / %
3a a-(SPEO),PcZn S (CH;C00)»Zn DMF:CH,OH=1:1 Ethyl acetate 28.1
4a B-(SPEO),PcZn T (CH;CO0),Zn DMF:Acetone=1:1 THF:Benzene=1:10 27.2
3b a-(SPEO),PcNi S NiCl, DMF:CH,OH=1:1 Ethanol:CH,Cl,=10:1 242
4b B-(SPEO),PcNi T NiCl, DMF:Acetone=1:1 Acetone:CH;OH=5:1 23.5
3c a-(SPEO),PcCo S CoCl, DMF:C,Hs;OH=2:1 CH;0H:CH,Cl,=1:5 27.6
4c B-(SPEO),PcCo T CoCl, DMF:THF=1:1 CeHsCH3THF=5:1 25.3
3d a-(SPEO),PcCu S CuCl DMF:CH;0H=1:1 Acetone:CH,0H=15:1 324
4d B-(SPEO),PcCu T CuCl DMF:THF=1:2 CH;0H:CH,Cl,=1:1 345
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[Fi) e A A WO B A X HOMR B ¢ PERIR A5 4k
PEX R MRS RIS EEJRIEOE 28 (e).
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Table 2 FTIR spectra data of (SPEO),PcM (cm™)

Complex Pe-H Pc skeleton CH-H Ar-0-C C-N M-N
3a 2927 1 596 1 470 1255,1017 1095 740
4a 2 926 1 607 1 467 1262, 1 046 1092 747
3b 2924 1 607 1479 1260, 1 014 1092 740
4b 2932 1 606 1 467 1271, 1 036 1105 746
3c 2928 1622 1 486 1279,/ 1093 754
4c 2927 1591 1478 1245, 1013 1 087 749
3d 2 933 1 603 1473 1267, 1037 1092 742
4d 2 935 1 605 1473 1251,/ 1 094 748

#3 (SPEO)PcM WIRIGHTEDTER
Table 3 Mass spectra and element analysis of (SPEO),PcM
Complex MS N/ % C/% H/ %
Found / Caled. Found / Caled. Found / Caled.

3a 1524(IM+HT") 13.95/14.71 48.62/50.47 5.58/5.29
4a 1524(IM+HT") 13.45/14.71 48.98/50.47 5.65/5.29
3b 1518(M+2H]) 13.99/14.78 48.36/50.69 5.78/5.32
4b 1516(IM]") 14.12/14.78 48.29/50.69 5.65/5.32
3c 1517(IM]) 13.66/14.78 48.72/50.68 5.54/5.32
4c 1519(IM+2H]) 13.74/14.78 48.87/50.68 5.42/5.32
3d 1522(IM+H]") 13.56/14.73 49.12/50.53 5.45/5.30
4d 1521(IM]") 13.49/14.73 48.95/50.53 5.47/5.30
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A, R A L BRAT Y 3 9 2 U B 4% e 4 ey AR AN [R] AT
DAB A . Q 2 IR o HL -1 @y, (m7)-e (%) BR AL TE
B T B A B ay,(77)-e (%) 1 by, (17)-e (7r%) BRI

R, T QA A FE AT WOt Bl N, JfF B
5 A WA WA Y P 2R T G &R BGE 10° L+ (mol - em)
1M B 7 WA 78 28 AR S L, PRI A POk 4 i e 5
Py SE bR g Y, AT 2 0G0 i 2 L Q Al ik
J, 4 PDT Hf, FAEDEHGH N AE 600~800 nm #1
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Table 4 UV-Vis absorption spectra data of (SPEO),PcM

Complex 3a 3b 3c 3d 4a 4b 4c 4d
Central ion of complexes Zn* Ni* Co* Cu* Zn* Ni* Co* Cu*
Q-band absorption / nm 718 716 714 715 687 683 681 685
8y [x10° L+ (em-mol)™] 1.46 1.32 1.59 1.57 0.80 1.12 0.93 1.23
B-band absorption / nm 386 376 375 379 352 349 354 352
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T 3a.3b.3c.3d 7E 610 nm &b (Y W1 55
PEICICTE I A 25 A 22 K, DRI S o P e R
640 nm 1 610 nm 73 5IAE K a-n F -7 ALK 75
& & FL A W B 5 & B I 5 R B S
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Table 5 Fluorescence properties of (SPEO),PcM
Complex 3a 3b 3c 3d 4a 4b 4c 4d
Maximum A, / nm 718 716 714 715 687 683 681 685
Maximum Ag, / nm 725 — — — 692 694 690 688
Stokes’ shift / nm 9 — — — 5 11 9 3
Dy 0.08 =0 =0 =0 0.18 0.04 0.01 0.01
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Table 6 Ratio of singlet oxygen yield of (SPEO),PcM by photosensitivity

Complex 3a 3b 3c 3d 4a 4b 4c 4d
Central ion In* Ni* Co** Cu* 7In* Ni2 Co** Cu*
k / min™ 2.8 0.40 0.26 0.39 1.0 0.45 0.37 0.42

2.5 (SPEO),PcM X BT 48 Al i 3 1 & 15 F
(SPEO),PcM J ZnPc XF BEL7402 JiT 4 41 i 11
HEIIENE M S5 R W3 7, WL RFE 4a 1)
JEIIE VRS U 10 wmol - L' B, A1 670 nm
WOCH I, SERIE 1.2 ], X5 6 4 A 0 40 i 8wl
ik 82% ., MFEH L nl LA i, 3a 1 4a X} BEL7402
JHF 98 40 7 DG BRI VR T A T A 5 4, X

AR 5 R T S B BT A B B B B B AR R
P G A R S5 R AR — B 5 H AT — oA Y
PR JOLHOA AL PDT B9 AR FHALH] o 1T 2 AL ] AR
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Y,
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Table 7 Inhibition ratio of BEL 7402 liver cancer cell of (SPEO),PcM

Inhibition ratio / %

Complex
0.1 pmol - L™ 0.5 pmol-L! 1 pmol-L™ 5 pmol - L 10 pmol - L™
ZnPc 11 27 53 80 88
3a 38 49 53 62 69
4a 35 45 49 68 82
3b 3 7 14 4 7
4b 17 14 12 4 7
3c 2 2 6 4 29
4c 24 26 40 36 47
3d 31 18 41 21 19
4d 6 5 12 46 60
2 SUHE ¥2). Photographic Sci. and Photochem.(Ganguang Kexue Yu
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