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Tetra-(acetyl piperazine phenoxy) Phthalocyaninato Zinc Complexes and
Their Proteins Conjugates: Synthesis, Characterisation and Photodynamic Activities

HUANG Jian-Dong™!' LIU Feng-Ran' CHEN Yan-Mei' SUN Jian-Cheng®> JIANG Zhou'
('College of Chemisiry and Chemical Engineering, Fuzhou University, Fuzhou 350002)
(*Department of pharmacology, Fujian Medical University, Fuzhou 35004)

Abstract: Two zinc phthalocyanines, tetra-a-[4-(4-acetyl piperazine) phenoxy]| phthalocyaninato zinc (CgH7Nig
0¢Zn) (1) and tetra-B-[4-(4-acetyl piperazine) phenoxy| phthalocyaninato zine (CgH,,NOgZn) (2), have been syn-
thesised and characterised with "H NMR, MS, IR and elemental analysis. The electronic absorption spectra of two
complexes in common organic solvents (V,N-dimethyl formamide, tetrahydrofuran, n-octanol) were typical for non-
aggregated phthalocyanines, showing a Q band at 693~698 nm for 1 and 681~682 nm for 2. This indicates that
the Q band of zinc phthalocyanine with the substituted groups located in the « position is largely red shifted than
that in the B position. The spectral features of complexes 1 and 2 in aqueous media suggest the a-substituted
groups are more effective than B-substituted groups to hinder the aggregation of phthalocyanine molecule. The in-
teractions between two complexes with serum albumin and transferrin (BSA, HSA and apoTf) were investigated by
absorption and fluorescence spectroscopy. The binding constants were found to be (1~20) x 10° mol™-L. By com-
parison, B-substituted 2 had stronger combining ability with albumin than that of a-substituted 1. The non-cova-
lent conjugates (1-BSA, 2-BSA, 1-HSA, 1-apoTf and 1-FeTf) with the molar ratio of about 1:1 have also been
prepared. The photodynamic activities of two complexes and their bioconjugates against MCF-7 mammary tumor
cells were examined. The result shows that the photocytotoxicities of conjugates are higher than that of complexes
1~2 and follows the order 1-BSA > 1-FeTf > 1-HSA, 1-apoTf > 2-BSA > 1 > 2.
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Wk A #1:2005-08-29,, W ds st B 497 :2005-12-21,

[H K [ SRRk 42 (No.20201005) A HE A H SR BR2 3 42 (No.CO410005) A1 i 45 24 11 T 20 0% B -3 (4 9= Bhasi H
IR R N E-mail :jdhuang@fzu.edu.cn

HAEH B, B 36 5 RITFIE B BRSE7 1) IR G & W 5 A



- 436 - PR/ R (A 522 %

Bl A e — R EEN IR A, AZ)
TET P9 L FH I S5 AME S A, e AR S P e GRI
W9 — B AZ B AN )2 g, s g1
SRR R T A ) A R e e ge e A 1A
¥ O BEWR R oK A LB A BB B 3R, MRET 2
AR LR TE W BC AP, B o- DU (4-(4- 20 T TR R ) 2 4R
FEYVBETE B (1) A1 B-DU (4-(4- £ o R W8 ) % 4 3k ) 15K 5 47
(2), 45 W 1, [ PR T R SR EA
I R B R AR B 4 T AL E A, 9T
H iR T HEAORsh it AR A MR A
MR A E a3, O 2L A s A 2%
Y[ 95 20 i LA A2 AR F i BE R R PR TR R B
1715 B RE IC A 40 AR EL A FRVRIF 5 %o 1 ) 2 EL A 4

B R B RAH SC P IFFE I8 A £ LS
1 SLIGER4

S 2E 5k 7

2 [# Varian 23 A (1) Unity500 7% i 4 P 335 1%
(500 MHz, TMS 4 N #5); 78 [ ELEMENT 2% & 9
Vario EL [ TTE /3 #H11X; 3 [ Pekin Elmer 2\ 7] (1)
Spectrum 2000 % FTIR Y6154 (R A KBr JE Fi%);
2% [ Pekin Elmer 2 7] i) Lambda 900 7 %8 4p 1] I,
6T, BEE Edingburgh 2 7 A9 FLY00/FS920
R 5B YOI 7 [ Finnigan 2 W LCQ
Decaxp Max Jii 4% ; 3¢ [ Waters 24 7] HPLC R 4t
(1525 —JGHE ,2996 M B &AM nT WLAS I #%)

li) D RE A IR -2 B A RO RGN R B2 S X,

I N
TN Q)
k,N \ \C,o
@ N uc
o |
o
N
CHi(._n \J

E 1 EAY 1A 2 BEs R R

Fig.1 Structure of complexes 1 and 2
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mmol) 3-AHFELBAE —H G 1.38 ¢ (10 mmol) JE7K
K,CO, JIA#] 20 mL DMSO 1, % i 5 FF 5 h(Gl &
SARYY) . B RO E] 100 mL koK g (H
KRR, AP -HEIRGE R ELS N, B5T
M AR Rk E AREA, 7N 91%., KRN 178.6~
179.3 °C, IR (KBr,cm™):3076,2820,729,2237,1 643,
1514,1449,1273,1239,1 165, MS(ESI,m/z):347
[M+1]*, "H NMR(CDCl;,500 MHz,ppm) §:7.55(t, 1H,
H-2),7.43 (d,1H,H-1),7.04 (m,5H,H-3 H-4 H-5),
3.66~3.80(d (br),4H,H-6),3.21~3.17(d(br) ,4H ,H-7),
2.16(s,3H,CH,),, TCE AT F% CyH N0, BT
(%):C (69.35),H (5.24),N (16.17); £ ¥ {8 (% ):C
(69.39),H (5.50),N (15.75),
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FVEBIE G, TR T9%., KN 161.2~161.8
°C. IR KBr,em™):3028,2843,726,2232,1643,1514,
1485,1307,1239,1 157, MS(ESI,m/z):347[M+1]*,
'H NMR (CDCl;,500 MHz,ppm) 8:7.70(d,1H,H-1),
7.22(d,2H,H-2,H-3),7.01(s(br),4H,H-4, H-5),3.82-
3.67(d(br),4H ,H-6),3.22-3.18(d(br),4H ,H-7),2.16(s,
3H,CHs), JCE 7317 : 4% CyHgN,0, B35 1H (%) - C
(69.35),H (5.24),N (16.17); L % {8 (%) : C (69.30),H
(5.43),N (15.82),,
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# 0.693 g (2 mmol)3-(4-(4- 2 BE VR W) 7K 4 ) 4P
ZKHE 037 g (2 mmol) Jo/KESFEREEF 0.4 mL Ay
DBU Jin AF] 20 mL iF SCEE  AE AR T 1
N 8 ho VR ZE IR R LV, B BRI, DMF 37, Al
FH R I J2 AT A 4l Ak (DMF A PR B8 7410 , Wi 5 TR 4 5. 20

T, 723K 26% ., i =4k HPLC ¥ # P= Wyl | (5
W% 45 : Nova-park®C g B35 4E (3.9 mm ID x 150 mm
Long, Waters 28 H), Jii sl #H°4 DMF 1 H,O , 16 & 2 .
0~30 min, f1 40% H,0 ZPEAE 4Lk 100% DMF ;30~
35 min, 100% DMF;Ji 54 1 mL-min™; #i# 8 30+
2 °C; K& K 4 300~800 nm, IR (KBr,cm™): 1634,
1505,1481,1333,1228,1116,1080, MS(ESI, m/z):
1451.5[M+1]*, 'H NMR(DMSO-ds, 500 MHz, ppm) &
8.66 (d,4H,H (-Pc),7.99 (d,8H,H (-Pc),7.29 ~7.40 (t,
8H,H-Ar ortho C-0),7.08 (s,8H,H-Ar ortho C-N),
3.53~3.50(d (br), 16H,CH,-N-Ar),3.03~2.75 (m, 16H,
CH,-N-C=0),2.01~1.98(m, 12H,-CH,), JCE /T . 4%
CaoHsN 10 Zn (1 -3H,0) 51 (%):C (63.85),H
(5.22),N (14.89); 5% 55 fH (%) :C (64.01),H (5.23),N
(14.76),,
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Scheme 1 Preparation of complexes 1 and 2
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Fig.2 3D-HPLC chromatograms of 1(a) and 2(b)
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Table 1 Electronic absorption and emission Data for complexs 1~2 in DMF
Complex Xy / nm at Q band o / (mol+Lcm™) Aot / nm b
1 698 248 x 10° 703 0.03
2 681 2.46 x 10° 689 0.11

* Exited at 620 nm for 1, 610 nm for 2.

b Using unsubstituted Zinc(Il) phthalocyanine in DMF as the reference (=0.28)".
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Fig.3 Absorption spectra of 1 (3.5 pmol-L") and 2 (2.33
pmol - L") in DMF
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WA 4 i, 1.2 78 100% £ AR 52 B
PR B G RRAE | T TE 60% (1 FR 23 %0) 2, s 7K 1 Wi
W1 R AR R R BARARAE 2 MO TE R A T

0.4 /I in [00% EtOIT

1in 60% FOH

=
L
1

2 in 100% TrOIT

Absorbanee
=
1§

2 in 60% E1OH,

‘j*”
300 400 S00 600 700 800
Wavelength / nm

=

=
=

K4 BEAY 1M 2.5 pmol- LY 100% EtOH Al
60% EtOH/H,0 W O
Fig.4 Absorption spectra of 1.5 pmol-L™ of 1 and 2 in
100% EtOH or 60% EtOH/H,0
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Fig.5 Absorption spectra of 1 (a) and 2 (b) in a Tris-HCI buffer upon titration with BSA
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Fig.6  Change in fluorescence spectrum of (a) BSA (2 pwmol-L™) and (b) apoTf (2 pmol-L™) in a Tris-HCI

buffer upon titration with 1 (excited at 280 nm)

BRT o LR 1, ®2 BANSEARBEGHNSH
06 Table 2 Parameters of complexes binding to proteins
0.4 ) Phthalo-  Bind constants K/ Binding  Correlation
02 Proein @ nine (10° mol+1) sites  coefficient (7)
g _gg: BSA 1 1.92 1.06 0.994 6
L‘r 04] BSA 2 19.8 1.18 0.995 5
E -0.6 HSA 1 4.82 1.12 0.994 6
= 08 HSA 2 9.10 1.16 0.991 8
12 apoTf 1 0.98 1.01 0.991 1
14 . apoTf 2 0.89 097 0.986 7
62 -60 -58 -56 -54 52 -50 -48 -46
o LA R 1] 2 JESCHRISO 07 vk | 3 o 3L 7 5 e
17 REETI LK BSA SO SUATEE T2 A, M A R AR RIS
Fig.7 Double logarithmic regression curve of BSA Tk TR R AW E%%(E% ST TR A W)
fluorescence quenching caused by complex 1 WA E ﬁ)%ﬂiﬁéﬁ@ﬁ?%m%ﬁﬂé% AT
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ARINEIER, X — fURAE RGBS i b 75 248 1
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Aot LS R B 8 Fin 2 SR A R
XA R GER, B 1 B BoR T 20 9% 40 i '
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