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B A Frétchet Bit MM E BAE 5B S4: M-{3,5-—-[3,5-—-(4-#%
EXRSFE)FHESE-TRERE)HMIH()NERE R

Famie® skt BB KEH

(CARARITR R A 2 SRR AR R PRI SIS 45 350007)
ARG R O iR SRR B M S S R M 350007)
CHEITRAA T 2B ETT 361005)

FEE OE T —FoF 4 Frétchet BRI BEFHF EFAD AL A9 1H-(3, 5-*-[3 5= -(4-FR IR A ) 2R R AU R )R e
FV BT READ M A RS R AE. E AR R ETIR Y 3,5- RIS RSB Frétchet WA K 3,5-[ -(4-TRFE A H AR IE)]
2R (L), 155 YR A bRl — 2R LI 7E U S0 v SR B 3,5- (4= R FRAEL ) R IR(2), 2 45 3,5- R 08 A S Y
AR 3,5-2-[3,5-= -(4-%(EZISEF'$&E)2!KE?H$LFE]ZKEF'@?(3) A, 35 A-RAEAOR WS A “RTIR” TU-{3,5-[ —-(4-
SR A0 2R AU EAR TR G (4), ARG LU 1,8- R XK [5.4.01 1 Bk-7-J5(DBU) N AL 5, 5 B2 BE 4 BEAR 37,
¥ BliBuE YT /\ﬂﬁ%iﬂﬁ%aﬁ Frétchet B £ e A4 B IR 35 82 U - {3,5- - [3,5- (4~ 2R F A 2 2R AR )R R 4L )
BEBKEIC AW S, Befa, 5 ML A7 NaOH ¥ P 7K i A AH B 1) DR FE i 3 Frétchet BAS FCAAR UGB 2 IY-(3,5-
[3,5--(4- %&EZIKEF'*@Q)ZKEFH:L%] I BRE LD (6). XML, IR, 'H NMR, ESI-MS fil MALDI-
TOF-MS FAEFTAWADRIEE ), i UV/Vis, FRSFIBESSOGGRNETIA T 5 F 6 MG BLER. 5 F 6 &K kre
B IR R IR R 75 6 o).
KA PU-{3,5--[3,5- -(4-FRFE R A B0 8 4 6 )2k FRAAU R K BE (D), A ;. 3RAIE; Frétchet ML

Synthesis and Characterization of a Novel Frétchet Dendritic
Phthalocyanine Zinc(ll): Tetra-{3,5-di-[3,5-di-(4-carboxylic
benzyloxy)benzyloxy]benzyloxy} Phthalocyanine Zinc(ll)

He, Dandan” Zhang, Hong™* Peng, Yiru™®* Ma, Dongdong" Wang, Yuhua’

Yang, Hongqin” Chen, Wanlin“ Zhang, Tiantian"
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Abstract A novel Frétchet structural dendritic substituted photosensitizer, tetra-{3,5-di-[3,5-di-(4-carboxylic benzyloxy)-
benzyloxy]benzyloxy} phthalocyanine zinc(Il) (6), was synthesized by the following steps. Firstly, 3,5-di-(4-cyanobenzyloxy)
benzyl alcohol (1) was obtained by reaction of 3,5-di-hydroxybenzyl alcohol with p-cyanobenzylbromide. Then,
3,5-di-(4-cyanobenzyloxy) benzyl bromide (2) was synthesized by the reaction of 1 with carbon tetrabromide in the presence
of triphenylphosphine and tetrahydrofuran. Following, 2 reacted with 3,5-di-hydroxybenzyl alcohol to afford 3,5-di-[3,5-di-(4-
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cyanobenzyloxy)benzyloxy] benzyl alcohol (3). The fragment 4-{3,5-di-[3,5-di-(4-cyanobenzyloxy)benzyloxy]} phthalonitrile

(4) was obtained by reaction of 3 with 4-nitrophthalonitrile. Tetra-{3,5-di-[3,5-di-(4-cyanobenzyloxy)benzyloxy]benzyloxy}

phthalocyanine zinc(II) (5) was obtained by condensation of 4 with acetate zinc and 1,8-diazabicyclo[5.4.0Jundec-7-ene

(DBU) in n-pentanol. The tetra-{3,5-di-[3,5-di-(4-carboxylic benzyloxy)benzyloxy]|benzyloxy} phthalocyanine zinc(Il) (6)

was obtained by hydrolyzed 5 in NaOH. The structures of above compounds were characterized by a combination of methods
including elemental analysis, '"H NMR, IR, ESI-MS and MALDI-TOF-MS. The photophysical properties of 5 and 6 were
studied by UV/Vis, steady state and transient fluorescence spectrometry. The compound 6 is a kind of good performance of

dendritic photosensitizer.

Keywords tetra-{3,5-di-[3,5-di-(4-carboxylicbenzyloxy)benzyloxy]benzyloxy} phthalocyanine zinc(Il); synthesis; chara-

cterization; Frétchet dendritic

Y38 1197 ¥ (Photodynamic therapy, PDT)&—Fif
I IR R P8 250 A OB ik ), e R AR e
BAHOGRURTS, JeBON 545000 1 A BADG RIS T
(IR LR AR A T AR SE R AN L i R SR, ok
BGRLZGBh J7 7R 9T 1 OCRERY. 1 55 ARG i K FF
RBC AP R LA UL AMX s RS, A2 B R B
B, RIS ERIERRAR, PR 1 BN S E T
S WECIF el S ESE L 2 € FNIIPET
B2, BRHE R RIS AT 2B T IR AT A,
REMMIER, FEECEIAYIRLEN LS ET
PRI T iy FAIG, T BRI ez S iE . e
R, T ERE A AN T O s R, ATk
PSR AR TR AL, Rk A A ks L

PEAS TR 43 7 A 1 LA R R R I — R H AT
PRESFIEI LG, ©mtz . ST ICAIAMNE F GE
PH =3 o0 #ay 1 B AR R AR 8 o, S Ak e R
A e A AR, SOk s C AR T AR T
CABE WAz o S e SE 11, S 207 o B i Y, 25
k75 ) 3 e 1) 67 S D N A R R o0, L K b A
SERPGAE— e R E ORI AR AR . AR L 5 IN
BRI, [ A A O A7 SCHRIRIED 15 gl R
F Bt P ARE I, LD K 1) 2 (R A BELAE — e A
& EANHIBRE SRR R, $ Mk 9 e i 1= 2
Y6 FFfr, ML RN, O T R 2R A
YIRK VT, BRI 5 I N R LU 190, R dk 2021
i I L P28 /K BE T SOk L ARG, (S, DURIE i
S AT Frétchet 443 45 1) AR BREEE ] 3 40 v A WL
fRiE. ASCHRIE T4 2 2 V. (Scheme 1) 4 B — 2858
R4 Frétchet 5 IIKE EERCAY): PU-{3,5--[3,5--(4-&
LR A 25 ) 2R AR R 1O A0 ) R B (T)(6) 1 15
FIERAE, I UV/Vis, FadS M2 etk ko
e
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1 #R5itiE
1.1 EREHML

HArtb & 6 223 6 A0 [ Nl & et i ek
AT R IR Frétchet 45 /)RR A 2 7~ 1 A1 3: )
DARHREE SN A, 5 3,5-  FR IR RN TG /K B R
PRLE AR s A R 1 AR Frétchet 2544 R IEA A 23+
3,5-[-(A-FAE R AU IR HIRE(L), 1 5 DYk =
FRILIRMEAL B RN AR 3,5- L -(4- BB R F A )RR
(2), 2 5 3,5- "R FER HIBE N A AR 2 AR Frétchet 4514
FEER AL > 7 3,5--(3,5- -4-FBE IR A 2K FR AU )
ARHEE3), 3 & HEE/ EHEANE Okl S PR S
W GE S alid, 685 3 55 4-WSREAR R — HIIS I A 1%
BEE “RTIKA 7 PU-{3,5-[ (- I A I R H AR
TR —HE@). HJa, Bho1L,8- R/ IMRIA[5.4.01 1
W-7-1 (DBU) N HEALF, BEFRE: WA, 4 24658 %
I 25 1 DA EUHE b 3 5L Frétchet 45 Ry w A e A4 HUA QAR Ik 75
5™ A, R AR IRAT AT oy Bl a5 R 1
mol/L NaOH 7Kg, K =4y 25 53 il 5 FH R AT $2 4l
B R R S KL FY) Frétchet 45 M BUACER T RERC 54 6.
LRSS &t E B, IR, 'H NMR,
ESI-MS il MALDI-TOF- MS #1{Effis€. 5 # CHCL,
CH,Cl,, WM, N,N-—"F X H ;i (DMF), — 1AL EBK
(DMSO)EFPLARITT A IR LF %R, T 6 /& DMF,
DMSO FHZK B B AT IR I k.
1.2 5706 BILIMIR A KL E

Bl ZnPe, 5 F1 6 MG WEKRE R 1X10*
mol/L™ Y. 25 “CF 200~800 nm 43 %434 ZnPc, 5 1 6
R Ah =TT I . BL 610 nm $&, 435l 2
ZnPc, 5 #1 6 £F 600~800 nm K FE& 76, LUk
2T 405 nm AWK PG, WE S F6 1796 I i £,
Wt EHOTRE Fit=A+Be " +Bye "2 A1 F5E
A,
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Scheme 1

LL DMSO K, JoHUARBEL 75 £ (ZnPe) Jy JE U
(Pe=0.32) AW DT % @, WITTHE AR S A X
(1):

B o Anve (1)

ZnPc Ax
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5 CTE IR TR, Ak 5 AT 6 AR Ab IR
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1.2.1  ESNT BB

Kl 1 28 5 7 DMSO % i) UV/Vis J6i%. 297 nm
oA R 0 HE R AR B AR R s BRI B TR Q
MO 23 A T 350 F1 686 nm. 5 TCHUACRL L A
(Amax =670 nm)AHLL, 5 1) Q fFMSUEIN LI, X ] g
P55 SRR A 5 30 AR I (48 P HL T S KT
T R4, B IR 1 = % B PR I . 5
& DMSO 1 FZ AR TE A7, UBE RN 1X
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10 mol/L ZZ4L3 1X10™* mol/L [ P, 5 MMl for
ERTARFEAR B A AL, RUALEEERRTS 1 10 51 AN
BOAR, 7T LA R SRR TE K.

59 4
1.0x10™ mol/L,
-~ 2,0x10° mol/L
4 37 2.0x10° mol/L
5
£ 2
£ || 2
£ <
2
=21 |\ | S
N =
N 550 600 650 700 750
Wavelength/nm
0 T

T I T T 1
200 300 400 500 600 700 800
Wavelength/nm

B 1 57E DMSO ) UV/Vis Y&
Figure 1 UV/Vis spectra of 5 in DMSO

Inset showed the UV/Vis of different concentrations of 5

2 0 6 AEJKE WA+ o8 e e — L R AL 4%
(CTAB) W T I UV/Vis Jeilh. 6 7F 627 nm A4 —4
U (R B KR AT, 3 B AT BEAE /K i 2 2 DL 2R 4K
I 2 AFAERS. X RER T 6 T o FR S oy 1
[ VR TE R AR, IO CTAB Ja, SR
SR, AR B R, XA R TN
HIfi Y] CTAB Ji5, CTAB HIBHE 115 6 aff fi r i (15 Ak
W E A A A, SR AR T I SR T S BORR
PRAREEETY, 6 11 CTAB ¥ P 3= ZE LA B A7 AE.

1.0 4

Absorbtion

T T T T T 1
500 550 600 650 700 750 800

Wavelength/nm

Bl 2 67K (- -)F CTAB ¥ T(—)) UV/Vis itk

Figure 2 UV/Vis spectra of 6 in water (- -) and 6 in CTAB (—)

6 in water: C¢=2X 10> mol/L; 6 in CTAB: Ccerap=1.4X10"> mol/L
122 FAET LRGSR KT
3 24 5 7E DMSO %7 H 15 661 S AR R

FEOCHERZ . 7E 610 nm B MR, W1k 3a o,
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5 MR AN KSEEN T 704 nm A4, BAEHEH
stoke . & 3b ok 5 BT GRENL T2k, ARGV FML FIT
LA TR Fit=A+Bie "™ 4+ Bye "SS5 M98 %

fir A 3.62 ns.
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Figure 3 Fluorescence spectra (a) and fluorescence decay
curves (b) of 5 in DMSO

Cs: 2X107° mol/L

4 2 6 {EKIEEME T IS 6 6 K 9 vk th 8.
7E 610 nm K NIk, 6 1KV 9% e B KR S
f7F 709 nm. & 4b 2K 6 M aEm Lk, MR
FIT IG5 FE Fit=A+Be "+ Bre " 515 6 77K
FT 2O Ak 2.93 ns.

AHX}T ZnPe (@:=0.32), 5 Fl 6 £F DMSO ¥ 71 h 9%
T TP E 5 0.44 F10.71, 6 £E /K T 258 6 &
FrEFRN 0.02, WK 1 Fion. 6 48 DMSO 5K R
hubE TR B R A, XA AHT 6 1
DMSO 1 FEZELLPARTE XAFAE, TAEKEH T T 1
MEABER, 5 TR A, BT 965,
SN T AR

2 #ig
AT AU AR L it B f 7 80 L Frétchet 45
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Figure 4 Fluorescence spectra (a) and fluorescence decay

curves (b) of 6 in water
Ce: 2X 10 ° mol/L

F1 56 BRF RO HEME R
Table 1 Photophysical properties of 5 and 6 phthalocyanine

Complex - imax/@ - log émax D T/nS
Absorption  Emission

ZnPc (DMSO) 672 681 543 032 4.73

5 (DMSO) 686 703 6.27 044 3.62

6 (DMSO) 684 709 6.99 0.71 4.39

6 (Water) 620 709 4.35 0.02 2.93

“ ) ZnPc (Pp=0.32) K F5itE.

Py 68 A B AR BRI B (D EE 5 7 DY -{3,5--[3,5- -
(4- T HE IR TP AU B ) O PP 4 B )R TP S B ) 5 (S) M D -
{3,5--[3,5- T (4-FRBE IR VAR ) 2 AR R - A 0
PERK 5 (6), ML & #r, IR, 'TH NMR, ESI-MS #il
MALDI-TOF-MS X i & b G5 M 14T T RAE. 5 18
DMSO i FZELLUPAR I TE AP A, 6 TE/K¥ b =
DL T RAAIE A AE, NP S PR S TE R CTAB
Je, 6 EELLRARITE AL, TSRS
WL S F 6 DGR, J G KA, 518
DMSO P 9O Gt KR SIERL T 704 nm 2oy, 9%
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HTER N 0.44, PG F51 3.62 ns; 6 fEKEE I T 98 i
KARISFHERL T 709 nm, P ET =24 0.02, %A
2.93 ns. HALHAT Frétchet 45 KBk EE L A4 6 &2
PEREE 1) G R,
3 e
31 XEHIKH

Cary 50 AN AT WEOROGHEAY (56 [E Varian 2 F));
UN ITY 400 Bz mELPR{ (36 1H Varian 23 w]); PE-983G
R 2L ARG A (PEH Perkin-Elmer 22 #); LCQ
Deca XP Max & i {% (3¢ [E Finnigan 22 #]); REFLEX
I ¥ MALDI-TOF i (¢ (#% [ Bruker 2 wl); FL900/
FS920 MRS FIEAS 9 66X (¢ [H Edinburgh 43 H714%
#y v H); Vario EL T 402 40 M4 (45 [E Element 24 7).

18-7ekfik-6(Z 0 7, AR); DBU (Aldrich, AR); 3,5- -
PRI L R THBR AT, AR); AL
IR TOKERERA . DUVRALER . = REEBE R T AR R AL
FIRFNAF], AR). 248 TR Ab B
32 XWAHE
321 ALEH 2 896 R

3,5-[ - -(4- T FAUED) 2R F (D) 1) A 1 S LS
Mk[23].

RARYN, B 3,5-[-(4-FUHE A AU ) | oA HT
(1) (5 g, 13.5 mmol), PYRALEE(S g, 15.0 mmol), — I
f##(3.7 g, 15.0 mmol) A1 PY ZU R (10 mL) i A T4 = S50
(100 mL), LN 20 min J&, 5654 PYRAL R (1
)M IR AL (1 ), 4R N 1 h B I EUTE. RN
PR =S P EE(100 mL)E AR, INZE17K(100 mL)A<HE
%, KEH & FEEARA0 mLX3), &IAHAM, T
IKEREREETE, HhdE, H VOECk) @ M & HHE)=3 :
2 MR-G5, SRIa AR A2 52 g ™
% 82.5%). '"H NMR (CDCls, 400 MHz) d: 7.66 (d, J=8
Hz, 4H), 7.51 (d, J=8 Hz, 4H), 6.61 (s, 2H), 6.47 (s, 1H),
5.00 (s, 4H), 4.63 (s, 2H); IR (KBr) v: 3400, 2930, 2830,
2230, 1600, 1443, 1416, 1318, 1295, 1214, 1150, 1073,
1020, 822 cm '; ESI-MS m/z: 457 ((M+Na]"). Anal.
calcd for C,3H7N,O,Br: C 63.58, H 3.79, N 6.56; found C
63.74, H3.93, N 6.47.
322 tubdh 3 698k

BAEYE, #4525 g, 11.1 mmol), 3,5- - FRFEIE
fi(0.74 g, 5.0 mmol), 18-C-6 j&fi#(0.29 g, 1.07 mmol),
KIRERER(12.1 g, 87.0 mmol)FIPER(50 mL) A T4 =
HUM(100 mLyH, 55 CHIFEMIG 48 h. RNVITERUS, ¥
HIZp i, g, sEUEH =& L8100 mL)# il Nz
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TR7K(100 mL)AHLpER:, KZEH = A (10 mL X
3), GIFANUME, JoKBRREE T8, MW r(F
W) - (TR =2 1 R FRIES S, s A
VOECHE) @ M H R =3 1 2 MRS HIEL W, 15
Bl R RE AR 3 (325 g 77F 75%). 'H NMR
(DMSO-d, 400 MHz) J: 7.84 (d, 8H), 7.62 (s, 8H), 6.73
(s, 4H), 6.65 (s, 2H), 6.58 (s, 2H), 6.49 (s, 2H), 5.21 (s,
8H), 5.01 (s, 4H), 4.44 (s, 2H); IR (KBr) v: 3400, 2930,
2230, 1500, 1450, 1415, 1318, 1298, 1214, 1160, 1050,
822 cm'; ESI-MS m/z: 867 ((M~+Na]"). Anal. calcd for
Cs3HyoN,O7: C 75.58, H 4.51, N 6.62; found C 75.36, H
4.74,N 6.64.
3.2.3 1Ll 4 698

FAEYTE, B3 (2 g, 2 mmol), 4-AFEAR 2K T
(0.34 g, 2.02 mmol), JL/KEKILH(0.621 g, 4.5 mmol)F
DMF (10 mL)MA T4 = Hf(100 mL)H, 80 CHiF:x
No12 h. JRNEER G, A, g, JERETEA KK (10
mL)H, Srdive, HhdE, T, AP EEYEE(10 mLX
3), AR EAEE 4 (119 g 7% 60%). 'H NMR
(DMSO-d, 400 MHz) &: 8.03 (d, J=12 Hz, 1H), 7.84 (d,
J=8 Hz, 9H), 7.60 (d, J=8 Hz, 8H), 7.48 (d, J=12 Hz,
1H), 6.71 (s, 4H), 6.69 (s, 3H), 6.65 (s, 1H), 5.20 (s, 10H),
5.02 (s, 4H); IR (KBr) v: 3300, 2932, 2230, 1599, 1450,
1430, 1318, 1295, 1250, 1160, 1060, 1020, 822 cm ';
ESI-MS  m/z: 994 (M + Na] ©). Anal. caled for
CetHsNgO7: C 75.28, H 4.23, N 8.66; found C 75.36, H
4.33, N 8.65.
324 AL 5 e9e R

FAEYTE, £ 4 (039 g, 0.4 mmol), FERREE0.02
g, 0.1 mmol) A E JREE(10 mL) A T4 =100 mL)
o, 130 CHEHER N 30 min, FRRSWIVERRIS, W0
DBU (1 mL), 150 CHFEFIRIRA 24 h. W45 )A,
RN, HhOE, WUERDTIE, BT, 43 AR
[(RENR, YEBGH) @ V(HEE) @ V(= PEE) =119, RITH:
=R ERAE, 19 2IREAEE S (0.24 g, 77 80%).
'H NMR (DMSO-d,, 400 MHz) J: 7.81 (d, J=8 Hz, 32H),
7.57 (d, J=8 Hz, 32H), 7.38 (s, 4H), 7.29 (s, 4H), 7.20 (d,
4H), 6.69 (s, 16H), 6.61 (s, 12H), 6.57 (s, 8H), 5.17 (s,
40H), 4.99 (s, 16H); IR (KBr) v: 3300, 2920, 2800, 2230,
1600, 1450, 1430, 1251, 1153, 1067, 1060, 822, 580 cm ™ ;
MALDI-TOF-MS m/z: 3968 ((M+H;0]"). Anal. calcd for
CousH 6sN24O25Zn: C 74.11, H 4.18, N 8.48; found C
74.15,H 4.25,N 8.51.
3.2.5 1Ladh 6 e9e

## 5 (0.5 g, 0.2 mmol), 1 mol/L NaOH (100 mL)JII A
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— U250 mL)H, 100 CHFEMIF 7 h. [V 450 )5,
AL, g, FEREEP A 1 mol/L #£/R(100 mL), Hr
HRER R, 98, IRV B AET 1 mol/L NaOH
(100 mL)H, FFXMA 1 mol/L #hfR(100 mL), 7 HE
grfn g, ok, f9EIRSE A A 6 (0.55 g, 77 H 82%).
"H NMR (DMSO-d,, 400 MHz) d: 7.95 (d, J=8 Hz, 32H),
7.79 (s, 4H), 7.54 (d, J=8 Hz, 32H), 7.31 (s, 4H), 7.12 (s,
4H), 6.73 (s, 16H), 6.72 (s, 16H), 6.66 (s, 8H), 5.18 (s,
32H), 5.12 (s, 8H), 5.02 (s, 16H); IR (KBr) v: 3300, 3040,
2930, 1700, 1600, 1450, 1400, 1250, 1160, 1053, 1020,
822, 580 cm ™ '; MALDI-TOF-MS m/z: 4253 (IM]"). Anal.
calcd for CyssH 3sNgO4sZn: C 68.66, H 4.24, N 2.58; found
C 68.84, H 4.33, N 2.63.

4 Bh A1 &L (Supporting Information) L5475 Fl 6 A
i KL, A 6 7E DMSO ¥ RS 261
Mg K, LU S 5 F1 6 LEA R
VRS DL, X SRR T DA G 2l AAAS T 4 35 (http://
sioc-journal.cn/) |- N k.
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