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B Frétchet MR SNBSS s (1NEEH: T-(3,5-=-[3,5-=-(4-18
EFRSAR)FREE- FRAEBMEH(NRIE KSR

WAL Kk EC @ DAL
T’ skt BBR K EEe

(ARG R A S REERE AR = 2 TR RS8R = AR 350007)
CRRBITI R F B 2 R SRR E M E ALK = 4@ 350007)
CHRITRZEE T 25 T 361005)

B I8 7 PP B Frétchet WAL BLARIACER S BEADELAH0: DU-{3,5--[3,5--(4-FR 3 K F 4 2 R AU A |- 2K AR
AR RED AR S RAE. KR RIRE 3,5- AR R Frétchet SN AR 3,5-[ —-(4-TR K A E)]
R, 15 DY AR TR = 2R RE A DU S o S B 3,5- —-(4- TR FH A3 (), 2 5 3,5- T FR SRR FE R N
G 3,5--[3,5- - (4-FIE K FAAEL R AR S R IR 3), #6, 3 5 4-W3ER0 K G R “ Rk ” IY-{3,5-[—-(4-
LRI R AR HIE@), RIGLL 1,8- R/ ANUAR[5.4.01 8- 7-F(DBU) AL 7, BEEREE A B A,
4 A5 5 S N A JRSA S B 1) Frétchet MR AR IR A4 DU - {3,5- —-[3,5- -(4- UL AR 20 28 A3k R AR )
PR IC AW 5, IJE, 5 MRS HETE NaOH ¥ b 7K AR A AH Y. (9 LR i ik Frétchet A BCAR MBS 4 DY-(3,5-
T-[3,5- T-(A-FR IR PR ) K AR L - OR AR BRE D) (6). SRAIJCE T, IR, '"H NMR, ESI-MS Al MALDI-
TOF-MS EKAEFTA ARG, B UV/Vis, FaSMBESDRARAETITT 5 A 6 MG, 5 F 6 & —25kne
B IR IR O B

KGR PY-(3,5--[3,5- -(4-FRFE IR H A ) 2K F AU B - R ARV BRF BE(TD); & AR RAIE; Frétehet A4

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’
(“ College of Chemistry and Materials Science, Fujian Provincial Key Laboratory of Polymer Materials, Fujian Normal
University, Fuzhou 350007)
(® Key Lab of Optoelectronic Science and Technology for Medicine of Ministry of Education, Fujian Normal University,
Fuzhou 350007)
(¢ College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005)

Abstract A novel Frétchet structural dendritic substituted photosensitizer, tetra-{3,5-di-[3,5-di-(4-carboxylic benzyloxy)-
benzyloxy]benzyloxy} phthalocyanine zinc(II) (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(Il) (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(II) (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

Y638l 197 #2:(Photodynamic therapy, PDT)s&— &
R R Y R Sy R R S G DR SN @ ¥ el s el
VR Gt 11 M N 8 1| AT 2 W Sl =W =% S =2 i R
SA(B RS S T A SRR AN M ) L Jrp, e
BRI B a7 I SRR Ak 58 A BOR I R
KRG R HAG VT2 X e K, R IR
B, RIS R AR, Pt R AR A A T
77 A e S I 0t 5 R RN 2 ) 2 SRR 1) ),
HE, BRI g WA 1 T 800 7 MR EEAT N,
RERMIEK, SEECERL AV RLAEN —LSA 8T
72 2N G651y PR, T AR L6 ) s vk e
R, WP AR K S AR T s R e, ik
Pz A E AR T E A, A s B AT A T L
NGy SRR B B S T T s 2 —

P A TR 43 8 1 LA R R R I — I AT
PREERITBIAL G, ©Hi% 0. SR IR B BE
P =30 4 Fg i 1OL, it B R AR B, S Ak B T A
ANFELE RE I H R AREOE K. SR s e AR T RE R T
CABEMcAZ o S e L 11, S B0 2o B i f U, 254
PR35 SR a2 s 1) 7 AR K A7, LK I A
SERPKGAE— e FE S F PRI SRAERTE . ZEBRH L5
PR TR, [ A A O SRR IED 10, gl
FWIBEA A AAR S 3 N, DR K1 2 (a4 BHAE — s 2
o AR SR AR B, B PR 58 it 7= 2
P F i, MR BT O TR R R A
VI Kb, K L 5 N g 5L S0 R kR0
e RE P S /K L A SOk LIRS . (HJ2, DURIE Ny i
S BT Frétchet WA 25 14 (1 HCA QIR EE 1 Py A0 i R L
il ACHRIE T4 2 OV (Scheme 1) B — 297
Y Frétchet 5 IS EERC A Y): PU-{3,5-—-[3,5-—-(4- &
DR H A ) 2 AR 10K HR A0 0 ) KR B (TD(6) 1A A5
FERAE, I UV/Vis, FREMBRESO IS Emrs It
e .
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1 HR5TE
1.1 AREHMmK

Hbstb &4 6 it 6 20 e Nihils, o seim it e diid
Bl T BRI HE M Frétchet 5 A S M B 437 1 A1 3: BRI
PIGHFRIEFR G AR, 5 3,5- 5 FHEIOK F AN G K Bk R
B R A S A 5 1 AR Frétehet 45 M S RER R 21
3,5-[ -(4-EHER A R EE(D), 1 50 =
LB T RN B 3,5- o -(4- U 4 A )
(2),2 5 3,5-F LR FIE SN B B 2 AR Frétehet 2514
WAL > T 3,5--(3,5- -4- TR A A S AR )
KHEE3), 3 4R & PR IE b/ R PRl S
R LE Tl 1545 3 5 4-THHEARTE — HS RO A K
BEFE “BTOKA 7 PU-{3,5-[ -(4- T FEIR A L) ]} 2K AR,
FARR HiB@). f)a, LA 1L,8- R IEAIA[5.4.0]
W-7-4(DBU) A AT, BEEREE ARG, 4 2455 %
4 i DL UL it L Frétehet 45 FA A IO A B R Ak 75
5OHL A, R SRR RN o SRl s, 5 7E 1
mol/L NaOH H/Kfi#, ¥/=4)4 & S i AR T $E 4t
A AR RIS L (1) Frétchet 45 KU EEE 54 6.
FRIEREYNGEEICE ST, IR, 'H NMR,
ESI-MS Fl MALDI-TOF- MS #fE#isE. 5 7& CHCL,
CH,Cl,, Wi, N,N-——H 5 H i (DMF), — 2% {0
(DMSO)ZEA WA AT ARG IR AR, T 6 7 DMEF,
DMSO FHZK I EL AT IR L IR b
1.2 5706 BYEEIMNOITE I E

Bl ZnPe, 5 A1 6 [Mfig & WEKRE N 11071
mol/L ™). 25 ‘C ' 200~800 nm 43 #3934 ZnPc, 5 1 6
(R =] WO . BL 610 nm Ok, 4 B
ZnPc, 5 F1 6 1F 600~800 nm FIFa A2 61E: LUK
ST 405 nm AR B, DIGE 5 R 6 OB RE TRk 48,
RO FE Fit=A+Bie ™ +Bye 2 MU HI 5
A

http://sioc-journal.cn/ 1321



BIMHEF WRER
NC /@V /©VOH
HO OH 0 _ CBryPPhy 0 HO
_— >
18-C-6, K,CO3 /@) K@\ 18-C-6, K,CO3
OH CN
1
CN \
- i;: Zn(OAc),
O.N CN
n- pentanol DBU

«;ﬁ

CN

(\?\f i@
[§\ % (i) HCI
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CN
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COOH
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COOH
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CN fe)
Scheme 1

LI DMSO 47, JoHCAREKE £ (ZnPe) 2y H i
(Pe=032)BL G ET =% O, MTHEAHKHE A2
(1):

Lt x@
ZnPc Ax
T Aznpe N ZnPe PR AL AL IV SERE; Frape 9 ZnPe
P DECIEHE IR AR A R 5 F 6 LRSI AR I
JGEE, F i S R 6 HARERT 28 661 AR 43 T AL

¢x: ¢ZnPc X (1)
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1.2.1 BSOS

Kl 124 5 7 DMSO % H 11 UV/Vis J6i. 297 nm
JEAT N TS FER R R IR RS, BRI B AR Q
RS AT 350 FT 686 nm. 5 CHUACIEER AT
(Amax=670 nm)AHLL, 511 Q HWrR G LI, XA fEE
EH T 05 SRR B 5 30 F A R AT P R T S RS
e L), 3 EBE I T 2 % B R & 5
7t DMSO "h FZLLPARTE SAETE, BRI 1X
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107% mol/L A84k3 1 X 10™* mol/L YuH N, 5 (KW I fr
BREIRIEAR KA, R WILERELE 1 5L 5] AREL
BCAA, 1T LA R SRR T &

54 4
1.0x10™" mol/L|
== 2,0x10”° mol/L
4 3 2.0x10° mol/L|
=
2
£ 2]
g 31 Z
E= <
< 11
5
)
< I N
0+=—"=-

600 650 700 750
Wavelength/nm

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

Bl 1 575 DMSO ') UV/Vis ik &
Figure 1 UV/Vis spectra of 5 in DMSO
Inset showed the UV/Vis of different concentrations of 5
B2 S 6 LEIKERR 7S bk = FF L IR Ak B
(CTAB)EH 1A UV/Vis Y6l 6 76 627 nm A1 —A
B KR AU, 3R WL AT BEAE K W 2 2 DL 2R 4K
(K1 2RAFAEDS, X TGS T 6 T uf F R S oy T
RV TE RS, I CTAB Ja, —ZRAKI IS4
kIS, SR oI ] R, X AT AR T INAE
Hi4if ) CTAB Ji7, CTAB HIFHE 15 6 i 7 Hi iy PR K
Mg AR ARG &, DA b A S BURE
A7, 6 £ CTAB Wi b 3= 2 DL A A 3047 A1

1.0

Absorbtion

T T T T T 1
500 550 600 650 700 750 800
Wavelength/nm
Bl 2 6 e/ (- ) CTAB T (—)H) 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: Ccrap=1.4X10"" mol/L

1.2.2 FAER RSB A RS
3 24 5 1E DMSO 57 198 Y6 6 1% K HAH NV 1)
PNk LR &, 7F 610 nm K Rk, WE 3a Fiw,
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5 9 EN R EIEAL T 704 nm A4, HAWHER
stoke (5%, & 3b 4 5 (96 Emth £k, MRHETHHEMLFIT
(LA TR Fit=A+Bie ™ +Bye "SS5 M5t F

fir 4 3.62 ns.
1.0 -
a
0.8 -]
=
g
25 0.6 4
[= =]
=%
2 0.4 -
EZ
E
= 02
0.0 :

T T T T ]
650 675 700 725 750 775 800
Wavelength/nm

10004 b

100 4

Counts

T T T T T 1

0 5 10 15 20 25 30

Time/ns

Bl 3 57t DMSO H 96t (a) f 9 e IE i £k (b)
Figure 3 Fluorescence spectra (a) and fluorescence decay
curves (b) of 5 in DMSO

Cs: 2X107° mol/L

Bl 4 8 6 fE/KE 2O 1E K 9 e s th £k.
7E 610 nm YK NI, 6 LE KV 75 ) de K i
£7F 709 nm. & 4b & 6 MG EERINL, AR UL
FIT (A& 5L Fit=A+Bie "+ Boe " U515 6 71K
W 96764 2.93 ns.

FIX T ZnPe (@r=0.32), 5 F1 6 ££ DMSO %7+ 5¢
TR TP H 04 0.44 F10.71, 6 78 /KA T 78t =
TP 0.02, W2 1 Fizn. 6 £E DMSO ¥ 7K
Rt PR R R AR, X Rl T 6 1
DMSO H EZELLRAR T AT, A 1501
MEBEMER, 2 TIB R A, BRAK T L9 ham
SEIOCE TR A,

2 %
A BT AU AR L it B 1) 8 HL A Frétchet 45

http://sioc-journal.cn/ 1323



R EHR

BHLE
1.0
a
0.8
2
2
25
s § 0.6
Q
2°s
75
EZ 04+
=
59
0.2
00 T T T T T T 1
650 675 700 725 750 775 800
Wavelength/nm
10004 b
1004
8 E
=
5]
@]
T T w‘l
30 40 50
Time/ns
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Figure 4 Fluorescence spectra (a) and fluorescence decay

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

R 156 BLHE G R 5T
Table 1 Photophysical properties of 5 and 6 phthalocyanine

Complex - imax/nm. - log émax P /NS
Absorption  Emission

ZnPc¢ (DMSO) 672 681 5.43 0.32 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

“ L) ZnPc (Pp=0.32) .

Ty A e P AR ERUA 8K 5 B (D S & PU-{3,5- —-[3,5- -
(4-TUHE IR TP AU ) R PP 0 R A Y AU R IR (5) AT DG -
{3,5--[3,5- -(4-FR AR R HV AR AR ) R Y A ik - 2R R AUk )
PERK S (6), WLt FE M1, IR, 'TH NMR, ESI-MS Fl
MALDI-TOF-MS X} it & b S5 S5 M AT T 3R AE. 5 1
DMSO ¥ 2 B DA AR IE XA LE; 6 AEKiEh =
BLUL AR SAFAE, MNP & R G PEF CTAB
Ji, 6 EELLRARMIIE AL, FRRAMBEAD sk
WEFTS F 6 2GR EE, PG HE % K5O, 5 16
DMSO % 9 et KR BTIEN T 704 nm o4, %t
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TN 0.44, D86H1 3.62 ns; 6 LE /K 2¢ e
KESERT T 709 nm, 26T 7730 0.02, XK
2.93 ns. FrEH Frétchet Z5HIBKEECEY) 6 & —3K
PERE AU (1) G RIGH.
3 ZWERs
31 NEHIEH

Cary 50 U840 n] WIRSOE HEA (S [H Varian 2 7]);
UN ITY 400 B %0 4R A% (3 [H Varian 22 7]); PE-983G
RS 2E AR 61 A (PE1E Perkin-Elmer 2 7]); LCQ
Deca XP Max B4 Jfiit{% (3 [E Finnigan A &]); REFLEX
I Y MALDI-TOF Ui (#% ¥ Bruker 2A#]); FL900/
FS920 MARAFNBE A GG (92 [ Edinburgh 43 #74%
#AF]); Vario EL I B0 8 43 H1 4% (4% [ Element A 7).

18-Jelik-6(“Z41fit 77, AR); DBU (Aldrich, AR); 3,5-—
BRELERE (LR TAHRAR, AR); X &
R TOKBIRAT . DUmAbm . — REEBECORE TR =ik
ARG AT, AR). 2y IS4 I T A 3.
32 IWHE
3.2.1 ALadh 2 098K

3,5-[ (4= A AR 1R R (D I A S L

TP, ¥ 3,5-[ -(4- TR FE A F A AL ) 2K
(1) (5 g, 13.5 mmol), PYEALHK(S g, 15.0 mmol), — Ak
(3.7 g, 15.0 mmol) FIPUZ LI (10 mL) I AT = 50
(100 mL)H, FEkE &Y 20 min J&, 265 4N PUsALaR (1
)M =R (1 @), ARZLI N 1 h BRI A EDIE. RV
Y =& T HE(100 mL)HH#E, INZE1E7K(100 mL)A B
%, KEH = P EEAE10 mLX3), &IFEaHH, &
KRR T, #hiE, H VOECHD) @ & HFHH)=3 :
2 MR G WA S dh, 193 AR A2 52 g, 77
# 82.5%). "H NMR (CDCls, 400 MHz) J: 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 (IM+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 1Ladh 3 698K

BARR, H 2 (5 g 11.1 mmol), 3,5- —FRFHEH
fi%(0.74 g, 5.0 mmol), 18-C-6 j&f#(0.29 g, 1.07 mmol),
IKTRERER(12.1 g, 87.0 mmol)FI A E(50 mL) I A T4 =
HOM(100 mLyH, 55 CHIFEMI 48 h. RINVIEHUSE, #
MR, ok, IO =& EE(100 mL)##E, Nz

HR[2

w
—_

Chin. J. Org. Chem. 2012, 32, 1320~1326



Chinese Journal of Organic Chemistry

NOTE

T7K(100 mL)ApES, K2 =& HFHEAI(10 mL X
3), AIFAHUM, KRR EE T 5. M=ol v
) © VA H B =2 1 MRAW AL, 15
VAECKD) @ M FHD)=3 1 2 MRAEFIEL M, 5
Bl REAE 3 325 g 75F 75%). 'H NMR
(DMSO-d,, 400 MHz) o: 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.
323 fLadh 4 696

ZAYE, B3 (2 g, 2 mmol), 4-AEFHEAE IR T
(0.34 g, 2.02 mmol), JL/KEKIR(0.621 g, 4.5 mmol)F
DMF (10 mL) AT = H0f(100 mL)H, 80 CHiH: I
12 h, RNEEHE, AE, g, SEBREA KK 0
mL)H, HrhyciE, g, T, FHFAFEEYER (10 mLX
3), BRI EGEA 4 (1.19 g % 60%). 'H NMR
(DMSO-d,, 400 MHz) 6: 8.03 (d, J=12 Hz, 1H), 7.84 (d,
J=8 Hz, 9H), 7.60 (d, /=8 Hz, 8H), 7.48 (d, /=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
CetHiuNgO7: C 75.28, H 4.23, N 8.66; found C 75.36, H
4.33,N 8.65.
324 ALE4h 5 698

ZAEYTE, #4039 g, 0.4 mmol), FEREE0.02
g, 0.1 mmol)F1iF FE(10 mL) A T4 = FU(100 mL)
W, 130 CHERERN 30 min, RSV RIG, W0
DBU (1 mL), 150 CHFEFIFRNY 24 h. KNS E,
AHIRER, Mok, BERDOE, ST, 23 A2
[RESZ, WEBCH @ VOFRE) @ (=& B =119, FEIFH:
=B PR, 19 2R AE A 5 (0.24 g, 772 80%).
'H NMR (DMSO-d, 400 MHz) 6: 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
CousH16sN2400sZn: C 74.11, H 4.18, N 8.48; found C
74.15,H 4.25, N 8.51.
3.2.5 tubdh 6 696k

# 5 (0.5 g, 0.2 mmol), 1 mol/L NaOH (100 mL)JIA
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—HUM(250 mL)F, 100 CHFEFIGR 7 h. JRNVEHE,
AR, g, EIEBTP A 1 mol/L #5100 mL), #t
RS R, o yE, JEVFEFET 1 mol/L NaOH
(100 mL), BRI 1 mol/L #:#&(100 mL), #7 %
arfn i, oFuE, fEIRSE A A 6 (0.55 g, FTE 82%).
'H NMR (DMSO-ds, 400 MHz) 8: 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 34NgOusZn: C 68.66, H 4.24, N 2.58; found
C 68.84, H 4.33, N 2.63.

3 Bh#4 ¥ (Supporting Information) L7545 F1 6 A
i TS, 1A 6 75 DMSO W RR A Tl
FESZOCI S K, LAEALEY) 5 F1 6 LEA R A
VRS D X RSB AT DA G 9 AAAS T ¥ 3t (hittp://
sioc-journal.cn/)_b %
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