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ABSTRACT

Cationic phthalocyanines are novel phthalocynanine compounds developed in
recent years. Compared with hydrophobic phthalocyanine compounds, cationic
phthalocyanines are water-soluble, because of the introduction of cationic moieties in
the peripheral benzene rings. Fluorescent cationic phthalocyanine compounds are
chemically stable and emits in the red-region with a high fluorescence quantum yield,
with the advantages of reducing the interference from background fluorescence and
scattered light, thus has great potential for applying in scientific research as a
fluorescent probe. It was found that cationic phthalocyanines are easily to interact
with anionic biomacromolecules, leading to evidently variation in fluorescence
behavior, which shows trhe potential of being used as molecular probes for
determination biomacromolecules.

This thesis consists of four chapters.

In chapter 1, the molecular structure and characteristics of phthalocyanine
compounds were introduced. The new developments in the applications of
phthalocyanines were reviewed. The main point was focused on their applications in
fluorescent analysis.

In chapter 2, cationic phthalocyanines were synthesized and purified. The
fluorescence behaviors of these compounds were investigated.

In chapter 3, the possibility of cationic phthalocyanine compounds employed as
fluorescent probe for the detection of nucleic acids were investigated, the results
revealed that cationic aluminum phthalocynine had the potential in quantitative
determination of nucleic acids.

In the final chapter, other water-soluble phthalocyanine compounds synthesized
in this work were introduced. Besides, preliminary results of using catioic

phthalocyanines as novel fluorescent probes for imaging in vivo were presented.

KEY WORDS: Metal phthalocyanine; cationic phthalocyanine; Fluorescent probe

II



ABSTRACT .ceecececececececcccccesececscscsccssssssssscscscsssssssssssssssssssssssssssscss 11
HB ZETD cevreereerrenrreresssessesssessesssessesssessssssessasssessssssessssssesasesas 1
R eI 1 1 1

Lo 1 BRIBRERTZE R oot 1

L2 B T T T 5 et 1

1.3 BREE AT GE T oot 2

1.4 5 BT I BRTE AL oot 3

1.5 BREE A I AT R et 5

1.6 BREF I TERETE I oot 12

B I 7 =1 Y =< OO 13

2.1 BRFE A DESCIRET BRI oo 14

2.2 BRFERCASCHGAIIREIT oo e 14

2.3 BRFELEMEAL T TR oo 15

2.4 W STBETF TS oot 16
BEZETUBR oo et 17
F_E MHBEFREFHNEHEEERMREE..ovveciennccnenns 21
B T B B e 21
T T ] e 21

2L AR T G DB e e 21

2.2 3-RHFLARIE UG . 4-RFEAR AL S RIS 22

2.3 3 FLAFIRTS M 4-T A R A BT e 23

2.4 3G SEAFIRTE N 4- B IR A U TOIRO . 24

2.5 PUBAR — A R B B IR TS T A3 v 24

2.6 3-HE AL ERBR T R A=A SRR ET AT v 25

2.7 3-EIEEBRTE M 4RI DA PY e 26

2.8 PUHUAR = A AL AL RS A5 e 26

R T N E o 7 OSSO 27
3.1 A FREITI oot 27

3.2 BRI HIETE L oo 28

3.3 BRE AL AT EIETEZEAE oo, 33

B ettt 37
BEZETUBR oot 38
kNGRS P Y IS VT N— 40
B T T 0 e 40

30 T B EART oo 40

3.2 JEE oo 41

II



B S V% ettt ettt ettt ettt 43
3.5 L T R AT ettt 44
B T ettt e et e et n e 48

B T B B et 50
B R 581G s OO SO 51
2L S 2l ottt et 51
2.2 SEBGALEE oottt 52
2.3 SEIGTIM oottt 52
24 BT AT TZI <ot 52
2.5 INBIIITEARIER oo 55
2.6 BERITITIR oot 56
2.7 AR AT oot 57
2.8 BIRAF BT TETE oot 57
B et et 59

I



Content
Abstract in ChINeSe. ... ..o I

Abstract in English.............. Il

Chapter 1 INtroduction c.cccceeceecsecsccecsecsecsecsessesscsssessessessessessosseseose 1

Section 1 Introduction of Phthalocyanines ..., 1
1.1 The structure of POrPRYTINS ........coviviviiiirieieieieieeeeee e 1
1.2 History of phthaloCyanines..............ccooeueieiiieieiieieeiieeieeiiesie e 1
1.3 The structure of phthaloCcyanine.............ccccooeeveiiieinieiiieeise e, 2
1.4 Phthalocyanines with Charge.............ccooooeviiieieiiiiiiiicci e, 3
1.5 Synthesis of phthalocyanines.............cccoceviireieiiioiiiciniioieee e, 5
1.6 Spectroscopic Properties of Phthalocyanines...............cccocoooveeiniicicicinnnen. 12
Section II Application of phthalocyanines ..., 13
2.1 Application of Phthalocyanines used as Fluorescence Probe ..................... 21
2.2 Application of phthalocyanines used as photosensitizer..............ccccoocune... 14
2.3 The applications of phthalocyanines in catalysis.............cccoooeereirrrererrnnen. 15
2.4 PaPEE DESIZN ..o 16
REFETEICES ... 17

Chapter 2 Synthesis of cationic phthalocyanine and its basic

characteristics o..oo..o.o..o..ooo..o...o...o...o.o.o.o...o...o...o...o...o...o...o...o...oo21

Section 1 INtroduction ... 21
Section 2 Experimental ... 21
2.1 Reagents and INStrumMents..............coooviiiiiciiieieeeeeeee e 21
2.2 Purification of 3 (4) -nitrophthalonitrile .............ccccccocoooiiriiiiieieennne, 22
2.3 Synthesis of Tetra(Tri)nitrophthalocyanato Zine ...........cccccceceeieerereinnnnen. 23
2.4 Synthesis of Tetra(Tri) aminophthalocyanato Zinc ...........c.ccccevevierieenenne. 24
2.5 Synthesis of Tetra(trimethylammonio) phthalocyanato Zinc ..................... 24
2.6 Synthesis of Tetra(Tri)nitrophthalocyanato Aluminum.............c.cocovrunee. 25
2.7 Synthesis of Tetra(Tri) aminophthalocyanato Aluminum .......................... 26
2.8 Synthesis of Tetra(trimethylammonio) phthalocyanato Aluminum......... 26
Section 3 Results and diSCUSSION................ccccoiiiiiiiiii e 27
3.1 The SYNTRESIS .....cuviieiiiicie s 27
3.2 Characterization by UV-Vis SPECIrOSCOPY .....coovvrvevririrrrereiiieiereiieieieieseeeaen. 28
3.3 Characterization by fluorescence SpectroSCOPY .......cocvovvevirrverereireereiereennnnn. 33
CONCIUSIONS ...t 37
REFETEICES ... 38

Chapter 3 Determination of calf thymus DNA by Fluorescence

v



quenching using cationic phthalocyanine as a probe.....ccccceceeecereeees 40

Section 1 Experimental ... 40
3.1 Reagents and INStrUMENLS..............coviuriiiriiieieieieieeee e 40
3.2 PHNCIPIC oo 41
3.3 Preparation of SOIULION .........ccooeveiiiiiieiiiceeee e 42
B34 MEROAS ... 43
3.5 Results and diSCUSSION............c.oviurieiiiieieiiceieieceee e 44
COMCIUSIONS ...t e 48
REFETEICES ... 49

Chapter 4 Other invesitgations on the synthesis and application of

metal phthaloCyaninesS....ccccceeceecoecsececcecsecsecsessessereecsosscsesasosessessessd0

Section 1 INtroduction ................ccooiiiiiiiii e 50
Section 2 Experimental ... 51
2.1 REAZENLS ...ttt ettt ettt ettt 51

2.2 INSEIUMENLS ...ttt 52

2.3 Experimental animals ...........cccocouirueiiiiniioiiiieceeeee e 52

2.4 SYNTNESIS ..ottt 52

2.5 In vivo imaging of small animals..............cccocoeveiiiiieiniiiee, 55

2.6 Results and diSCUSSION..........oeveviiiieiiiieieiiceie e 56

2.7 Result and discussion of the imaging in Vivo..........cccoceeeiieeeieeeeeen. 57

2.8 Molecular spectra of compounds synthesized.............cccoeeireieiieeirinennen. 57
CONCIUSIONS ...t 59
REFEIEICES ..o 60
ACKNOWIEAGEMIENES ... s 62



BooE R

F—T BHEEN

1. 1 NRBREIEEH

NNBE (Porphyrin) J&7ENNYY( Porphin) & _E4HA BURIE K — 2 KR L G411
PR B 19124F th Kuster$ t <PUmb g > 25 44, 2 1 A ki 45 1 A Faoe
M AR N, H #19294F i Fishertfl Zeile & B T & i B Nb MK (haemin), H: &5 14
ARAEsE,

MR 53 £ DY A IEE 1 24 0 S 1 o B 738 1L TS M (=CH-) A HLi%E
BRI AW . MR 26 a7, AN RSB R R, BT
— AT AR IR B LS o MM P 5 A P -1

B1-1 BRI R 50 1 45 4 7 i

Fig.1-1 Molecular structure of porphyrin

1.2 BRER DI R

19074 Braun Al Tehemiac™ 75 M A7 5% 418 Tk < L 2 1) A0 2 P ORI 9 51 36
BRI 2 T — R OB, XA AR TFR O B AL 5. 19234
Diesbach=5 A\ ™78 5256 i & I AT LA 48— i 5 A M A S b 448 R s, 1
7 AAT TR R0 IR 5 S AR s IR Al 4 QR i o mI S 45 AL HE AT 1 3



B iR

(i (RN SRl SO S T P G 2 R LB/ RGN 7/ D TP A S W <5 ey
$23%. JXFP L (O O 2 DUAE R O R 4R (AL 5. 280, PR R < s IO
WAL 9 [H % 24 Linstead ™ BAR AL 193345 ] 255 73 ridk B OGIE T 1%
KV gty , B EREN TR AT . BF T B A B
i B AT P AN R 1, RN BKE > 1 AR S L T A A . XA
5 RAR NN SEAL 5 W) @ K AR AR ABL, - P DLBRSS S &5 W SRR AR 2 DY R %
NIRRT 2590 o 19354F Robertson HI X £k (195 100 5 H T K S840 £ P 110 &
F A, IR SRS W IR S5 R R E

1.3 BERNW S VIR

k¥ (Phthalocyanine) ™", —MiA & DU IOk DU R AAT A4, LR
REEHAJE— A IR IS AL R & 18- LI KIRJLREAR &R, PRIk IL
TEEARRIA), FTUABRF AR RS . B DR E SR N AHAR B
AL B o A7, fEfrik Rl 1,4,8,11,15,18, 22,25 fifpii 1, AMMEIIFR B
fr, MR 2,3,9,10,16, 17, 2324 fifEli 1. fEIR BT LIS A& RIAS
[ FRY IR, 5 I NIRRT, IO ) ATE o A7 A v] BATE B A7 3EAT
PR (1 53 T a5 A an B 120 AEJLREACRIR O B — AN, I AR
2.7x10 "°'m. KT IRIBCAZZOR DY, AR G 57 1 MR AGES, R B o
TSl e N LT Y A = A T =0 R S (1 B2 e = < 1 S R = O U e P = I AN
B, YOI B RS 1) 75 145 SR AAEAR, DUTHARE AR S5 . IR AN R 48 2 )\
BCALIR, X PIAS 2RI 4 B IR I = BVA B 45 0™ o = A S5 K 7 1 ]
1-30 AR A M4 8 I 1 L nl AEAT RO AL, FROGHRI FCAR . JT AR ol LA
IRZCHRIEILEY), A CARIER D ORI TR 2 70 0. i b
WA, BRERTAE AT EJI.



B iR

—— 2§ 5

MN= N 25 3 |
b1 & 0
NH HM | 23 l “;:":M ------ N | 10
p n MIEIX Ju T

N N LT 14 13

= 1z 15

1716
1

Mefal free Phthalocyanine Metallophthal ocyanine

B1-2 A AR (1 00 1 45 A

Fig.1-2 Molecular structure of phthalocyanine compounds.

,—'&:z;o-ﬁr.f(:r )

RR R
BI1-3 = B 96 2 0 XK 73 1 45 1) 7 i K]

Fig.1-3 Molecular structure of triple-decker Phthalocyanine compounds

1.4 4T A KIBKE LS )

141 HAETBRELEY

A 8 7 195 B0 5K 5 A F AR i A7 97 e ey (VD K, DG b e O
ol DU i i PR A 4% . DU R AL w8 1 BKE r T A W -4 s . BT T
RS A2 &AW S5 2] 1) 2 BN AT o B 25 1 WG st R A 19 0 A%
P e B S, e A T W B R < e PO I E A ML E R



B iR

% :

= — :

05 | W—Aw~§l::kw3
\

S0,
Bl 1-4 PURHIE 58 BT I 454, M=AL. Zn, Cuf545
Fig.1-4 Molecular structure of Zinc phthalocyanine tetrasulphonic acid
142 B TRELEY
B 25 K B  2A b PR IO RE o A 1 v 1) PO o — BT o 3o AR R
H EIINH ¥ F A 75 2, 4 40 Mahmut Durmus, Vefa Ahsen® "% Fil i% 7%
BT S AT 4 1 F A 1A BH 1 I B IR AR K, e R R 1-5

SR ;SR'
S B :i—" i
b H {r'\ P
"4W¢“" NN
! S o
Rs{\/‘[ N—M—N_ a—SR Dimethyisulphate, DMF R'S‘@_% N—P:ﬂ—hl |}SH' 250,*
= 120°C, 12h = | g
N N N NN, .
Vol
c” ) )
\_1_ I \ I —
SR SR’
M= Ga(lll) p-GaPc M= Ga(lll) Qp-GaPc
In{lll) p-InPc In{lily Qp-InPc
W
R = 4 )
N:-'
R — \:;>
+ H:r
&H,

Bl1-5 BHE 7B G s £
Fig.1-5 The route of synthesis cationic phthalocyanine

BH & IR FAT MR PR RS, AR AR I BH &S 1 IR 19 S Seie =, i



E A

1-6 (ZR AT TR R IR RSO HH 200K TT TR B K 1R SC 3 4
HO o wrL, BHE BT 52 3 T ORI 1R .

El6ﬁ+$ﬁ %%A%kﬁiaﬁéTi&
Fig.1-6 The number of articles published about phthalocyanine compounds in the last

decade

15 BHERULEWINI R

TG BRI R A FCIC &9 R T ORI SR AR R T P IR R, AR 4y
TR A SRR A, W AR TIR 35 AN 35 T 7K R0 R 43 18 A L 771
T 5 552 B B 7 1T K 22 B0 R FL G /K I, 3R K 11 R T Tk 2 1 4k
AU, WO T KPR A B BT 2T — B2 BB

R VI TR IR  UBAIR . BRI SRIR D, H R W S MV i BLK
MkE, BRFF st e H B TR 2R S W i Al

O U R A S D I AR, NATTHE R 2R B 5 |\ 8 P OAS [ i AR
g, AR, AR, BERRAR. AR, miE. WL ORI A
1.5.1 ZOEAHE A Rk

250 LK FF (Metal-Free Phthalocyanine) EJ 0 A 4 J& J5L 1 L A7 () K 25
7r 5. Oliver S WHISmith T D" KRB IEA L T HoPe (NO2) 4o T HEIRAE
SR AR 3 A0 B BT ] 0 1) 2 o BT R PR T PR A0 2 o L5 it £ 2 )
1-7.

25 IR FEAE —E A N AEAE D I B SR 3X A 4525 Do Bk 5 A0 I 63 17
BT IR I, AR I S AT DUREGC— 5 I T BUS I B AR A, IR
PRI AT BetE o A8 /N, AT R KR BRAIREE R I A T 2. e DB 720630 )
J7ik (PDT) BN AR S E R 15 NS AR ] LK K S8 % OBk

5



e

e

AR, e LA DR 10 e I T 5 S T B

CISOH p-HOC, H,OCH;

HaPe HsPe(SO-Cl),

HaP&(SO,-p-0C H,OCH,),

RO,S SO-R

\“\%f”‘- (7
Y NH N=

HsPe{SOsR); = _\;2 N
H{).,sj/f ’ E\ESUZII
a: R FC'|.- b: R=p-0CHOCH;
Bl1-7 20RO FH AR SR 11 5 e o 45
Fig.1-7 Synthetic route for Metal-Free Phthalocyanine
1.5.2 &EBUELE K& L

% J8 K SR AL A ) I A5 BT VAR 2 BT R 1<y 7 v Bk, RER A
AV IS, PSR G . AR R . s Sk
S AR IR A . AROR R RIS N T, E R R R A
T, KGRI, BD IR, BGOSR A R IR L R BE R
BT IR X 28 /N7y 7 v B Bt vl DA 47 & A BOIR 3, DR b 5 ) e A v
PAGIN SR EAREE o HoG o7 vk 32 2 3 G BA R JL A
1.5.2.1 ¥R
—. VMUBRY4E47% (cyclic tetramerization method)

PR 1) BCHE F BB, SO DR AE&rids, B ER AR AT AR — € 4%
PEFRGR, AR IR ABOK RN AROR RS AROR BRI 1,2-
TURORER 1,3- AU IR . AR AR . % 4 IR R AT R G
(13465 SR ASERR S N, DR A AR EG T LA R RS AR A6 S, R A0 28— RIS S I = 2 de o
R o T S AR S B O AT BRI, — R 1,3- 2 2 i g
WRASEAR L o L0 2R . DUSUMERE A7 AE T InBAI R I vy SRAg 4 S ks

SCHR T LR B s A R T R 28— G Bl e 15 AWk /E 24T K. DMF. DMSO

6



B iR

S b LR PR R, AEATN ) < ERAFAE N 5 5 A 11 <2 s K (B 1-8)
P, HbR e,

@Br
Br
G 0
Br / [o]
\ i
CN
@: ——» Phthalocyanine <« HN>;©
oN

czz:ﬂ N

L.
&l 1-8 DU 525 BB 1 2% 2

Fig. 1-8 cyclic tetramerization method Scheme of synthesis of Phthalocyanine
—. BRAREREAE

WK 0 T8 BB JG 50N 25 2 Bl O, BAT AR B ARG e v, BTk O BROAR
FEAARAE T S AT o HOAR R e A vk BRI 2l SR FH S AV 5 e A 380 K 55 (¥ 44, K
FRH CA MR AL A 1, SRS AE R IR B gL & T 7 0 AR
2O A M BAREEBEAT #4019 BUA R B EE /Y H AR B 20 1. 7ERE AL
EFEH, EREE0REIR R SRR o T O TR T IR
Mo A8 T P O ECA R P T ¥ P A A o 1 e 1 e A T DA 3 ik R T
CE1-9). X APk G SO FEf o, ok m, ROVRE, MR, Kt
M b — R eV A K T 2 Rk B R OB o {E 7R SR R AR B R B S
TRAEAG I, 42 BEAR O] 11 BORE B 65 7 AR ARG, BROA FE R AL B0 2 A2 vh 25 7
PEAK, MR T SRR IR, WO AR A R v R I N A 7

NN AN
Q-0 —— (Ol | o
N*E*N NN N

qﬁ
BI1-9 Al A 72 75 s il PR 5

7



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

