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Research Progress in Synthesis, Properties and Application of
Subphthalocyanine

Zhou, Shutong Tu, Shengnan Gao, Zijian ~ Wang, Yemei™ Sun, Shasha™

(School of Environmental and Chemical Engineering, Jiangsu University of Science and Technology,
Zhenjiang, Jiangsu 212003)

Abstract Subphthalocyanine, as a typical contracted analogue of phthalocyanine, exhibits novel cone structure, excellent
luminescent properties and high flexibility of modification, which enables it as a new type of fluorescent dye with great re-
search prospects. It has been proved that simple modifications of the axial, peripheral or central ring structure of subphthalo-
cyanine can effectively regulate its physical and chemical properties, such as solubility, absorption/fluorescence emission, flu-
orescence quantum yield and singlet oxygen yield, and these properties have attracted extensive attentions from chemists in
recent years. This review introduces the structures, properties and research significance of subphthalocyanine. Then, the pro-
gress in the synthesis, the relationship between properties and molecular structure of subphthalocyanin, and their applications
in the area of biochemistry, material chemistry and environmental chemistry are reviewed emphatically. Finally, the develop-
ment status of subphthalocyanine is summarized, and the further development of subphthalocyanine is discussed and proposed.
Keywords subphthalocyanine; structures; photoelectric properties; application
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and subphthalocyanine
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Figure 2  Structures of co-crystal 1, 2 and inclusion compound

Reprinted with permission from Ref. [24]. Copyright © 2018, American
Chemical Society and from Ref. [25]. Copyright © The Royal Society of
Chemistry 2022.
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Figure 3 Typical UV/vis absorption spectra of Pc and SubPc
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1 CpRu(MeCN)sPFs RGBT — RYIE =4k
T (e 7 26 TR A o T ) 70 ) B A < s o ) I PR
38~40 (Figure 13), 1X = FlE Pk 2 [A] ¥ b 2B -0
Pk AN BARIE A . AR 38~40 (1484 &
S A AL T R B 6 B 5 AR 4% A 2 K
U P ERE FOGAEEBT, H T ERE 39 AT 40 WY
IR T 24 F1 14 nm, AT 0L 4 8 7 0 9K 75 (10 T 3047
284 XML IRE HR OIS I m L HE A 2 (1 520 BE A 2 2
45 TUBREREEAEASR

Torres 1 Gonzalez-Rodriguez 844418 T F
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i/ \i
’/\IN’;‘ R’
N\{\EH%//N &
37
PRV IAH 41 2 42 7T DU IS 7 7 5k 2 18] A U4
Te-mu A LA i 1 0 A BT (B—TF) 2Z TR ) £
Wt F 70 B AT B T AR Lo BRI R TR AR

REY)(Figure 14). 1@ %5 H G R RAE, B84
FHEWECE RSP EA MmN R — i ES, B5F%E
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38 39 40

B 13 L 38~40 14541
Figure 13  Structures of SubPc 38~40

WEKH AR L, RS H AR R ERE 43~46, T AT A AL G2 9 2K 83 (OPh), Ah U R 7

HEEAYERE, FE T AR UK BT A T gHE BRI, 2, BRI - (Figure 15). LAk
46 TWEEHEMEE-LEERNLR 5 43~4d6 L7 AIRISIE 53 78 565, 589, 593 A1 573

SRS B 6 R GO BRI ZOCRESFHEEBRIE TP ZE R, &Y
T B S 2 T LA L % 6 B B b T4 B AR R FA) 5 o S PR O 2 5 AR BRI R

IR4%. Shimizu TRAELIRIE 1 261 S A 1 ) S0 5K 75

M.

Head-to-tail columnar stacks

B 14 (a)ILPKTE 41 F1 42 AOZ5H; (b)IEAETE 41 A1 42 R R FERDIR IR S48
Figure 14 (a) Structures of SubPc 41 and 42; (b) model of 41 and 42, and the corresponding homochiral columnar stacks
Reprinted with permission from Ref. [48]. Copyright © 2020, American Chemical Society.
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43 =-§ﬁ | 44 R= 0o
[
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‘Bu
F
CN F
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CN F
F
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B 15 EAKH 43~46 K451
Figure 15 Structures of SubPc 43~46

Noll BRAEHSIE BT — R 540 EIE A 2550 F 55
THHRA WA 46~49, B SME SRR T 1R IE
W ZE AR, WERE ) n P A btﬁ%rjz DAl
46~49 7£ e b AN ISCE I 2%, 53 R 573,
617, 640 11 673 nm (Figure 16). 2019 4F, FAT L
RIE TAMEEA 1,3-ZHAR-2-BH(S2CO) IR P 5] 3. P9k 75
50 I 51 (Figure 16). ‘EAEL W ERIZRIETRIH T
S:CO T HES WENE PO EEMIE, FH M S.CO

R'\
X
&)
Y
R3/‘\/k\N/U\’/\R2

F

F /
N

47,X=0Ph,R'=R?= §</\E 1R3='§—

F
48, X = OPhR1-R2-'C© ='—:

F
49, X = OPh,R'=R?= R3—§C©

NS

s
50,X=Cl, R'=R2=R% = §C /Eo

51,X=Cl,R'=R?= RS—-C[/EO

Bl 16 LAk 47~51 HILiH
Figure 16 Structures of SubPc 47~51

Chin. J. Org. Chem. 2023, 43,2628 ~2646

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

LOpTucE R S N B2 Nl = = e e el T 57 Ne P e
3 S,CO s MK 75 TLHEIAR W F T 3KRE BRI, AT 50
FHLE, 51 AWK AR B A A2(Z) 53 nm). B EEAT L,
VTR 75 41 Bl 285 46 B A R DA S8 8 1 o P R

AFFFEN GO LA A [0 i ] A4 11 S0 K5 34T T R
NBFFE, AR HOG2A R, TWELH 4 A1 52~60 B A
[] F A ) ECAR 5 R A A [R] 6 il 1) I 67 5 4] (Figure
1715561 360 3 6 B AT PR R WAL AN R B3 ' it Ll 5 mT DA R B,
gy ) PSS A PR A [ VB /A - e Jof %o NI R 5 PR WA 4D 35 e
JEH 7N (Japs = 561 ~ 569 nm), XF & 5t B K 5 mi g kK
(Aem=1568~592 nm), 1X & [l % 1) BT ) L 45 4
PO A e W i BN AU S NN TR = 2
A S M iz aze /N o R AR 3L 1.

R 1 WERF 4 R 52~60 (145 SRl B 5K
Table 1 Structures of SubPcs 4 and 52~60, and their absorp-

tion/emission wavelength
i - B\ :\

Compound JAabs/NM Jem/NM
4 Cl 564 569
52 F 562 568
53 Br 566 572

54 Fol oM 561 570

55 -§-o—©—cm 564 571
56 -E%Q—om 567 575

57 -E-N® 569 577

58 'E%Q—NBUZ 566 581
59 -E—Q—o\/\o}f'ﬁ 562 571

60 -E-O—QF 563 592
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5 TBENNBAMR

BEE IR A MR AN BT IR N TS, HLAE R
FH 75 T AR 5t bk 52 2RI AR OV, RS
SR 7R S5 R B AL S B = H R A R R R
ARLE. SERE R, WEKE B A S s,
B n S ik R K G AT A, AP TE R b
BTSSR, T HAEDOGIREE . AR 5 Kb
BHb 2250 2] T IR,

5.1 LEAFEMRMLFESS AR A

VK5 AT A2 40 B T ALK BH A Rt (%) BF 75 A B
WeARIE. X2 TR B A DAL A (D)X R 4
ey P 16 BRAZ A R DA 45 3 LT B v o i LTE (HOMO) #
BAEA & PUE(LUMO), A HBE AT DAAE Sy - Ak i ]
DI Ay HB 7524 (2) K B HE T S5 R 980/ 1 431 ) 1)
n-nHER, SR T AHAR T B A R B AL Ay, AT
Tt T MR T R AR 1 e (3) ML BKE 7E ]
DL XA HE R N, 5 K FE G i AR DT,

2006 4F, Mutolo Z502152 4L G4 ik / & #)di (CuPc/
Coo) MR K, RIE T LAEERF 4 Nk, 806N
AR RZ 55 45 WK PH RS Fiith SubPce/Ceo (Figure
17). F 5838 R 0 A 75 L AR K 3 2 A SR AR HOMO #1L
8, WK S5 B B A RIBR(,=1.9 eV) K T4
Bk 5 & G i A IR (.= 1.5 eV), X5 EAMTM Ve
{EL 3G R — 20, B RS R (Jo) AR R A A8 AL, TR
FiTH] A1 B DA A S T B R e MER R X R AR
T8 R VA ML P RS FE b P S T RD B L B8 F R A O F
AR AL T LS.

AHUKPHRE b AR MR E 2, HEENZ
AR 20 ), 48K 2 308 =2 LU 9 N 2 A6
KBl BB E V2R, (E L] R e 2 DL
feall, ZERMELMEE . Ak B Bt A DR o
g, —eEfRRE EIRI 1A HLAKPH e b R ik —
R, WEKTE 5T 6 BRARER, 58 1R Ah-1T I
MRS B S R, S5AZ A AR EHITEE, T
TERAE AR E B RGN T AR MR 22 i
9. 2012 4F, Jones BRARZIGIHRIE T LALELE 4 1F 3244
PERL, FHE VU ZRAE s ARl i) % 1) 5 7 o 456 LK BH e
LI Tc/SubPe. #H LT CLE Bhid /R RS2 BL I Te/Ceo
Fit, Tc/SubPe (1) I, 34K FET IR 1y M Voo (E
RETHT, HOGREHR RN 1.8%5E 2] T 2.9%.
[FIAEIZ R A O T AR R0 BN B A RS g
TS24k, AR T AMELRA SN SR TR RRE T
1) 30 #1161 (Figure 18). 4N i )5+ 1151 AKKEEFA
TOEBKE s fEYE, BRRAR T H TR SR EE R
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R SR
1.6 eV
(a)
BCP Mo
ITO
6.5eV
1.6 eV
(b)
BCP Mo
ITO

6.5eV

B 17 (a)fAk 2 (b) LR 4 1F AR T 2 8P Redor
2 [&](62)

Figure 17 Schematic energy level diagram for devices with (a)
CuPc or (b) SubPc 4 as the donor layer

Reprinted with permission from Ref. [62]. Copyright © 2006, American
Chemical Society.

c. ¢ FEOF
cl |
N/ N N” °N/"N
| B \ i X \
S8 N
cl =N cl F ) <N 7 F
cl 30 cl F 61 F

B 18 WL 30 F1 61 (11454
Figure 18 Structures of SubPc 30 and 61
&, AR A S 0T A A LK FH g FE i (BHIOSCs)
R S () L S2 AR R R, HOG B 3R TA 3] 2.68%,
U] TAHEL S B 80, R N AR A B EA PR RH
RE AU B FHAEAE T ).

2014 ££, Heremans BE@UZH IS4 T WWBKE 4544, 15
27 LLEFRE A2, N REVE AR B 0UZ K FH B
HLith 0-6T/SubPe/SubNe, LA MZIER] 4.7% (Fig-
ure 19). HLEKTE 4 5WZEF 62 45 G AR, /N5
W VE R ARSI £ = 2P SRS, Dt R R Is 3 T
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BCP
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B 19 (a)LFk#E 4, W2EH 62 M o-6T F14544; (b) a-6T/SubPc/SubNc 4 R &5 /R &
Figure 19 (a) Structures of SubPc 4, SubNc 62 and a-6T; (b) Schematic representation of a-6T/SubPc/SubNc architecture

8.4%, 1XJ2& H Bl s 1) YL EK 75 4 & A N 52 446 il
& WU PH B8 FRIB T BT R 1 21 1 55t 16 FLU G 45 R0 3R 1690,

2016 4, BORMESECO A BERAE, Wik Ita 7 g4
AREE B NN R, AN () ) AR B R 4
30 Al 63~65 (Figure 20), 1E AR TZAMEL ST
JER B2 v VPR I A ) [ B BAAES T LUMO BB,
LA T ATV R AL BRI 2 AR AL AL

;/ \E X
Ay
\ NfB\N' /
cl SN cl
cl cl
o_
30, X=Cl s3,x=~§-oQo—
o_
R F
64,x=-§-o—©—é 65,x=-§-o—QF
FF

B 20 WAL 30 1 63~65 451
Figure 20 Structures of SubPc 30 and 63~65

ZARFNELE 774 30, 63 Al 64 5 & BiaSA Rl
A AT FLE (Voc==0.80 V), 1M 65 {1 HOMO ft
RN LUMO RE MR~ Z R AR, M
MR EARN Voc (0.50 V). 18I Hff 2 T 1 4E %
PR, BT H5 oy FRAES, LAIESEZITIT
WA, | TR T ITRRE, e E LR A T
A RLAR B, 33T % RS E A BRI
K7 (FF<<0.5). BtAb, SEERTFE 55 ) BOPEE i 12 5 A
[R50 2 % FELAL PRI R /AR SR R 5. LA SubPe 30 452
&, PTB7-Th &34k, B3 9E s Bk 2Rk 4
A 5 o 45 G LK BH e FE IO AR (LA B 31 4%, Ak

Chin. J. Org. Chem. 2023, 43,2628 ~2646
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BT RCREIE 60%, JtH SRR SZ RNl Al A B2
DUER. TR WERKE 2 T4 E B B2 M B E A HLK
FH B FELth Hh 9y 75 2 Ay (5,106],

A G B # AT DL S H S A HL OGN TR 4SS R
NP ZAMRL, 38 B RZ (PD) B A R 1 L
RE, AR AN BE b 0 B2 AR R R, SR T T
Ay AR Y el T R i Y 2 (A S R R = o Ti7]
il 7 FE T AR S R TR KR R BRI — ]
W, 2018 4F, S8 UL LL HAT HE 45 0 1 T K
VERH O, = ANTE B Z 73530 51 NS B 75 41 6 1 =
MR b, GRCT AEE #1532 KL SubPe 66 (Figure
21), SHHAMBIERSY) PTB7-Th FLIRHI& 4K 55 45
BE.

Z R ALE L X SubPe 66 11 S AR 45 1) 4 Hr 48 t Ak
PDI 0 5 W K7 [R)d ok B Al %, Pt e 4% 15
PDI . u AL # AE 7 T M, A 2SS PDI 4y
TR EIHER, 5 RT3 e R R A B A 4
2. b4k, SubPe 66 E A S LUMO ReZi(—3.98 eV),
RE ok /b A f A0 2, MM LG B8 i 1 T I FE R (0.89
V), HIGHEBERER] 4.53%. [FEIZIEBAHCHLRIE T
DAL ERF A%, 7EHAME 51N IC uide, 4 7 AR
FHATHA) SubPe 67, HEA L 66 LR LUMO ReZ(—
4.06 eV), MIRFERI DT, (FHAERZEME, 5
PBDO-T #5444 b} 3% ] 87 F T 44 b 57 i &5 X BH R HaL it
AR T H A B L, Ok R R AR I 3
T 4.69%.

TESE TAESEA B, 2019 4F, T a5 e 4 0l ik o)
S-SubPc-PDI 66 47 IR [ B, 193] 7 HA BRIk
AR EREATAEY) SubPe-3PDI 68 F1 69 (Figure 22).
K FLHEE A ZA SRR A2 T 4088, TR
R OIS FT i 800 nm, X A BH Y6 HLAT B 4 R AL

ZIRE A DL LS 68 F1 69 43 MIVE AT ML
PBDBT-2F A4 1Ak %A ALK BH 2 Hith. PBDBT-2F
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CoHs
PBDBT-2F

B 22 LAk 68. 69 Fl PBDBT-2F 14544
B 21 WK 66 A1 67 (145 Figure 22  Structures of SubPc 68, 69 and PBDBT-2F

Figure 21  Structures of SubPc 66 and 67

VEREARREL, HABAKA HOMO A2 A1 LUMO R4, O M=0
SN —5.45, —3.65 eV, HOLEEWRILTEH A 300~680
nm, 5 SubPc 68 F 69 1= UHE B ANAE, REHE AL
bR FH 5 B O B A PE R B . S 28 AR R RN 52 AR K}
JRELEA 101, BEEEINFAR S E08 1% 1,8-—

il S e I, A4 S A A LK BH RE A Tt 1 PR RE S L. BA °
SubPc 68 Ay Fi 32 AN (4 A BH B FEL L AR T % R 09 0.97 Nr

V, FEHRN 14.10 mAeem2, HEIEK TN 55.04%, B .
KRN 7.53%. $R1f, L SubPc 69 NHLT52 70,R= 71,R = /‘“““\ 72,R= H TN
IR 5 LA il P i 2 B0 2 6 B o A s Pl
P A 11.05 mAeem 21 4.63%. R R I o
B, T BRI R, R BRE AN AR
YL ¢ 2 T B 1 A o T AP K .
2019 4, FEIEIAETOAL LR AR T — &
B A TG T 5 T 450 P 2% 25 70~74 (Figurre 23). T _ E23 WAL 7074 B95HY
W ERE R TR A, BT AR, Fleure 23 Structures of SubPe 70774
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DLSRAE A AL S ARSI A 0 55 1 52 A A kb )32 A
FC. TENERE B B-Ar 51 N Bk 0 % 5 [ f i e 20 %% T
20~30 nm, K T 2 F AR 5 A PLUE(LUMO)BE
H(—391~—398 eV), Wk T 4> FHZHTFHAES,
[ A/ B e BB 1 5 N3 T IR 40 7 v R, A
PR EERFH 53+ 0] DAE AT 1 fe T 52 4.

AR IR — R 5 AL 72 B BRI R
UG fic A1 B R R UYL 1) 26 A% PBDB-T-SF. PM6.
PM7 £l PBDB-T-S /E A L F A%, 2351l 5 0 BKE 72 il %
AR A IURPRE . L REAEMS 72 2
IR BN 10 010 B, EATRIEE P RRHRE S 1-
HLFEAL R 5N 2.56% 3.63%- 3.42%A11 2.90%. 4
PM6 N HLF AR, BB REY) PM6 5 72 Z [AIf L 451
PR INAS TR PR 7R n ), ] AR B2 K BH e S 1 1
fg, PM6 5 72 Z (M FI RS LB 1 2 1, HIEm g
PRF BN 0.5%00 1,8- il =E Beit, %4 HLARHfE FLit
1k RE AR AR, G ML SR aT LLIA ) 4.92%.
52 TUBREEEYEZFTHAIRA

TR AE T o R AR 20% LA F, IR R
L R ) R R BRNA T AT LA SRR 2 =
Pl 0V AW AUNEN oI A =p b (i7 NN R ME i
AT B, M TG RT . T, Bf ik

EKH & TA s, BT R U R SR W e A ) T
[1(700 ~900 nm), E A 5 & 8% & T 7 % (D =
0.20~0.90) Fl B 25 35 46 2 1 77 #6(Pa = 0.20~0.50), W]
PUIE I 2 e A R it A T2 W, TR R s
FAESB) 33697 e

2018 4F, Torres B ZHIPIE BARIE T — R 5157 2
A AR BRI B E 75~77 (Figure 24), EAI4E 570

R

éé X R1= S~
A

IN’B‘N| R*=1
720 35 N W/
R = N — R

(6]
: S ¢
0 BOC

78,R=R' X=X
81,R=R? X=X

79, R=R'" X = X2

82, R=R? X = X2

nm 7545 s H R Z 9 (P =0.29~0.38), HEHK
LR SR TP (D =0.37~0.56), H 624
KAGEN TG T IR O E A . fE4H M E T b, BAE 0
J& HeLa 4H A 52 ke SCC13 4R AR, VK 75
F 76 T LAAR G gk N i 5 e 6 7E S B AR, T K
77 SR R I AT AE AR A% . 2P i DY
R (MTT)EL 354878 T SubPe 75~77 FeA 485
AJ LA 2 HeLa 400 B k@ SCC13 il & % 57
JE A431 AR AT AR, iR L, %
N EEKTE 75 A 77 SRR BRI R B A431 R
H T SRR B 1R T R

XoF S T H5 445 A0 PR A2 A T DUAE L 7 0 K B IR FE R
ST P AR B OB R TE. 2021 4, Novakova 1R fEZH 7
RIE T — RVNVIME A A RIS, FhaEeh ok PR
Fig(CE) 5 & 20 B8 F R (Tyn) L BK & AL &4 78~85 (Fig-
ure 25), FEHFFT T IR LV ERHE 4504 5 B A SR DA

}g X
N NA
IN’B‘N\
A0 o
aaY

o
75, X= -§-0\/\S/S\/\o)‘\/\*

oo
76, X = -%—o 7
SSN GO
O

77, X = -%—o\/\s,s\/\o)l\

Bl 24 WEKHE 75~77 M4
Figure 24  Structures of SubPc 75~77

R F
F F
T\~
L
R \ N'B\N| ) F
F SN F
F F F F
oY
0 o) o)

o/
80,R=R' X=X 84, X=X
83, R=R? X=X3 85 X =Xx*
Bl 25 LT 78~85 LK
Figure 25 Structures of SubPc 78~85
© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences ~ http://sioc-journal.cn/ 2641
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iR SR

RGBT PR Z R, RIS HR S 14 50 5
RO ANk SV YN v RS -2 150 NATIE T [ IVA N
VRCIREL/N. A B HUR S R £ 35 (SEY), Hi ) 2R It
18-76-6 (CE) &2 IR F g (Tyn) BOE A U T kA 1 g
ZRR T R (TryBoc)), EFLF 78~80 1£ £ 1 A1 VU & kR
WA RN T BRI KT (Pr=0.16~0.21)F
BRI PR S (P =0.49~0.70). A EIELAR I
BRI, BT E R RN, AR 81~83 K
B 2 2 AR (Pr=0.022~0.041), (AT BH 25 %8 i 1) 2
LR EHR(Dr=0.29~0.77). LHMEBULE -+ =4
BRI, WEKFE 84 A1 85 KRS (Pr=0.011~
0.090) FH L 2 25 5 7= Z A AL T AR 7K P (D24 =0.056~
0.19).

N TR EAE3N 7116 T7 R, Novakova
PR H 9T T R EKRS 78~85 7F SK-MEL-28 # HeLa
1 B 1 24 W B ROk E (ECS0) R 4 i) 94 B
(IC50). SE& woR e Eh 7R I7 R 5 eI H) 2k
BEMFREIEMR, YREEAFE5T 0.5 B, T
Fk# 80 7EBVERE I SK-MEL-28 il i Al 5 3
HeLa 4HffdHF R BLH KA ECS0 {H(4 5N 2.3 F1 4.4
nmol/L) A4 =1 ) 1IC50 fE(43 71 9 14.49 F115.25 pmol/L).
[, %R 5B AT LS N B G, e
PLAEIETER AR R S H aR U 2, I R e YE I e
AT DA (4~8  h) S I8 £ i (g R T B3 e X I
Pk 5 45 K B 1 T LA 250 1 L R e Tk R S R S
AU, RGBT AR

2022 4F, Torres AR SIET 2 fi 1) TAEHRIE T —
b 5L A P 2 1 R G B B 86 (Figure 26), #RFEGIA
(5 & Bt — Jy TR R T3 s K, 59— 7T
5 1 FL A 3E i P AR B Y. BAWISEYE SubPe(PEG);
TERREMEIR, #— % T BA RIGAVHEER
AT T 9K kL SubPc(PEG); NPs. DL E 20l HeLa 41 it
FE HepG2 AHMUAEAERL, 7E4HMZTH FI0IE T iX
TR ORLAE 586 B 51 S 6B TR T IR, JHdRE
T HA IS LR, 1Z RS 9 KR SubPe(PEG);
NPs 540U & 24 h J5, 705 AR, ZRRiik 2 P
JR P 53 7 SR o A i AT G, il SR SR AR IO
S U 215 A 4 K 50K SubPe(PEG); NPs fg i #E2 ]
SENAEIEER A, BEAh, 41 S50 3R B K7 86 SREETE
FSCER 43 A9 K RIUOREL G 56 6 R AR VR R, 2 4 KRR
SubPc(PEG); NPs idid N4 E NG, Ff 58 AL rei
ity A J AN W o3 A R o0, OGO E e O, PR
SR P 8 B B s A R R AS A AR R, B T R BGRIAE
BT IR PR R SR R M RE . BE S, 1R —
B MTT 4877 T SubPc(PEG); NPs it =4 gk
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AN E 2 HeLa 40 B A i HepG2 40 AR ™ AE A T
YERL, #8757 SubPc(PEG)s NPs X 87 41 i B A %5 i 1)
N R

R

ggF
NN
N/B\N\
\ <y / R
R 86

O\/\O/\/O\/\O/\/OH
R= -E—:_Q(O\/\O/\/O\/\O/\/OH

Bl26 LBKHE 86 I
Figure 26 Structures of SubPc 86

2023 4F, FATRBAUIE 1 T — RAVIME B A A
A AR J2E AR AR B 87~89, JEHFFT T EATM4H
Ji RA% 15 F (Figure 27). % SubPc 87~89, Hoechst 33342
F LysoTracker Green DND-26 4375 HeLa 41 i L0575,
O BB IS E] SubPe 87~89 TE4H M H I
& 405 . Hoechst 33342 Fll LysoTracker Green
DND-26 43 5l F-Aric HeLa 40 A A4 B A% FIA B 1A &
SR (B RN S 058 . kb = 41 R B R X L K
H L %% 6 5 LysoTracker Green DND-26 HI4k (217%¢
e ARG SR EL I A 9O6(E S, YIRS SubPe
87~ 89 i i 4 1L A 77 A I A DR A2 5 Wl A o 4k 820
SubPc 87~89 5 HeLa ZHUli¥ & 24 h J&, &0k
FFIEH, Uil SubPc 87~89 B A RiFHIAEMIMHANE, 7£
I L AR ST BRI 7).

Decreaul””) Kim"$ IS5 B2 k& T — R 1) 41 FEl 5
BB ECE AL S, FETTT T G AR A EE)
JIIRITIRBCR. 30 VP 75 45 1 110 17 BB A R DA 2%
R HOKIEVE . JORRTEAC . R TR AL
AR RE, TSR Z L2 LI R 1 1
UGB R AR, P U AR 2 — RO
FERDGHGR, AT LSRG AR 51 36 Eh iR T
53 WEAEEIRE (LIS R

V. P 7 A58 A0 2 Q0T ) I P 3= S AR e A Ao 0
IEAEM ST, FAE 2005 4, Soto A5 RkIE T
— B e Rk T VA R R U T (CN ) Y E AR H 90
(Figure 28), HAMHEA K+ - ARE T 7 E#
Pk, £ 300 A1 550 nm A& %R H RS, BRI RES
RN HBRFL AL A0, FEAN RV FE ) SubPe 90 V5
T NS 1 J5 A IR ST e 8 S 25 T B, HLARR W] VAR

Chin. J. Org. Chem. 2023, 43,2628 ~2646



Chinese Journal of Organic Chemistry

REVIEW

Cl Cl

F

SubPc 87

SubPc 88

SubPc 89

Hoechst 33343

H;CO  OCH,

Cl
Cl

Cl

Lyso Tracker

B 27 (a)ILBkT 87~89 MILEH; (b)ILEKTE 87~89 S %ML GRS HeLa 4N & 4 h J& M4HH Y 1506
Figure 27 (a) Structures of SubPc 87~89; (b)Visualization of the intracellular fluorescence of SubPc 87~89 (after incubation for 4 h)

and various subcellular trackers in HeLa cells

The corresponding bright-field and merged images are given in lines 1 and 5, respectively. The figures in line 2 show the fluorescence intensity profiles of
87~89 and the corresponding images of Hoechst 33342 and Lyso Tracker Green DND-26 in lines 3 and 4, respectively. Scale bar: 5 um.
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Figure 29 (a) Structures of SubPc 91; (b) The absorption spectral change of SubPc 91 upon addition of tetrabutylammonium fluoride
(TBAF); (c) Absorption ratio of SubPc 91 between 696 nm and 565 nm to the anions; (d) Normalized absorption spectra of 91 in the

presence of anions
Reprinted with permission from Ref. [80]. Copyright © 2007 The Chemical Society of Japan.
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Figure 30 Structures of SubPc 92
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