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Abstract  Photodynamic therapy (PDT), as an efficient treatment method, has the advantages of low toxicity,
non-invasiveness and controllability, which has been widely used in the treatment of proliferative skin diseases and tumors.
However, the reported PDT photosensitizers still face many challenges in practical biological applications, such as the effi-
cacy of PDT is significantly reduced by the tumor hypoxic environment; the poor targeting of photosensitizers can easily
cause damage to normal tissues. In order to solve the above problems, researchers have proposed many effective strategies to
improve the therapeutic efficacy of organic photosensitizers. Herein, the structure and property regulation strategies of or-
ganic photosensitizers are reviewed. In addition, the practical applications of photosensitizers in antitumor, antibacterial
therapy, and afterglow imaging are introduced. In the end, the design strategies of organic small molecule photosensitizers are
summarized and prospected in order to promote the development of this field.
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Figure 1 Schematic illustration of type I, type II, and type III PDT
mechanisms

B PDT Jrik M LIRS B @ 5k 1R 7 A1
68, (22 Baltegin PDT KIA IS JLAS 321
P, FELAT 1 FLlw ARIE NI, B0 (1) bR ek B Al 5
) Z EIABLEFE B TR T BORBZESL, (2)# el
FIBRKESE . AR FEREARL, HHRREHTRERN
97, AFITIRZE BT Q) EEGHA R A
PR FEAE A AT ICTR R A AR X, 3 R H 441
R 1521,

BER AR GG RGRI L B I RE PR A7 AE BBk, WF 7
3R T AR 22 SRS R BRI S e, i, (1) 51 A HLJE
T EO R RS B RO RO BORR I e O =
AR (2) T AR SR M) YR IR = SR B2 R B
S WA BB EGR, sl X060k, 18N
R G HEIRE, (HECBGIE LI N, F
JH 5 P 38 200 2 T (1 32 R 445 45 R 3 i e R 0 e 4%
Ve, BEBLTHIGE ROGRIGR, AL AR IR b e S P
KBRS HEIR YT . BAR A TN 4R T/ TOLBGRI
R LR EE TR T EEE PDT ACR, 2RI MAT
BUICHIGR B 254 15 1 e 1R 205 T A2 45 LG BGR AAt

Acta Chim. Sinica 2023, 81, 1642—1662

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

T L RAER B, EIXRERET, FATM PDT 65T
Pl J PDT JriiArAEf BN T, g5 1l 7 145
P Z R ESGE A BN > TORBORIVERE RN, ZRi8 T/
Oy FOCRGIAERR IR TT  PURPURRRTT LSS W ldR
N R (T 2); dJm PRT T % AR A A 1) ] A
FFxr H A S R S AT T R

Bl A
7R ﬁﬁﬁ}* Rz %] —E j(£353
ARNE AR \ / I 24

Gk 5tk
e
; 7 7 !
HHER AT BN 24 P
. e D-A - o EPRZ(M
Cwhae LR S
. LT o iR

B2 ANUCEONE S P R K 12T R A
Figure 2 Summary of structure and property regulation of organic
photosensitizers and their application in light diagnosis and treatment
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Figure 3 Photosensitizers 1~19 based on heavy atom introduction strategy

1644  http://sioc-journal.cn

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

PDT fRF 250, 20 i R 4 2O o o ol 1 385 48 5
B TH T — &5 NIR AL YR 17~19, DB # 4%
(ICG)NZ%, iHEH 17~19 [ 0, BT/ H0 %R
0.9%, 2.5%F1 14.8%, Se J5FHI5I N KIEEE5E T 165
BUBLE) SOC, #2fm 1 SiAF| T AR RIS BEZE, 10,
AR RCRE ST 3N T 15 £5 DL (& 3).

BEAREE 75 NG5 T SOC, HE R FEA M
M E VAR IR KR EIRE T EAIEEAEM R G
12 B3,

2,12 Har—HiE w45 R E) E A& (SOCT-ISC)

%R YICHGAE A B LS IRFAE: (1) Btk
(DYRIZZAR(A, 8 2K O B %AME; (2) D-A fHEIE
Z(E 4da). TEREORTT, XFIBBOIRIL—A6T, BK
EH] S RA [A™-D], AJEIEE LSS HETHEE(PET)R
AP LT 2 B5(CS), TERGERME CS CIRES '[AT-D T,
FEAE ) CS IR B J5 40 Ffif E2H(CR), J@3d SOCT-ISC
BLEEFE R TOIRA [A™-D], XA EREF, Ri#T S,
BE T\ SR EEEPN(E 42). [FE, 2T SOCT-ISC

CgH17

Acta Chim. Sinica 2023, 81, 1642—1662



(@)

S, '[A*-D]

CS stratel[A--D~]

T cs

g
= CR(SOCT-ISC) T3[A*-D]
=
> 10,
=

30 )
So[A-D]

R R=H 22
R=Ph 23
R=0Me 24

afterglow PDT

Bl 4 (a) SOCT-ISC fHLHIR K. (b)JET SOCT-ISC ML L5 20~30
Figure 4 (a) Schematic illustration of SOCT-ISC mechanism. (b) Photosensitizers 20~30 based on the SOCT-ISC mechanism

(RSB BB T &7 fr, R R 78 AR
IR, tHEe A SR AR M4 10, Bl Al
ROSB3I,

filtn, BETFEEBPIE CyS By Ar B 5] NBRERZR AN
B, WM T RA L EE 7 IR 20~24(&

Acta Chim. Sinica 2023, 81, 1642—1662

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

4b). Horp, FEIEEEURI Cys AT 24 RILH =
1 10, P2 (11.2%, LA ICG NS )L KT T) &7
#r(91.32 ps). S5 Cy5 F AEst (1.513 eV)HIEL,
B A AR ZE L B TR 3G, &9 20~24 11
AEstiZ A%, Hrp b &%) 24 1) AEst A 0.384 eV. H

http://sioc-journal.cn 1645



oF ¥ R

T 24 1) T BFFaA A, EBREFM N AR &t =4
10y, 1438 10 SR R 1 6 VR IT e 7, A 4 B
. SRR & T — R T SOCT-ISC HLiil %
7] 25/26 (1 4b), 1ZLEGR L. BODIPY 1E 9 HL 13244
(A), BEERFAEAMARMD). H 1,3- 85 5 R IRk IR
(DPBR)#&I, 1545 53R 0 25/26 4 5 245 108 us/81 ps
K T &A1 0.51/0.46 (E 10272 %K, BT T &%
A, 25/26 FEBRAEIAEE T RIS 100 AR B
#(0.47/0.40).

WIE, BAYTENEERERBFE SN 10,
A R AT SRR 2RO A TR UK AE IR N,
BRI S AR T, B0 I S AT AR A
9 — P B A T4 B B RE T T B RLBTL BT LA
WL A=A 10y, B LVTFEA RN, 7E6 R
T, BEHS '0, 2 RARNARN S ELY. M
&b G, WidEMISS I RER T4 10, I
FRAE ORI, T SREL 'O, FEFRF=2E, 1958 PDT A5R08.

BN e 2B S i T —Ff BODIPY 4kl 27~29(F
4b), FERH B R Th A 1L BODIPY (29)4& —Fh = 2416
FRFOREGR, nTAKE 'O HEAT AT SR AR . 7E
AH e, SERUEY T F AL, 29 1) 10, RN
60%, 11 28 N 8.3%, 27 N 1.2%, {FE KX FhEL R F
SOCT-ISC. [Alf, T REEIEIA, SLHT 10, MIEH ™
A, KKRIER T PDT R, #4) A %1%} BODIPY #HT
T 2B, Wk AR T MR R T E R Ok
1877 30 (P 4b), 2552 s B IR T HLIES Y. 78
R TR, ATLLEE SOCT-ISC S Ak kit 3 T, 4,
Forp B AT DO REOC RGN Ty &%, 1 HiE
A AEFRFZAE 10, DA F R BE (MB)YTE St IS5 051,
135 30 1) 10, = Z N 0.62.

SN *_N
[e) / O
N\_\ /Kl ]
o / >B<
N’ N F
o 7
31

2.1.3 awAisliey A EAAREISC)

AR, 2,2,6,6-PU FEEIRIE JA 4 2L (TEMPO) 4 iE
B2 —FpAase It H R, IR BB i N T 155 1SC &L
K, NIMBEGE 10, P2 R 4420 ol 2 S5 4B1% % BODIPY
1E RG], TEMPO 1E H B2, KX A~ HoGiE i o5
i R PDESE LR, AR T BN 31 F 32(K 5). BT
B, HERREREN, ETHE"E8MKEE5EHEZ
5] FA) FE - e A ELAE gt 2= AR5, 1SC MIRCR &8,
Fi DPBF fall &A1) '02 72273 708 14%41 56%. X
B —NRTEEA B SR I R A E(REISC) &M,
M EE R TR e 7. EX 2 E, hAld ¥
TEMPO 5| NZEBEV e R i) & 1 120G BGR 3314 5
K5I N TEMPO # Lk, 33 (P NEFIEH 2 (3%). HKR, B
110, 725 50%, TR IR R 2%, RERESTFE
T FUKE VT LLAMEE ekl 34, A5 TR 10,7
RAVBAC 4l i s B0k, 7 Cy7 M R AL SN
TEMPO. T HHERAREETIN, 77 BA KM
FERE AL FE (=100 nm), I HAG IG5 | 5 8] &L
H, N 7T KA RS, LA MB AL, 34 (1)
10, 723N 0.2, 1 Cy7 I 102 F= AL 0.006. LAk, 52
FREWIARIE T —M H 2 TEMPO &1L #
HeEF 35 5), ZFA/ESI N TEMPO H %5, '0;
FERIEE T 20 f5 A L AR, 35 W] DAAE Lk A o A RO
8, 774 ROS B3 4 i A 2ok A i LA, 75 3 48 i 17
T
214 BEERETFRS

B 7 DA B JURR DR VR4 B B AL, I8 V2 HoAth
TS PR F AEst RIGTREBUSCER. HAERNESE A
DAZRE Rk, =Ibne 2 B H i % 7 — &R 51 D-A B
A 36~40 (& 6a). JEILXAZ AR BT N-FAE

R
Oy N.__O
N
o T T
O~ N O

33

Bl 5 kT REISC HUHIRGEGH 31~35
Figure S Photosensitizers 31~35 based on REISC mechanism

1646  http://sioc-journal.cn

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

Acta Chim. Sinica 2023, 81, 1642—1662



A ik
(8)  ACO_ A AOAC  ACO_~ _OAC  ACO_~ A~ _OAC ACO N OAC AcO o~ OAC

36 37

(b) Nl

N
) OH

O

43

QNwl
. OH

40

44

(c) } N N O - @

(R'=H,R3=H
45

48

=
ri=r= ()N s
O

(RO=H)

(R3 = H) O (R*=H)

46 . §_N<:>O
O

(R"=RZ=H)
49

B 6 (a) D-A BUBHEGT 36~40. (b)5I AAF -2 {41 AIE HHGT 41~44. ()= BODIPY ‘HELMFLHET 45~49
Figure 6 (a) D-A type photosensitizers 36~40. (b) AIE photosensitizers 41 ~44 containing different donor-receptors. (c) Photosensitizers 45~49 based

on BODIPY skeleton

A&, 349 BT B8 70, W1 DU R B AR 4 1 1)
AEst, M 10, 775, N-F 34K (568555 39 F1 40 1
5 P HL R 77, AEst 739008 0.736 F110.752 eV, 1A
R 36~37 1) AEst 737 8 2.492, 2.211 #11.083 eV,
DL MB AZ:H, GPKEEEEH 39 5 40 1) 10, =5 0] 1A
0.401 F10.355. JEALERIE 7 — RyEL = D-A 54
FESRWk /N AEst 1 REFE T RIGAIE)LEG 41~
44(&l 6b), i IE Hfur [RTALL I FR IR 20 D LT B2 44K,
e 5 IR SR TR L 41 B 44, TRSCRT
RSP K AR, T N A R AN (ICT) IR
RGN, 44 1) AEst /b, X2 BT R RS2 AR N
SR, 10, PR HI L 41, 42 K1 43 15 7.6 f5. 2.4 fE A0
2.1 f%. Yoon WG T —RFIFT BODIPY ‘& 4L
D-A/D-A-D B 57 45~49(1& 6¢), 5 AAS[F] AL H 1
B, W AEN S T 24K BODIPY 454, HREH 45
Kok ICT HES1, W/ AEst. 4015 48 F1 49 [ &
i 43T L (HOMO) A B I 25 43 T $13E (LUMO) 73 £ 43

Acta Chim. Sinica 2023, 81, 1642—1662

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

B R, X6 T IR N AEst BEORE T, HAEREM
&, 5 DPA(ZHFL)F Cz(HMe)FHLL, PXZ(W3HERR)FI
PTZ(W; MER) /& 38 & ML 7 I AEpk, Refs W88 7N
M ICT A2, &L TRE I8 N, 45 3 49 1¥] AEst
A 1.31 2] 0.44 eV Z#T NFE, WEAH 10 72 AR
B2 10, =258 0.68.
215 RAMWRAB M

HHERGYE A n- LB 2L KT, HARRRM
SEREREAN BT B HE B VR 22 BE 4010, i A 6 1)
ey T DABRIREEAR 1) AEst 15, BRI T HREGRM S A2
T, M RAVEER, NI EAHESERN 10, AR 1B K
t, BR TS B Ty B JEGA ISC i FE 4N, a] B Ak A Hikth
— e M S A FIRE T &M ISC AL, FNEANTEA L
MIRERAE 7a). R, /N0 TRARILEREYIRE
iR EOR RS, T A RMIRTT.

http://sioc-journal.cn 1647



L)

)

/

R,

Absorption
Fluorescence
~N

e e e e

Sn N

\

L RN
S, \
~—~——— 3
e
S TaWa \ L
c == =" 1 > AEgT
o ol — B—aT—
= ol 1=&ave
gl cl —|—|m— 10,
) [0} I 1(_)2
8w i 10,
a al 1]
< = 1] _
S| 1 0,
21 1 0,
Wi 0.
L 2

Bl7 ()RS KL (b) &Y 5 50~55

Figure 7 (a) Mechanism diagram of polymerization enhancing photosensitivity effect. (b) Polymer photosensitizers 50~55

93 B G BOT 1 S BRI EESSIR H N gy
REEIEE R T — RIDCHFIER G 50~53(F 7b). 4
N TFILHER GG, 102 17 b T LABR T 5.07 £, B
A AT BT 1.73 £, %2 BRI SE R, ok
BORA T\ &5 S| B2 HMREHR 2 AEst BEE T4 FE I3 N
MIRHT4E /D, XAE1G S &0 LUE 2 04T g kit
B T &, Mg mIL 10, 723, o, S5XFR/N T
BOAREE, 1% 4 AN FEHER SV CBIOR A s KR e K2
REAK, HEERWEREBEA M. 755 — i
Firh, ABATIS4NE /NS ALE Y6EGR TPEDC $HE8-4 p R
EWetEF 54 A1 55(1& Tb), BE SR 0 AR IR AR
M £ 85 [l - 5% £ — 1% (DSPE-PEG) f 2% ] 2 B /K ¥ 11 ¢
UF AR BORL. EROCIRET N, HEAXTt, 9ok

1648

http://sioc-journal.cn

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

') 54 F1 55 (1) ROS F=AE R J7 R R MR 58, o 55 1) ROS
PR AT IA B AR 5.48 .
22 REHELFERE

HAr#) 2 MG BGI A FE MB, Ce6 LA —i
T KGR, X LR R R R ROS 723,
R AT R B R S K DR 3 B R E AT L B 4T 6 X
(<700 nm). FRT, BT AP GG SORTBUR 1
H, BEBAEANT 700 nm 6N FIEREA R,
— B R BEHEAT IR 167155, NIR-1 [X (700~ 1000 nm) E. 42
BIE SR — AN B RZ AR 5B R 12T & 1,
PR T TR FL 38 52 .

Acta Chim. Sinica 2023, 81, 1642—1662



F F R

22.1 AEHEAETLEHN

TR AL T(D-A)SE R K LA 31 NIR
P12 o F KOG BRI 1 SR ms . 3858 D-A BIHER
FRES, SMOLEGH5F 1) HUMO/LUMO REZR [R] AR
/N, BEERSYFN BT (CTREE, 2 SEOLHTN IR
W B R S A A 15,

2R P S TE I 51 ON SIS AR S PR R 4 T I
LUMO/HOMO RERR, &R T — &% D-n-A BRG]
56~58(1&l 8). sSLIGLE KM, HEHMAAY 56 ML
(Aabs=640 nm), I NRHEFEHEERUED 57 IR
KAHZE 700 nm, 1M FEE5IANFIRMEIERLEY) 58
RIS K B RLL RS A 802 nm. b, fb& %) 58 K
HAR S 10, 77 3R, 21 I NIR Y7 1ICG 1 1.5 1%, 1tk
Ah, JEARBE NGBS EY) 59 (Las=682 nm)1 7T
HHEW G N IR, A BRI KA AR 704 nm (1)
AIE Y855 60. 60 [FIEF H A NIR-IT 56 K5 1 863)
F1VEIT (PDT) G HGE ST (PTT) 545, A HAE iR Py ik 3
BT B RRAG SR TT SRR,
222 JTRER%

MRS THACPATHES S, TER J-SREEK, HAE
2 1) BEURs FH ST Bk g/, T S BRSO KRS 52
FEERM J-RERME T EON 61, 1EAHIIFES
W61 AT DLTE f rL s 4 R 5 RNA /R R AR5
R J-SREEAR, EYCEGRIE K R A 208, ROS 7= R 2 m (K
9a), [AIINATIEE EPR 0N HE ) o), 12 G i
WBAAT LA 630 nm(Uif AL 2 700 nm (J-Z84E
1), 10, PERWAT BR8N & S TR R PASEEL
T )RR, RO AR T AN ET =R
LR (TCF) i F (1 25 F AR E 6857 62(F 9a). 1EAE
5N AT R SR A S ) 0+ e SR (2RI B
FHES F(Pc), ¥ HAENFAE 7 TCF 2165 Yok & 5

F, EKVER @ & B 7 LR LA 1 T R 4R,
KA K H 650 nm L2 E 720 nm. BFFEEEREH, 90
KR T SRR R I BE AR, S8
Jefare v, b nT LU i £ H Ay R T SR T S I AR 4G
A SR E A, FI 10, P R AR RS 5 17,
MG SE SR RSB 1A R SRR
223 AT EKQPE)

HOEE 1IRIT & DAE 600~900 nm 2 [7], HEY
T PDT —#fZ7E 850 nm LA b2xZ BIFR . X6 TR &
— RSB AN T IR IR BRI T, fiE
B SEAREOR 002 R, XU TR PDT 2380
LG IE IR P B R0 3K, I RS ) BRI AT A [ B
WRC AN 7 AT R 72 A2 ROS,  BIVRR U8 TR AL )
BRI A NIR-UNIR-IT 0630k, ] B R4 78 R 28
PR M FERES. Bz, BAFIERER W EH
PRI AL 2R B B % e 2 48 XU 0K 16 T 77 I = 22
A=y

A BRSSO T — BB B RO TR R
TR, 1% TAER T IS IR O (TADF) 4 7, Jlid
FIAAF AR (D) Bt 7S TADF 731 63
64( 9b). HT 63 Fl 64 MMl T 1] WoGIX, Jyi
SRR EIRE, UG T IR NBUROGIR. HH
BT, FHAHHTE ARG 75 LGV I NE )/ AM (45
BER )P BT MR T RO, fEXCEFHOCR AT, 44
KM IX PR A FER HeLa 4083468 S 240
BT, MAEXOGTHOCIRS T, 4l BRH BT 5
64 NPs fHLt, 63 NPs R ILH B A 4w, Wi EI7E
RETF RS R 63 NPs 1] LAF=AE B 2 1) 10,, AR
gHHE. Beah, XBREEOIR T R T — R KO T
K AIE Y857 65(F 9b, 9c). %4> T LA TQ 1E NisH
TR, Hor 7N SER B T B A BT 3 5m X061 )

@ on
N/\

B8 SIARFRMZERDEHEGT 56~60

Figure 8 Photosensitizers 56~60 containing different donor-receptors
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Figure 9 (a) Photosensitizers 61~62 whose wavelength is redshifted due to J aggregation. (b) Photosensitizers 63~65 using two photon excitation. (c)

Schematic diagram of two-photon excitation
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Figure 10 (a) Type I photosensitizers 66~69. (b) The production mechanism of carbon free radicals of photosensitizer 70
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Figure 11 Schematic diagram of hydroxyl radical produced by oxygen independent photosensitizer through photooxidation of water
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Figure 12 (a) Photosensitizer 71 introducing targeting group FA. (b) Enhancing the selectivity of photosensitizers using a dual receptor mediated biolog-

ical orthogonal activation method
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Figure 16 (a) Schematic diagram of PDT and immunomodulation of NBS IMT. (b) Immunofluorescence staining detection of CD8'T cells and Treg
cells infiltration in 4T1 tumors. (c) Relative volume of primary tumor in mice after different treatments. (d) Relative volume of in mice after different
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