R TR O RCE 48 B )
168 Journal of East China University of Science and Technology

Vol. 52 No. 2
2026-04

MEHS: 1006-3080(2026)02-0168-08 DOI: 10.14135/j.cnki.1006-3080.20250928001

il BR AR B B e 13 4 3 R B e P ik e

(42 K30 T K 45 s THFR P, Lif 200237)

WE: by kRS L SaFR | ARBF LB R A BIE ST ARG TFRAE, W EHGEKE
BLEfeaEELRA LG RERAGXEMA., KA RAERTHE, ASKERE LR DK,
Wi AR T BRARER T LM R, TR T A KL KEH M-Se-F-N, AHR#BETHKR
FRRAET G BRFTE, ZEAARAD-n-A 2L H, L5 RNA HFFREEE 6 R KRK
HKEH 800 nm, AMBERZLLNGTE D, HEB@IEN RNA ZAK 6 AL E, M-Se-
F-N A4t T ZIM B AT E, EREHE ALK KA 808 nm £4 T, M-Se-F-N st ¥ & ¥
Bkt HE 53 °CALMAREHF XN, s HeLa 200 2T Sk B L 54, Hbied
AR, ZEARUBRRBRFO AR TR, TLEARFOAEAHAAEE, KL@TEHH
TR THEARETREFGEREHER, ATA KL ZAMGERE T AANBHET HER,
BB T ELEZ BN IBAF LT PO RS,

A R At A5y RIS IT; RNAARAT; #4c4); D-n-A

FE 45K S:TQ61

JCITVEAE O AR R K J Ak 1Y) i hE TR T T B
HAZ IR T AR 2O K B A R e B 1] 42 1) GBS T
6 2 IR AR A, B 15 B R R DA O RS R AL
A g 440 A D A2 SO B AR Ak, 17T S R
PEPEVE ML IR 5 % I A AR ) H B9, YT, ST
125 v i Ry R L 28 AL U2 O 3l ) 97 1 (Photodynamic
Therapy, PDT) Fl % #4 J7 & (Photothermal Therapy,
PTT) . Sl 397 ik 32 EARO RO e k), (5™
A T MRS W) Fl (Reactive Oxygen Species, ROS) . X 4t
T 1 AL 0 i B % A1 5 e O s 240 L PN 1) A S35 P R
53, [ AL A B rp i S AR DA, e 2
IRFA R i AR A L ORI A SR B g
JCRT RSB B S 0 G I 4 A0, R 7R 4
OGRS EE T, L RE & THiR o 27 ¥ AT (R Ry
BB TY 2 i MR T 2 40 °C DL, A BhoRE Bf HE 1a]
(Y YL RE, 55 722 20 ZURN 4 A N iR 0 i i, BRREA
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RIK WK Yk M-Se-F-N. %4 k5 RNA 455 )5, &
12 05 25 D K AR f R, i I S T X HeLa 40 i
R RIS, Ry 0o BT IS el A A
HESCIT IR B T R A e %

1 SLIGEHS

1.1 FEFEMFIRF

= SR (HCLO,, 46 70%) . H %% (PhMe, 40 i
99.5%) . WER4N(Na,CO;, 43414l | FkERE 4N (NaHCOs,
SiHral) . Ak (PE, 265 99.0%) . LR L BE(EA, 21
£ 95%) . N,N-—H B i (DMF, 4384k, 3416 A
vl B 3 3 i ) A PR R 2-TR-4- AR R TR
(Orrat) . MUk 4 (Cul, 404ral) . 8 (= 2R3
B ) 4 (A3 AT 4li) L Bl (Se, 43 B 4l) . B &0 fk 40 (NaBH,,
fb 2z 4l ) | F O3 Ak B (MeMgBr, 1 mol/L i THF
W) . R L (4L 98%), 54 WM (SOCL,, 46 /&
98%) . X — H S FE IR B (3 Hr i) | AR = H AR
(DMSO-d,, 7 #r#t) . 5 A 2 (CDSCN, 3 #r4ki) , 2
W4 i R e A FRA F o
1.2 WX ERAE

% 1 L 4R 9% 3% A ("H-NMR) , 18 [ 7 & 53 /8 7
Bruker Avance 111 £, 400 MHz, = iz F )3, UL g
FEELE (TMS) S AR, ASTRIAE S 53 3 LR S © i
A H A (DMSO) ST A il . i %s
1554 BRI . 52 R YK Ryt 2 F] Waters LCT Premier
XE 4, & NI, A B B R BORE . SR 4h-aT
WA ERE T 92 L HER /A F] Agilent Cary 6 HY, £
AR TR B LRSI, F 5 R 200~1 000 nm.,
IR WOCH R B B B A JE B A F) Nikon
AIR AL, A0 7E 2 mL 552 ML gR o G HUR 4R AL
ISR A BR S F] FOTRIC 280 1, £ & i
WAEBS A N E TR R L.
1.3 M-Se-F-N HI& B
1.3.1 2-8-4-F AR PEEAG S BT 50 mL
W, A 2-1R-4-H R H R (1658 mg, 7.18 mmol)
T A AL (8 mL) 1, 70 °C 21 3 h, Uk T 251
Wk 22 2 1 AR AR, 7581 1756 mg B € dh ik, ™
2 98.1%. IR ZE TR, AR M A W LR 5 % 4
i, PR S A R, R AR,
ARIBEE AT, W 22 20 0 SR AR K i T 7K #
FE, AR5 DA A IR S B i F R IR R R S
A K WA . "H-NMR (400 MHz, DMSO-d,, 0): 3.82
(s, 3H, —CHS,), 7.03 (dd, J = 2.5 Hz, J = 8.0 Hz, 1H, Ph-
H), 7.23 (d, J = 4.0 Hz, 1H, Ph-H), 7.81 (d, J = 8.7 Hz,

1H, Ph-H),

132 1-(4-F A A2 B R HE)-3-RER-2--1-BA 89 &
A BT HERY 100 mL Schlenk %, 23 5 fin A 2-78 -4-
FH AR LR 50(1 050 mg, 4.79 mmol) FIZE 2,4k (488 mg,
4.0 mmol) T 10 mL PUE KI5 8 mL — ZREHIIR &
WD, dRAh 1R, I ABLEE 4 (18 mg, 0.08 mmol),
T T (Z R ) 48 (33.8 mg, 0.04 mmol) , kil
3K, EWIIV 24 he HIA 10 mL % 3 K 0, i
T, 50 mL £ R TR il IHIK L 5%(J5t
TP EO PR | TRLFN R R SR W L TR R B R K
U, WEZERR 22 245, LA V(i) © ML TFR L TR)=
95 = 5 HRPEREZMT oM BT . 7 A IR A, 7
= 657 mg, =% 43.6 %, 'H-NMR (400 MHz, DMSO-
ds, 6): 3.90 (s, 3H, —CH), 7.18 (dd, J=2.6 Hz, J= 8.0 Hz,
1H, Ph-H), 7.38 (d, J = 2.5 Hz, 1H, Ph-H), 7.53 (t, J =
7.2 Hz, 2H, Ph-H), 7.60 (t, J = 7.6 Hz, 1H, Ph-H), 7.76
(d, J= 6.9 Hz, 2H, Ph-H).,

133 2-FA-6-F AA-3-mFFERG SR HIH
fifi (174 mg, 2.20 mmol) . #i&(fL.4%1(104 mg, 2.75 mmol)
BT 49 100 mL Schlenk 4 77, E 25 411X 1 min,
JIA 10 mL DMF 1, 100 °C S 1 h, $ 1-(4-H S 3%-
2 RIEHL)-3- IR LT -2-BR - 1- (578 mg, 1.83 mmol) %
T 8 mL DMF 1, JFZ2 12 i A R AR & H1, 100 °C J
N 3 he BT 50 mL 7KK KN, LA TR LR AEHL,
ML AR RN & K Pk, e IR, UL Ve
fit) : (LR OTR)=10 = 1 EREZ T8 . =Yk
BEAE MR AR, 77 i 293.6 mg, 77K 44.6%. 'H-
NMR (600 MHz, DMSO-d,, d): 3.91 (s, 3H, —CH,),
7.18 (dd, J = 2.5 Hz, J = 9.0 Hz, 1H, Ph-H), 7.29 (s, 1H,
Ph-H), 7.57 (dd, J = 1.89 Hz, J = 4.9 Hz, 3H, Ph-H), 7.63
(d, J = 2.4 Hz, 1H, Ph-H), 7.73 (d, J = 7.5 Hz, 2H, Ph-
H), 8.36 (d, /= 9.0 Hz, 1H, Ph-H).

1.3.4 M-Se-F a9 4k B 2R HE-6-H1 A -3l 2% 1
Bl (1170 mg, 3.71 mmol) & T 141 100 mL Schlenk
b, FH 25 mL USRI AR, R 3 Ok, 218
1 mol/L MeMgBr [PUE kAR (13.0 mL, 13.0 mmol),
40 °C G 18 he NS JG , e 25 Wk 4 =0y
FIF 4y 2~3 mL, il A 30 mL. 20%(Fi & 4350 & AR
VTR, A EAKTH o VKIS 15 min, Fl0E, B S0 ek
VAR AR ILT A, WA PLIEW, TeZsk4i 2k
WARTR R, I G e 2 AR I o8 A s e, i i
A7 R B 22 A R LA e, g, b
AR UE F AR 2% T, ST RE TIOR8 A, TR
FREE . AR A v P A 4 il — G P o A i ok 1
7. PHE450 mg, 75 29.3 %, 'H-NMR (400 MHz,



170 B AR TR O A SR B D

552 3%

DMSO-d;, 6): 3.14 (s, 3H, —CHj), 4.15 (s, 3H, —CH,),
7.73 (m, Ph-H), 7.86 (t, J = 7.4 Hz, 3H, Ph-H), 7.52 (d,
J =7.8 Hz, 2H, Ph-H), 8.30 (d, J = 2.5 Hz, 1H, Ph-H),
8.66 (s, 1H, Ph-H).

1.3.5 M-Se-F-N #9 & m& 43 5| L MeO-Se-F (50 mg,
0.121 mmol), X — I Z FA P (18 mg, 0.121 mmol)
BT 109 10 mL Schlenk &, F 2 mL IETEES 1 mL
FHOR VS M, VRl 3 WK, B INFAMIGE 11 he ¥R H1S b
U, AT ERE R UEDE, 15 5] 17 mg SRR, 7R
26.4%. 'H-NMR (400 MHz, CD,CN, 6): 3.26 (s, 6H,
—N(CH,),), 4.03 (s, 3H, —OCHS,), 6.97 (d, 2H, J=9.2 Hz,
Ph-H), 7.40 (dd, J = 2.7 Hz, J = 9.4 Hz, 1H, Ph-H), 7.68
(m, 3H, Ph-H), 7.73 (d, J = 2.7 Hz, 1H, Ph-H), 7.92 (dd,
J=1.1Hz, J=17.7 Hz, 2H, Ph-H), 7.97 (d, J = 9.0 Hz,
1H, =CH—), 8.03 (d, J= 16.1 Hz, 1H, =CH—).

2 GRS

2.1 M-Se-F-N BI&

H AT, DABCER R BER A Ykt =0 G kR C
AR GIEUS 2, 207 HAA B U AR T . 2D RN
T AR A, 22 S5 R A Ay T B R, NS S oy i
PR, T EL ™ e IS8 M, 2 — 205 w8 3 A 114 I
BHE AR . SR, C LA BB BT 1 G 2D
BEARH T T B 28 A 3RS B I ERER (A 1 FF
) W FREEAR B RN, 2R T A SRR AT,
ARG S 16 C IR R AR R — Mk A B
WP RJET o iR 2R g A R A s, ik DL
IR, EOAR SCHRE K B ek C I AR TR R
il 55— P 1 3 L B T I S PR R A

Ao EERETG J - A BT Gk S B 2R N,
FEA TR BOg 5 | AT E . X — 7 R T %
T B ) 7 S R IR, 55— T, e R AT R

O
O
oH  Socl,
- E— Cl
(0) Br 70 C ~o Br

(6]
MeMgBr
I —
~o Sé O THF N

X

o

Se
ClO,

=
= 0
Se, NaBH,
e IS
—>
~o0 Br O DMF
o™ O

T I AL B A R v, 2 I3 AR B SR A
BRI P T —— AN AR AR 4 S I 7 i AT P, 32
) 5553 JFCAE ik PR B B 358 P AR RGRE P, o IR i 1 A
AR BRI B 2

C6-C3-Co

U SR
Fig. 1 Schematic diagram of the flavonoid skeleton structure

LA 25 IR R 2R BN e s T, R A A
BB A D-n-A G50 B 28 R 55 Yk, fE R S
Yt C IR G LA US> [ 3emh -, 45
FSY i CAWNG( DN RS SR eI L A (B a4 Sri s
FETAE G NTERY 16 Bk . ELAR G sl A2 an il 2
FRi7R o B, TERRME SRR, B 2-1R-4-F A BRI SR
SR AL AR IR s BE S, LA S AR A0 A A B, o T
Tl 4k >y AT 36 K PE B NaSeH, 4 H 5 R 5 1 & /=
FEAZ R S N, FF B I 0 TR S, g S i 4 8 T 2 AL
B s ak i A v 0 P A BT, B S | AT T S
S FR TR PR ARG A0 BR O S A AL o 1 R T IR S
if Knoevenagel [z 1 5 fit #1 ¥ ¥ 00 i #, 3845 D-n-
A ZEF AT 2 I okt . O AT ARG AR AU S
1o T PRI A5 R, R SRR U L R & T B AR
5% M-Se-F-N,,

HY T J5 1 5 AR 0 1 5 22 5% 3%, M-Se-F-
N & S 4 25 AL G P 00 6 B SR S % 5 H
JEEICE B A Y FNFEER R . Lk
W) M-Se-F (G 18R 1], 7 AS ol A Ji 25 46 4 i
T, Xt Ak A T 3 e A EG R B N I K L AR
1T U E AR R, (HAE S ARG R TS, TR SR

>N

-+
' clo, s&

n-BuOH, Toluene
o

2 M-Se-F-N 4 1k £k
Fig. 2 Synthetic route of M-Se-F-N
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Ji - 1) HL RO 25 5, 22K J-6- Y 4 I - 315 24 il
OB JE TG PERE I . M-Se-F B AR e PEAR 22, (i 15 H b
P R AR AR ) 2% IR 2 A — i, ME DL 43
BB . R, M-Se-F £ 1ERERAE T 20 #,
{45 X DL A A% G A S 0 O vk S Bk — 2 alifk .
Gt i — 20 A M FE 5T, AR SO 2458 ok DA — S H o
S BB A AN B AT TR O
4 {15 3] M-Se-F, Jf o 7™ 4 45 1] 5 500 H 5 AT I
T EE A5 7 2, BB RN AR 17% 42T+ 25 30%.
S 3% 2 LA A 3R 19 5 I 25 A2 R A A A0 A 5 A
AV N HERE UEAT IR AL K, AL AR fb A
) M-Se-F-N 18I 4%
2.2 M-Se-F-N (EHZITSEKERE
ASCERAHIFIAL T LA 48 4K I B 7 AE
PO RL R G TT 58 TS, WIBA LB R R B A
FHE D-n-A B YLRHY A B H bR orF, TR T 45
)% R N TP % N T S TR 7/ N
A S5 T 25 e A EC AR T 2T 5 1 2% o P 07 A
Y M-Se-F (356l I, 221K 2 M55 G b A ng J 38 2o,
DA G 5 A ) B A Ay AR A v . N-FE R b i oAy 2
A, 4 ELA K AL PR BE 1Y Cy3 BUAN 24 35 4L bt .

1.00 ¢

—— THF
DCM

— Acetone

— ACN
MeOH
DMSO

Normalized absorbance
=)
9,
S

0 . . . )
500 600 700 800 900
Wavelength/nm

(a)

23 M-Se-F-N 5B RMELES
M3 M-Se-F-N 7EAZ R I 85 v i RO % sl A AR
b, ZGHAE T H5 RNA RS EEE A (E 4) .
FEK MR Z , M-Se-F-N e BHL H I 25 () 58 45 M 1) 7,
VS WG R 0 KGR I RAR IR, O 15 7
560 nm Ab 5 B G W WACRRAF 06 il 5 A T TR o VR A
1t M-Se-F-N WSO & A 1 35 2188, RAE (AU B (1
B W AR FE A T R U, [RDIEAE 750 nm 4G HE B RNA
SRS 0 A W (AR R,
RNA [Tt i ¢ A8 Ak 51 A 14 W e ik 38 i) )37 s i
DNA 1 2 fi5 LA I, 454 Fi 5 WIS f2 % 75 200 nm,

H R Tl o0 % A M I T 4UOT R, M-Se-F i
P B T A2 W F - ARO 55 T AR AR A, S 30RO T
KME T B 1E 2 W24 . DTBMP(2,6-—FU T L -4-F1 5t
M e ) 25 55 B AL T, HR IR S B LB R 5 A R
N5 T = 2R S5 R Bd AL s, AR X IREE RE ) C-Se
FRAS TR SRS NEIR, S BUR R 5
X L AR B B L A5 AR AT A A 7 2, 2ot
SR A S W S I H AR YR A R DL N N-H
Xof 2 FR A S B i, D L R 1 v 1 PR M M-Se-
F (1% PR 05 P S0 7 5 4% 8 R 6 AL A o A2 R B e L S
SVE R LR BT, M HE AT D-m-A 4544 1 i A% 2
Ykt M-Se-F-N, [ isf 26 i £ 1425 43 4 B4 1F HLfif o
AT D-n-A G5 (0 Gt o241 5 52 ' Be A1 4k
P TR0 B 2 PR, R TR R A R T
BOTA 5 5L TR RZ R . X M-Se-F-N 19 %5 71 2%
REAFSE (K 3(b) ) F B, M-Se-F-N 17K 1 P % fife vk 22
TE MR M, e R T 550 nmy; 11 78 3E 8% 1 1
FIH, H T A R R, LR O R R 5 e R g 0
AR E 735 nm, K IFE K KT 800 nm, HE—2HUESL T
R F 1544 5 R ILH R R A E K Yk R ms i A

1.00 — THF
MeOH
— DMSO

075 — DCM

Normalized absorbance
=)
Wi
S

e
)
G

0 o ]
500 900

Wavelength/nm
(®)
B3 (a) F-N EJLARH DL 50 AP A O ETE ;s (b) M-Se-F-N A1 LA UL 5 o (1 I O 6 3

Fig. 3 (a) Absorption spectra of F-N in several common solvents; (b) Absorption spectra of M-Se-F-N in several common solvents

X — R IE A PO O HAR YT B AL T AR A G R
e

T S 25 A R P T 3 e RO L ) S B M
PORYT: (D3 AR B BOEEIE (1 808 nm JT 414k
J6), IS5 RNA 254 )5 ) M-Se-F-N # i# %& , 43 %00
B Ui B el ot A B 21 4 i) S AR 35 (2) 1 FH 9 40 i
AT BR 5 B0 RNA (5 R 35 FE M, M-Se-F-N il if
RNA [ 25 4 SC B AR AN ML N ) e ks 2 . S0 8
i 22 B, AZ AL T (5 ST I A ) o A R S A
Tt [ 4 Bot G B PR B AR, S =2 408 O RG HETR T
PR T I m B N M R BT R YRR TSR



172 R T R ROA KRB O 552 4%
0.24r p/(mg-mL"): 808 nm OB RE I, (VAR B M (26+1) °C P Tt 52
oo (5322) °C, K EDCHIAIT A R EE X ]
. o161 ok PR PR PRI R, 209 3 UK O IR
5 ! D R, 1R H R B R — B (531) O, TES:
2% o M-Se-F-N 7E R B P R R A o0 . i — LR
' FEVESLER A R (E 5(b) ) R B, %R 1.5 Wem?
BOCTRZE MRS 12 h 5, M-Se-F-N F& W ir 55 25 47 4 4%
0o o - s 0 VIR TE 1Y) 80%, IZFFPEAALSZEL T “RNA 1 ] 3417 -
Wavelength/nm ﬁlﬁ?}@%{ﬁ”ﬂ/ﬂ%ﬁ?{@(ﬁﬁ*ﬁiﬁ, ﬁlﬁﬂ,ﬂ\:ﬁﬁﬁiﬂgjﬁﬂiﬁfé
@ PETR Rl R B ] 4 22 ya T $e i T AT
0.24r pl(mg-mL): 2.5 M-Se-F-N HIZHpZ MR
ool KRG M-Se-F-N 75 A HLER 52 o 1) 40 ff i
5 0.16 vd - P, RS MTT L TF R SR ESE o 7Tk F 6
g —\\— 21 B 2 A A4 B 30 R B S I TR SN R MTT 38 5
g s KRV P 5 48 0, PP 5 45 i (Formazan) J- 30 BRL T 400 ffa
' N, T AH b2 T B8 20 M A B A 1A T RE A S
SCE R 0,2, 4, 6, 8, 10 pmol/L 3 6 4~ 1k A
05 = - w0 500 BE, ¥ HeLa 401 LA 5x10° cells / L% BE 370 T 96 fL
Wavelength/nm M, 8597 24 h J5 AR [ ¥ B2 1) M-Se-F-N %5,
(b)

4 M-Se-F-N 7£ DNA (a) Fl RNA (b) fZ7E I B WG E
Fig. 4 Absorption spectra of M-Se-F-N with DNA (a) and RNA (b)

2.4 M-Se-F-N Ry 5h e # i g ik

T M-Se-F-N 5 RNA %4545 Wil K20 19
FEPE, AR CLL 808 nm ML LT AMEOGER A BUR LR, REE
TFRE T & i 5 TR e Ak i) O A REXT EL AT 5T, IR %
227 RNA fE7E 575 % M-Se-F-N YGH0UR 18 45 /5
FH(E 5(a)) . SEEEHE R W] R840 o0 2 1Y 2 1
Yel F-N 7€ 808 nm #{J%: (1.5 W/em?) 4~ JL-F T
S B 5 B AR AS B M-Se-F-N AX FE L i85 ' 31
BN (RLTE <3 °C) 5 1724 M-Se-F-N 5 RNA 45 57 145
G a, HUWOEIE 208 (K >800 nm), A A R

0r *— M-Se-F-N+RNA
o M-Se-F-N

60 | 4— F-N+RNA
v PN

Temperature/ °C
W
S

0 20 20 60 £0
Time/min
()
5 M-Se-F-N ByGHAMERE: (a) ARIGUEHGSCIA-B ATE IR Z; (b) M-Se-F-N [ #vER e 1

Fig. 5 Photothermal properities of M-Se-F-N: (a) Photothermal-cooling cycle curves of different dyes; (b) Photothermal stability of M-Se-F-N

PRRZE R 24 he BEJSBALINA 5 mg/mL MTT i
20 ul, 37 C #EHFEF 4 h, FEFEFRIEF A 150 pL
DMSO ¥+ fiff FH B2 i, A FH AR AR DU 490 nm Kb 1%
FEAE, A5 550 B 5 A0 B i PR R R A O .
TG L5 (B 6) KB B % M-Se-F-N V& JE T+,
HeLa G M3AE: PR3, (249 SIS 6 umol/L
J& , A0 AT R E 4EFEAE 80 % oA, AN 3 R
flko X—IE A REE T =W T M-Se-F-N 7E /K A
& RAETE LK R ALK, 5 B0 M 4% US0R
RRALG, 5T (0 40 M e s T 5 . (A 2,
RIfE7E 10 pmol/L /5 ¢ B T W% F 24 h, HeLa 411775
FARPEE 80% L I, FIATE I K 51T, M-
Se-F-N J& 8Lt 1t 5 19 A Wy A 25 M, AN 23 5% 1E 5 41 41

104
-
-
2 os} e —
& 1
2
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F 60f
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>
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@]

20 f
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Kl 6 M-Se-F-N (40 a1

Fig. 6 Cytotoxicity of M-Se-F-N
i M3 R A7, $E— 2 UESE T M-Se-F-N HA (K41 ifg
R IO T
2.6 M-Se-F-N B ARG MR IIUE

SR EIE M-Se-F-N A9 GH AR I R 738500, AR 5T

BT /40 40 i A G (0 52 5, 3 o) R AR OB
B (CLSM) B WL WL 2% HeLa 41 i 7F 808 nm 8% IR
FHE AEIRAS o SC5 R Calcein AM/EthD-1 XY
AR &R : Calcein AM W] i i 1% 241 Jifu FE - 9% 1 7 /K fi
FEA 80,58 (Aey=517 nm), EthD-1 {{AE HE A SE 40

M-Se-F-N (-)

Light () Light ()

Calcein AM

EthD-1

Bright

Merge

M-Se-F-N (+)

5 DNA 456 & 4 89¢ 6 (1,,=635 nm) . ARSI
BEVEAN R K HeLa 41 LL 5x10° cells / LAY %5 )& 42
P ILRAER IR, B E 24 h J5 LA 10 pmol/L M-
Se-F-N 4¢ 24557 4 h, Bf5 H] 808 nm 0% (1.5 W/em?)
HRUFF 10 min,  H 805 51 FH i R 3k 22 vl i (PBS) Uk
3, A% 2 umol/L Calcein AM #1 4 umol/L EthD-1
M P, T 37 °C G T 15 min, /o 3R AE
i 0 R A 2 B TR A5 (i & B K 43 531 2 488 nme Al
561 nm),

SEE AR (B 7) o ARG (Light(—) ) 84X
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Fig. 7 Fluorescence images of Hela cells co-stained with Calcein-AM and EthD-1 after incubation with PBS and M-Se-F-N (20 mmol/L) for
3 h and then treated with or without laser irradiation (1.5 W/cm?, 808 nm, 1200 s)
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Construction of Selenium-Substituted Flavonoid Dyes and
Their Photothermal Properties

ZHAO Xingyuan, YAN Chenxu, GUO Zhiqian
(Institute of Fine Chemicals, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Phototherapy has emerged as a research hotspot in cancer treatment owing to its advantages of high
selectivity and low invasiveness; however, the wavelength range and targeting precision of dyes remain key bottlenecks
limiting their clinical application. Taking advantage of the heavy-atom effect, this study used flavonoid dyes as the
parent structure and developed a novel long-wavelength dye M-Se-F-N via structural modification by substituting
oxygen atoms with selenium atoms, thereby providing a new solution for the upgrading of photothermal therapy
technology. The dye adopts a D-n-A conjugated structure, and its maximum absorption wavelength exceeds 800 nm
after specific binding to RNA, which effectively covers the near-infrared theranostic window. By leveraging the
physiological characteristic of high RNA expression in cancer cells, M-Se-F-N can achieve precise enrichment at tumor
sites, and under excitation with an 808 nm laser, it rapidly elevates the local temperature to approximately 53 °C, which
falls within the effective therapeutic range, enabling highly selective photothermal ablation of HeLa cells with minimal
off-target toxicity. Furthermore, this dye exhibits excellent photothermal stability and good biocompatibility, and
through structural innovation, this work breaks through the performance limitations of traditional flavonoid dyes,
provides new insights into the development of photothermal agents with both targeting capability and high safety, and
holds promising potential for promoting the clinical translation of phototherapy in the precise treatment of hypoxic
tumors.
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