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Abstract: Fluorescent probes are widely used in biomedicine, information storage, chemical analysis and
other fields due to their high sensitivity, real-time detection, accurate diagnosis and imaging visualization.
Among them, borondipyrromethene (BODIPY)-based fluorescent probes are widely designed and
developed because of their excellent photophysical and chemical properties. In this review, the molecular
design strategies and functional applications of formyl substituted BODIPY fluorophores were summarized
and discussed, including o/f-formyl substituted BODIPYs, meso-formyl BODIPYs and 1,7-formyl
BODIPYs with different positions, and their applications in anions detections, biological thiol recognition
and biological imaging. Design of new formyl substituted BODIPY-based probes shows great development
potential in precise diagnosis and treatment in the future.
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Fig. 23 UV-Vis spectra of probe 16 in the presence or
absence of NO, gas (a) (Blue line—the probe
alone; Red line—NO, added to the probe) and
fluorescence spectrum (b) (1,=590 nm, Red
line—the probe; Yellow line—NO, added to the
probe) [Inset shows the solution color change

(Aex=254 nm) observed before and after probe 16
exposure to volume fraction 1x107° NO, gas]®"

2.1.2 B 1iEEk BODIPY #R£4H#a ] ok S BR AR

GAO % PY5 a2 e BUIR IR &1 29 78 38 W
(HEPES/ZWE, A A 1 : 1, pH=7.2) HILF I
P, PERET AN 0.0012 (&l 24a), AR
TRJE, REFIRKR A ERK N 660 nm £ %] 667
nm, PGS SERE 0 TAHEL A B, ZHRaa
9t (&l 24b ),

120

a A
5 2
é {f : **t
Il *
ZeotF %
g F . A
8 F | 3
E & ! %
%
S 40 ! %
& !
__:3 |
= m
0 1
640 680 720 760

Wavelength/nm

Kl 24 7& HEPES/CH;CN (ML 1: 1, pH=7.2)
AN A RSN (300 umol/L) Fi)5, 10 pmol/L

PREF 20 9O, (a, HECHEIEARL ) A UV-Vis

T (b) (RE—HEE, LL—HEH Ik iR );

HREF 29 XA TEMERAMNEYE HCI0 fYBifg (o) BY

Fig. 24 Fluorescence (a, the insert is chang in color) and
UV-Vis spectra (b) of probe 29 (10 pmol/L) in the

absence and presence of sodium hypochlorite (300
pmol/L) in HEPES/CH3CN with a volume ratio of

1 : 1 (pH=7.2) solution (black line—the probe alone;
Red line—sodium hypochlorite added to the probe);

Image of cellular endogenous and exogenous HCIO
by probe 29 (c)

TREF 29 FEANM PN AT 558 IR 5 AN A TR
AR, R ant (K 24c), XEH TR
SAPRXT 5 FE VW 5 A 1 B A I 5 aza-BODIPY firi.
PRI, R85 29 Pk R AT R A s #61 ( &1 24 ),

XU ZBBE T meso 17 = 8 B HE (92 68 4T
31 (&l 25a), 7EFREHAWHMA HCIO J5, 520 nm
A2 ) R AT 06 8 S RARAIK , A R B P Ry 21 A8 S e (]
25b ). HEF 31X C1O HA P iy i o A ve B Rk
AL T ClO #RARKZIN , A BR7E A B2 5 25 1) 24 F
AR N H

a =
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5 6 1]
b
6x10¢ | — BODIPY 31 Dye b
— BODIPY 31+HCIO DI
T 4x10* -
o
e
S
= 2x10¢
350 450 550 650

Wavelength/nm
B 25 %4 31 45895 (a) EJA HCIO (50 pumol/L)
BIJE I UV-Vis BSOS (46 1 520 S R
sl ) B
Fig. 25 Structure (a) and UV-Vis absorption spectra (b) of

probe 31 with and without HCIO (50 umol/L) (Inset is
color change of solution before and after reaction)>)

2.1.3 meso /2B 3 BODIPY #£4+#m CN-

FTHET A0 L E RE I B i, 5
CN™ [ I JiF 7= A 8 2 6 1 7™ 28 1Y S50 B AR 1Y
BODIPY #%l, 7E 508 nm AW IE 5 CNA BRIy
VR, BEE CNYREERYIEIN, W Cas B 12 i
fiX, WHREaNa @y e, T CN#RIRK
M (& 26b, c).

Absorbance (relative)

450 500 550 600
¢ Wavelength/nm

- .
58
F- B

Blank BODIPY Blank BODIPY After addition of Additional
and 3 min after strip seawater containing 5 min dying
addition of 1 mL of 50 pmol/L CN-
seawater containing
50 uL CN-

& 26 5 40 5 (a); 10 umol/L 354} 40 %3hn CN™
J& B UV-Vis IOEHE (b); 10 umol/L #4241 40 fin
A CN R JG RIS A h B 25 4k (¢ ) 1)
Fig. 26  Structure of probe 40 (a); UV-Vis absorption spectra
of 10 umol/L probe 40 after adding CN™ (b); Color
change of 10 umol/L probe 40 in solution and test
paper before and after adding CN™ (¢)

M 28 BT IR ACFE T I N5 21 6 B g 4R
%, FRABEEA —E W HE (K 26¢ ).

I 7 meso NEFFEER I A KBRS , E R ET 4414
A CN-, AT LR AR R e (B 27 ). 2R
FHEAR-1] WS ETE X Z R BHES+ (CN™. SCN™,
HCO;. OAc . NO,. NO5, F . CI'. Br. I, S,0% .
SO . SOF Al N3) #EA7F# (& 28a), KHH
CN A S HIRATE 342 A1 504 nm AEWOGREZ 1
(A342/A504)ij]ﬂ (¥ 28a), FFHE 526 nm Ab% e i 3
1o (5] 28b PR E ). SRR, #REF 44 X CN°
Rl HAT R MR B, T HME N HE £
He et s B AL A AL IR (&l 28b ). ESHEH LT
IR ImA CNJ&, FP=A: B B i ap e ue 6 K 5T,
FGER 44 v T4 E g (&l 28¢ ).

NN N
FE
44

K27 HREF 44 AT CNTJ R 1k s
Fig. 27 Conversion of formyl group to cyanoalcohol after
addition of cyanide CN™ to probe 44

SEFHIS O PSS

500 F

400 -

— 54
HAH+CN-

o
(=
T

30

Intensity/a.u.
—- N W
o O
o S 3
T T

/I,

15 A

360 460 560 660
Wavelength/nm

0
QD K K K L < < ¢l ol ot e«
FEGEFETE € S & S F TP~




© 1234 -

A% 4m 4 T FINE CHEMICALS

540 &

Bright field Green field

0yl
g

Merged

K 28 —HILFH (DMSO) /Tris ZZ P (R 9 : 1,
pH 7.4) FINAZABBAE T (1 mol/L) J&, #E
A4 (1) Asgp/Asos (@) FIBFEREZ L (1) (b);
WAL 44 FEATC CON 640 19 40 i 2¢O il 1% &
(C) [42]

Absorbance ratio (A434,/A4s04) (a) and fluorescence
intensity (//1y) (b) upon addition of other anions (1

mol/L) in DMSO/Tris buffer (mass ratio of 9 : 1,
pH 7.4); Fluorescence images of probe 44 in the
presence or absence of CN™ in cells (c)

Fig. 28

2.2 N4 REE

YRR, FE4E A A s b R RS E T
EHT . MR (Cys) Bz R KM . mghE, JL
KGNS . BRI AR SEREAR s i e R B o e 2
B2 (Hey) fr&Thim, Z ol i Zs v XURTO L4 55
P MK (GSH) 24N /i de ) iR &
ISRl , TE4ED L3 5 R A YIRE AL A 5 5%
FE A EAER . BT Cys/Hey/GSH Z5#3250L, 76—
SO i R N R —A, UL HEBR A T
o, KEUEIR S Cys/Hey/GSH # LBk bE . ok, A
HERRIX 3 P Wi m BT TR ST A S e . B
T K s PR A2 W 45 4 ) HL A TR P 8 3L
22.1 o fiB: %k BODIPY #£4H4 M Cys

WU 252815 91 3 (i i 5k BODIPY 2 (& 3) 54
Y nT AT i i (& 29 ). BODIPY 2a iy
RO KN 523 nm, 7ERNA Cys J&, Hf KK
WK B B2 T 20~30 nm.

Cys

K 29 BODIPYs 2 5 Cys i WAL
Fig. 29 Reaction mechanism between BODIPYs 2 and Cys

Hi T PET 8N BERHIT, R 2a~2d HIFOLHRE

KRS, Him KRR PO S Cys R
MR WO EW BN, MR 65
2o, (18 30 ), BODIPYs 2 %} Cys BRI & 9.79%
107 mol/L, 7% R gtk
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& 30 MeOH/HEPES ZZifi (&R 1:1, pH7.4) H
FA Cys( 0~400 pmol/L )3 h J7, 2a( 110> mol/L )
1 UV-Vis IIOLHE (a, #EHLEWIMA Cys
HFBUE AR ) FI9OWLIE 2R (b, HECHLE
WITE DS FINA Cys A5 i asfk ) 28
Fig. 30 Absorption spectra (a) and fluorescence titration
spectra (b) of 2a (1x107> mol/L) after adding Cys
(0~400 pmol/L) in MeOH/HEPES buffer solution
(volume ratio of 1 : 1, pH 7.4)(The insert is chang
in color)
222 1,7 4583 BODIPY 4&4+H# M Cys
] 1 {3 BODIPY 441 38 Fil 39 HF A
Cys, WHRZEA W R, MR ARIRE A,
S8 2 AEE, 1 VBEERYS Cys b5,
SHh-H] WM O T, 5 SOOI A T —E R
MEERS , 9O A R A SRk, BRI, $R% 38
139 FEAHRAAE T AT TR Cys, JFAELLANESHA
J7H H (650~800 nm ) FAEHE LLAAGI Cys (18] 31 ),
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e W2 % T BODIPY #R4F 43, 17 L i 1 3 %) 6
4x10* - BERME RN R AR RS . 5 1,3 (A mERE IR RS
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g ¥ / \ AT RSO TE A A RS, A 18 IR WO S e
€ ok / \ KAy 661 F1 678 nm, {HAF7E NIR [, M55
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110 \ SRIERGA Hoy rbigRINTI A S (G, S8 T
T e Hey BYWSC 3R AL 598 i = REUE | mik
Wavelength/nm PEPERI ( 32),
¢ 03f,
3 02
g 2
: Zos
600 0
6x10*
d 120000 b
7] 20000 | y=1475x+4633.2
g sooo R=0.995
g 4x10* ~§ 90000 | 2000 pmol/L :‘5 10000 L
5 § Hey T 5000
g 8 60000 | ol
2, S 0 0 40 8 120 160 200
) 2x10% =1 Hcy concentration/(umol/L)
2 30000 -
=S
0 = .
300 400 500 600 700 %OO 650 700 750 800 850
Wavelength/nm A/nm
e & 32 20 umol/L ¥£4t 43( fRFLLL 8 : 2 ) MeCN-H,0 4
5 ) 7E Hey #PE 0~2000 pmol/L JZ L 4 h J5 1)
B} UV-Vis WIOGIE (a) FPOWEHE (R BEK N
s 620 nm ) (b) 1
2 Fig. 32 UV-Vis absorption (a) and fluorescence spectra (b)
g pw. of 20 pmol/L probe 43 (MeCN-H,O solution with
// X a volume ratio of 8 : 2) at Hey concentration of
/ 0~2000 pmol/L for 4 h (excitation wavelength is
V. , SN 620 nm) (b)!*"!
600 650 700 750 800 850 R .
Wavelength/nm 2.3 FEAYI RGN 7 R R A
5 Cys [ RRTJE B UV-Vis lIOERE (b) FIZOE Wiz 5, ﬂu?%méﬁlﬂﬁlﬂézéﬂiﬂflEi%jtﬁ?E@E{
Y63 (¢ ); BODIPY 39 78 DMSO 15 Cys iy i feo T, % 4 %o H A 5K B4R
i UV-Vis WUOEHE (d) Mzt (e) B YIE AR A T-Be o BT, R BT X 8 iR
Fig. 31  Structure of probes 38 and 39 (a); UV-Vis SN FH 240 B K B2 3R T R HE S A g4k T

absorption spectra (b) and fluorescence spectra
(c) of BODIPY 38 before and after reaction with
Cys in PBS; UV-Vis absorption spectra (d) and
fluorescence spectra (e) of BODIPY 39 before
and after reaction with Cys in DMSO

2.2.3 meso {LE 3 BODIPY #K4H#m Hey
ZHANG Z:N meso o7 B F U 5 IF R 5 5

HEHIE,
2.3.1 a4l BODIPY 5 4H49 20 it s i%

KANG %P5 i) 3-fifE%£-BODIPY #4F 1
(& 2) X HepG-2 4 i CN REME AT Lb 2 U 4 i
DG (I 33), WK 33a3 S (0 1 5 21 (0 iE
(79 ARG, MRS CNTIREE B TH, &l 33b3
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o6, FCE R AN, 1P 33d3 £ (U R AR Ak, B16F10 A375 HEK-A

{EE% (O E AT SR ZLA DOLAE S, EEI AR W 2 .
GEREWT, TREF 1 B RAFA A A E, RIS
BEANMIEE, TS A ONT RSO AR I o

Green Red

channel channel Merge Ratio

-HISOO

- 11.25

3.75

WA B T 488 nmyy SR I TE Y 530~570 nm; £ K8
i °H 630~670 nm
E 33 HepG-2 A 54 1 (20 umol/L) #¥ & 20 min
M4 (al~a4); 50 pmol/L CN 4b¥ HepG-2 4
Jfg 20 min (9 BL1% (b1~b4 ); HepG-2 4 5 #4T 1
(20 umol/L ) & 20 min, K55 CN
(100 pmol/L ) 1% 20 min KR (cl~c4 );
HepG-2 4iMs 544t 1 (20 pmol/L) 5 F 20 min,
RJG5 CN™ (150 umol/L) % 20 min HYHA%
(di~d4) B7
Images of HepG-2 cells incubated with probe 1
(20 pmol/L) for 20 min (al~a4); Images of
HepG-2 cells treated with 50 pmol/L CN™ for
20 min (b1~b4); Images of HepG-2 cells incubated
with probe 1 (20 pmol/L) for 20 min, and then
with CN™ (100 pmol/L) for 20 min (cl~c4);
Images of HepG-2 cells incubated with probe 1
(20 pmol/L) for 20 min and then with CN™ (150
pmol/L) for 20 min (d1~d4)1"

Fig. 33

HE 25 & 19 3 (753 BODIPY 17( K 9) 5
IH AN AR Wi GSH i#4T Vilsmeier-Haack MY
RN, PREFISE LR EE B W agne (& 34), R
P17 S5t E, Bl RRB AR
(B16F10). AR A FUE M4 ( HEK-A ) FE%
PR AN (A375), BREF R A AP,
UESE T HREF B L9800 20 il Bk . AR 4 i ik &
B9 ICAF 5 EASTR], d B 3k 86 241 it Hp A 9 i P /K T
RS o RIRET X A Yy AT 4 v 1) S B A

El 34 BI16F10,A375 1 HEK-A 401 5141 17 2 pmol/L )

WEE 30 min (3L R LT EIZ Y
Fig. 34 Confocal fluorescence images of B16F10, A375,
and HEK-A cells incubated with probe 17 (2 umol/L)
for 30 min!**!

MADHU 25V A Wik 2 Al 3,5 {7 W 5L
BODIPY #4118 (& 10 ) % CN Je i, fdfi A
FLIRE A0 ( MDA-MB-231 ) #4796 6% ( & 35 ),

AT PO R A ARAOMEE R, WA CNRij S 40
WHYZOLE S . ik 35 Fos, RAPEA 20

M A 9., Zoat BODIPY #8414 B AY 40 it ks
SRINEEEOTEE RS (K 35a), FHHRE ] A 40
WEHDEES . FIIA CNALEE, 4 s 4t
AR RN (] 35b), X 5N A 45 5
EWA, RUIRE R D40 i Y CN,

eSS EG; R EDOLRIE; AFREIEG
& 35 BODIPY 18 & MDA-MB-231 40 ffi hin A CN i )&
B Ca) A1 (b)) 3% 240 gl 15 1)

Fig. 35 Live cell imaging of MDA-MB-231 cells incubated
with BODIPY 18 before (a) and after (b) addition
of CN 14!

2.3.2 meso {1k BODIPY 484t 8% 28 B s A%

SUKATO %M ER4EE 44 (& 21) Kl i 40
i B S ALY B HepG2 41 Fl NaCN ## 5 60 min,
SRIGINA 44 (0.5 pmol/L ) FHiFE 30 min, 7E5G
WEE T, HepG2 4 4 20 ffd 5 H BH I ] WL 20
BT KRSE, FW meso (iR BODIPY 54l
44 0] DIAE R SR BT TE 05 4 i X ONZIE B v &
(& 36),
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FEHRRWASER ; ThiMCRISeEIG ;. HAREBIMEIR
%136 HepG2 M HFALAMALIE 60 min, ZJ5 H 0.5 pmol/L
AL 44 BEE 30 min F9DEE A 5

Fig. 36 Fluorescence imaging of viable HepG2 cells treated
with sodium cyanide for 60 min and then incubated
with 0.5 pmol/L probe 44 for 30 minl**!
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