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Design, Synthesis and Application of CO Donor with Green Light
Controlled Release and Fluorescence Enhancement Response
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Abstract Carbon monoxide (CO) is not only a toxic gas, but also an important gas signaling molecule that plays crucial
regulatory roles in various physiological and pathological processes, which include neurotransmission, vasodilation, mitigation
of inflammatory response, and anti-cancer activities. Therefore, development of CO donors for controlled release of CO with
simutaneous fluorescence signal generation for quantification and tracking purpose is particularly useful for CO signal
transduction and quantity-activity relationship studies. Herein, a novel photo-controlled CO donor BODIPY-Fla-1 was
designed and synthesized using 3-hydroxyflavone (HF) as the photo-triggered CO-releasing moiety, which is conjugated to a
boron-dipyrromethene (BODIPY) fluorophore at its 4' position of B ring via a double-bond linkage. It can achieve photo-
triggered CO release under green light-emitting diode (LED) light irradiation and aerobic condition with simutaneous
fluorescence turn-on responses at 562 nm for convenient tracking CO release via fluorescence imaging at green channel in live
cell studies. It was also verified that the CO released by photolysis of BODIPY-Fla-1 can effectively reduce the level of intra-
cellular superoxide radical and alleviate oxidative stress. This incorporation of a conjugated fluorophore moiety via a double
bond linkage provides a new design strategy for development of HF-based CO donors with longer photolysis light and fluo-
rescence response wavelength.

Keywords carbon monoxide; CO donor; photo-triggered release; oxiditive stress; green fluorescence
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(a) Reported 3-HF derivatives for photo-controlled CO release
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(b) Representative 3-HF derivatives with photolysis wavelength in visible or
near-infrard region

Cyanine-Flavonol Hybrids

(c) This work : Incorporation of a boron-dipyrromethene (BODIPY) fluorophore conjugated to the 4' position of 3-hydroxyflavone (HF) via

a double-bond linkage
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Figure 1 (a) Reported 3-HF derivatives for photo-controlled CO donors; (b) Representative structures of 3-HF derivatives with photol-
ysis wavelength at visible or near-infrared region; (c) This work: incorporation of a boron-dipyrromethene (BODIPY) fluorophore conju-
gated to 4' position of 3-hydroxyflavone (HF) via a double-bond linkage
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Scheme 1 Synthesis route of probe BODIPY-Fla-1
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Figure 2 (a) Time-dependent UV absorption spectra of BOD-
IPY-Fla-1 (10 pmol/L) upon photolysis; (b) Time-dependent
fluorescence emission spectrum of BODIPY-Fla-1 (10 pmol/L,
Aex=1520 nm) upon photolysis

All measurements were performed in 10 mmol/L pH=7.4 PBS buffer.
Photolysis reactions were performed under a 15 W green LED light.
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B 3 (a) BODIPY-Fla-1 (10 pmol/L)& %S 15 min A0
¥4 NF-APC (10 umol/L)55 NaxPdCls (60 pmol/L)Ji5 % 6 K 5
P I I TA] 38 4k (Aex=620 nm); (b)45%1 BODIPY-Fla-1 (50
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Figure 3 (a) Time-dependent fluorescence emission spectra of
10 pmol/L BODIPY-Fla-1 preirradiated with green LED light for
15 min incubated with NF-APC (10 umol/L) and NaxPdCls (60
pumol/L) (Aex=620 nm); (b) Time-dependent absorption spectra of
the probe BODIPY-Fla-1 (50 umol/L) coincubated with Hb (4.2
umol/L) upon irradiated with green LED light; (c) Corresponding
time-dependent calculated COHb concentration upon photoirra-
diation
All measurements were performed in 10 mmol/L pH=7.4 PBS buffer, the
light source is green LED, 15 W
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Figure 4 Reaction scheme of CO release from photolysis of
BODIPY-Fla-1
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Figure 5 Time-dependent of fluorescent intensity changes of
probe BODIPY-Fla-1 (10 pmol/L) at 562 nm (1ex=520 nm) in
PBS buffer (10 mmol/L, pH=7.4) after the periodic irradiation
with green LED (15 W) in every 15 min
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Figure 6 (a) Percentage of viable HeLa cells after treated with different concentrations of BODIPY-Fla-1 for 8 h; (b) Percentage of
viable RAW264.7 cells after treated with different concentrations of BODIPY-Fla-1 for 8 h
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Figure 7 Fluorescence imaging of CO-release with probe BODIPY-Fla-1 in living RAW 264.7 cells. (a) Cells were incubated in normal
media; (b) Fluorescence image of cells incubated in 10 umol/L probe BODIPY-Fla-1 for 10 min; (c) Fluorescence image of cells incu-
bated in 10 pmol/L probe BODIPY-Fla-1 for 10 min followed by 30 min of irradiation; (d~f) Corresponding bright-field images; (g)
Relative fluorescence intensities of fluorescence images in different cell groups (Fluorescence images were captured with Aex=340~380

nm and Aem=>425 nm; irradiation light source: green LED,15 W. The error bar represents the standard deviation of three repetitions,
%% P<L0.0001, ***P<<0.001)
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ez R, WK 8 Frzr, H 10 1 50 umol/L BODIPY-
Fla-1 40P 5 A 3047 ' HE 40 i 4 R 480 F Pl R /KPR B0
H— KR R, BB S B REAT A A S B
—ERIPTELLIEYE. Bl 10 pmol/L BODIPY-Fla-1 4bFE
YL, SOGIEST 30 min, 4080 A S E K%
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AR BEK, TTRe SRR CO MEAA . T
1 BODIPY-Fla-1 iR 124 50 pmol/L B, 7] LLWI%E
B LA HR B N B2 ) OB RRFE A RIS, 177 50 pmol/L
1 F6AE e =) BODIPY-Carboxylate-1 A K I H B
BT HRE AR, VLTI RO CO i
AR, e AR AS49 A A ik
KT

1.5+

ns

*

* %%

0 10 10
0 50

1
1

1.0

0.- I
0.0- ‘ T \
10 10
10 50

Rel. MFI

o

H,0, (umol-L*)
BODIPY-Fla-1 (umol-L")

10

50 BODIPY-Carboxylate-1 (umol-L-")

+ + + hv

B8 A[F¥K ¥ ¥) BODIPY-Fla-1 4% U ol RIS 4% 1R R %f
A549 SR R H

Figure 8 Anti-oxidative stress effect of different concentrations
of BODIPY-Fla-1 on A549 cells in dark or under green light
irradiation

Error bars represent standard deviations of three replicate images
in the same group, ***P<.0.001, *P<<0.1, ns: no significant
difference.

2 Zhig

DA 3-F2 BB AR N iR CO [, i i 7 3
P 1) B 2R 40z LLXSUEE ) 77 5051 N BODIPY 2% 6 [, »it
BT —FRATIESE IR R CO R BRI
CO 451K4> T BODIPY-Fla-1. ‘& 1E /K o T B4
A ACQ B 5 AR R AR, LRI G R CO, AE Rk
ISR IE S K, ACQ ZUNTH 2%, 774 562 nm
(R U, it 5 UGN CO 4544 BODIPY-Fla-
175 RAW 264.7 E W4 i 6 RERR 70 CO J3EAT T WAL
RAW 264.7 ERE4HAETER 50 pmol/L CO %14 BODIPY-
Fla-1 15 )5, 440 LED A7 M85 il i 5¢ 6 g v il
SR B R AR M e G 5, 30UE T HLRETE R A1
AR RSB ERR I CO, FF Rl P AR 2
SRS 5 FRES CO M. LAk, AIRAE eI B CO 254k
BODIPY-Fla-1 Yt ~=4: 1) CO BAAMIhRE, Lt
AT EER) AS549 20 4 i S8 A N gAY, BOD-
IPY-Fla-1 1 & J5 L2 GRS N R CO, AR FEL T
4 ke A E B R KCT, R IR AR, U0 %
CO A RIEI LRI CO BE M4 AR i A b B K T
FHEC T 3-F2 BE v AR BF A% 75 BEAE 400 nm /e 45 () DG
SN A BERE T CO, BODIPY-Fla-1 7E 550 nm 4%t FE 5t
TFHEPARER CO, KKt LR g B B bt
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FEIRMA L T EVE. X PhEL e 3-F2 5 B HIRE B 345
ANFEHOW B IE IO G B vt R @ e, vt — T
FOCPASTE R ATPOLERER CO BIADEHE CO 4k
oy T HIBH SR 1O B R R

3 LIRS
31 X5

A% W 3 R A 0% RN 1% 5048 B Brucker Avance 400
NMR # kR 4 AT Brucker Avance 600 NMR %% 1
FIRBGN E. FiE A ES A Micromass GCTTM. fip
FH AN e e B 11745 Shimadzu UV-1800. T pH
114 METTLER TOLEDO /A &) A= /= F{E#% 5K pH 11, %Y
525 Seven2go. 3CHT AT ¥ B A I 70 AR BR A 4R
PRULH, 34 AR 4.
32 ZWHE
3.2.1 <4+ BODIPY-Fla-1 %94 &k & % fE

WOR/INE & I S NE, Kb &7 1 (44 mg, 0.2
mmol)F1L &4 2 (64 mg, 0.2 mmol)JEBE T SmL /KL
Eep ) H AR UOIMAIRIE (81 uL, 2.0 mmol)Fl Z (81
uL, 2.0 mmol), MEITERE G &5 FRZE, K RMNEE T
BRI, BRI R BIREEN 120 C, RNMIIFRA
80 W, SBFTE]N 30 min. SN 5E B PR A R, i g,
JEVR VK QS ik, M= g E A 3 H fr ik &
) BODIPY-Fla-1 36 mg, f=%:39%, 44 [i{k. 'TH NMR
(400 MHz, DMSO-ds) 0: 9.93 (s, 1H), 8.36 (d, J=8.3 Hz,
2H), 8.13 (d, J=7.5 Hz, 1H), 7.90~7.75 (m, 7H), 7.55 (d,
J=16.3 Hz, 1H), 7.49 (t, J=7.3 Hz, 1H), 7.19 (s, 1H),
7.15 (d, J=4.0 Hz, 1H), 6.56 (dd, J=3.9, 2.1 Hz, 1H),
2.36 (s, 3H); 3C NMR (151 MHz, DMSO-ds) 6: 173.0,
157.5, 154.6, 145.4, 139.8, 139.5, 139.4, 137.4, 136.7,
133.9, 133.9, 133.3, 132.5, 128.3, 127.7, 127.3, 125.4,
124.8, 124.6, 124.6, 121.3, 118.6, 118.4, 117.9, 117.0,
11.3; EI-HRMS calcd for C,7H19BF2N>O3 468.1457, found
468.1462.
3.2.2 %4t BODIPY-Carboxylate-1 #9 & m% & % 4

% BODIPY-Fla-1(20 mg, 0.04 mmol)¥& T 1 mL —
F B (DMSO) H, K iR AL S BRI 2 20
mL ¥ PBS 1, 7E£R(0 LED AT I RS T HidE B 6 h. &
NsEYE R, A A BE(DCM)AEL(20 mL X 3), & 7F
AU, TCKRBREN T8 Ik, M=k
FEEHTEiIE H¥577%) BODIPY-Carboxylate-1 5 mg,
FEER 25%, LKA E K. 'TH NMR (600 MHz, DMSO-ds) 0:
13.05 (br, 1H), 8.20 (d, J=8.4 Hz, 2H), 7.99 (dd, J=17.8,
1.6 Hz, 1H), 7.92 (s, 1H), 7.90 (d, J=16.5 Hz, 1H), 7.85~
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7.81 (m, 3H), 7.71 (td, J=7.9, 1.5 Hz, 1H), 7.59 (d, J=
16.4 Hz, 1H), 7.45 (t, J=7.6 Hz, 1H), 7.39 (d, J=7.7 Hz,
1H), 7.21~7.18 (m, 2H), 6.58 (dd, J=3.9, 2.0 Hz, 1H),
2.37 (s, 3H); ESI-HRMS calcd for CysH20BF2N,O4
471.1333, found 471.1318.
3.2.3 %4 BODIPY-Fla-1 #4538 ) i,

PEILIE R i HoribaScientific 2 &) 42 7= ) i 5
A Fluoromax-4 5864, WU B S A =) A=
FE A58 UV-1800 BYKAMy F BEZR A, K CO %5
1&4rF BODIPY-Fla-1 T DMSO H, #ll#iKEHN 10
mmol/L FJREE & . CO 2447+ 58 S BT i 7135
N PBS Z28(10 mmol/L, pH=17.4), CORMs KW JE Ky
10 pmol/L, FR4EFEFERE N 1 nm.
3.2.4 @it 41 & & k0 F 484 BODIPY-Fla-1 #73
CcO

LA e IR PBS A Hb £ HHCO %%
LA E CO MIRE. /el 2 A gl 4 & (A 5
SVEfET PBS (10 mmol/L, pH=7.4), FA&IKEH 4.2
umol/L, #RJGTE Ny ZF T A % Z MV 5 B A3 Ji 1
LA, {EE MR N B 479 Hb ) PBS AN
[ (1) CO AR 7r T REM, A FH R 50 pmol/L, ¢
P B ML E, AR5 A AN R S JR R DB 5 CO BRI
FHIR L AR, ARPEAFAE S I CO HIRE IR
W CO BT 2 &
3.2.5 %4t BODIPY-Fla-1 #3% CO #9508 & &1

%t BODIPY-Fla-1 [44SR )06 S B
B4t LED R MN#s, B GIDIZ8 15 W,
LS T N A% T R B 7R T 4R S i, {3
1) JAXMAN A |4 =185 5 E2L 1486 LED FH#
i, BT A7 W, HIRTER SN E 7R 12 cm (1)
A7 B AT RS
3.2.6 174t BODIPY-Fla-1 & %m i & 1+ 52 3

¥ HeLa A EEFE SRR 00N 10%/16 4 MLiE M
AR ECN 1% B AR ST LL T-25 A2
i, F 37 CREERENSHAEKIE, 76 96 FLR HEF
Y EIR(100 uL/AL), FFAEREFRMR LS 7756 b ik 7%
TR T S TR R 2 A LR B R 45 AR - In 3 S 56 £ L
b, AFHZIREE SR8 20, 500 100 pmol/L, FEANKEE
FEEANHLIAL. KR T 37 C. BB ECN 5% CO;,
5 E 8 hJm, LI 10 pL CCK-8 ¥, K535 IR AE
BRFRAAANEE 8 h, FHEGHRACNE 7E 450 nm &b HIWEEE.
Y M AFIE R 5 200N Cell viability (% of control)=
(ODgG—O0Dz6)/(ODcg—0Dz6) X 100%.
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3.2.7 4 BODIPY-Fla-1 &9 @ Jf. 5 S sk A% 55 36

¥ Raw 264.7 20 EERD TSR3 0 H0 10%)6 241
T AVAR T HON 1% 2B & 201 T-25 4k 7=
A, 7537 CRE59%48 h, SLIOHT— KK A3l 6
LR (ThermoScience) I, {4 figlikEE. ¥ BODIPY-Fla-
1 ALl % 100 mmol/L [ i# &3, # Je n B4 s 36 FL
RN 10 B 50 umol/L, SEE&FL 5% IEFLIY T
37 C. BENHFE 10 min, [l )56 R H S 6 U 30
min, 15 AT 47 LR R, JEA PBS SRl
PR, INONGHT 55 77 35, 7F NikonEclipseTi-S & 1 5t
(Ex515-560) F-LA 20 £ #0456 4E 500 ms B[R] T 4148 &
%.
3.2.8 44+ BODIPY-Fla-1 #74 CO 3t &AL & % 09 %
o)

BAE T3 BUE K I AS49 4H i fh T N FLAR R,
£ 37 C. K ECN 5% COL IR I M R 95
&, a4 10 pmol/L 1) HaOo K TR P 25 40 L3R B (1)
BODIPY-Fla-1 5 BODIPY-Carboxylate-1 JiliF| 52546 1L,
o 2R 25008 10 8L 50 pumol/L. Fifi 5 SEER 2%
8 30 min, 37 ‘CEOGIEE 4 h fa, ERIERIFRE, A4
FLIN PBS FiBeft) 5 umol/L 454+ DHE, K58 FR MR AE R
FEAENIEE 30 min, H PBS (2 mLX3) ek, Dx
oy B AHENZN NN Y DHE, F6J5FH PBS T EE &
HANEZE B A 96 FLRkH. BT DHE 5G4 (ROS)x
NREE RS SRR CO IR CH ES, Wil
5E DHE JiZHT 28 R EHUK: 370 nm, K4 420
nm), 5 5 pmol/L DHE 7 i 4¢3 I 22 75 21 0%
JERRE, AH I ZEH RIARA AT R 4 Y ROS 7 &

B Ak (Supporting Information) #5414+ BODI-
PY-Fla-1 [1)%¢ e ¥R & 915 B, #R%F 5+ BODIPY-
Fla-1 Y¢f# 60 min J5577%) BODIPY-Carboxylate-1 f{]
WA — L REE, 4> BODIPY-Fla-1 784 [ f8 5}
IFE] R B LC-MS % &, #8%%t 5>+ BODIPY-Fla-1 fEJ¢: [
RIS IS EUE AT B, BLA RS 70T BODIPY-Fla-1
SERJRAER 'TH NMR. °C NMR MR &, X eeftglaf
LG % MAS T 9 3 (http://sioc-journal.cn/)_F %k,
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