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Progress in Organic Fluorescent Probes and Photocontrolled Releasers
for Carbon Monoxide
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(College of Chemistry, Chemical Engineering and Materials Science, Key Laboratory of Molecular and Nano Probes,
Ministry of Education, Collaborative Innovation Center of Functionalized Probes for Chemical Imaging in Universities of
Shandong, Institute of Molecular and Nano Science, Shandong Normal University, Jinan 250014, China)

Abstract Carbon monoxide (CO), an extremely important gasotransmitter, plays a critical role in a variety of physiological
and pathological events, thus having been considered as a pharmaceutical activity compound with broad medical application.
The physiological effects of CO are determined by its dose and spatial location. Therefore, the specific recognition of CO and
its controllable supplying are of great significance for understanding and effectively utilizing its physiological and pathologi-
cal effects. Fluorescence detection and photocontrolled releasing have been widely applied to track and carry active mole-
cules in cells, tissues and in vivo in view of their unique spatiotemporal controllability and noninvasive capacity. Herein, the
research progress of CO organic fluorescent probes and photocontrolled releasers in recent years is reviewed, focusing on
their recognition mechanism, release mechanism and biological applications. Finally, the application prospects and challenges

are discussed.
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Figure 1 Schematic diagram of carbonylation or protonation hydrolysis
reaction (a) and structure of CO probes 1~7 (b)
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TERE 15 CO RATHIEMIN. BRE 1 AP
§9(92=0.01), 5 CO &MJ5, HEJEFRBIER, 4R
PR IEAL ) (D= 0.44), X CO FIK IRy 1.0
umolsL " (=28 ppb CO). #4l 1 X} CO B/r T R4k
BRI, MR R RS 1 5530 7 HEK293 4Hfig CO ]
FRALAS .

BT 9CIRE B HLAFEIR SLiEME/ D 2
PR AR PO R B NN B
B B M- 5 R A A IO T RO R B, SR
J55 PA(ADBECHE, EihE R T X0 CO %OtiRE 2. 5
PREF 1 AN[H, 1Z3R4E S CO RAR T KR M. R4 2
BA B ROE TR (e =740 nm, XTI AL o
=50.1 GM). TEXOLTER T, HEF 2 AMUBT LS
T HeLa4lifiast CO, IBERE] T /NRIFH LY Hhigis
180 um f¥J CO.

TN BRI M CE AR 58 AR RS TR IR CO KPR A X
HE CO AN BAT B & . BRIl BODIPY
NRACFER, BER MBS, Fit& R T RE 3
Al 4. I CORM-2 J&, WMREHARE R ESA
ANFIFEEE RGN, 8 SR, SREFS CO KA T
oK N, HIEE THREE 3 (0=0.039), FIIEALIRAT 4
(©=0.009) 1 5 J5E T2 KSR BT, IR BT &%
SR YR E, HAR SR EEE. £ CORM-2 i#KE
N 0~80 pumoleL ™' JG[H 4, #REF 4 X CO HA RN
PEMA RA(R*=0.994), HATMPRA 0.72 pmoleL™". PAFRE!
4 FBAEIE T Z A DL RS R (OGD/R) 44
HepG2 #Hffl CO &M L. Mibms® gealy
PA(ADECAE, W& R T XGRS I LLA R 5
BREE 5 (Aex=760 nm, Aoy =660 nm). FREF 1] 45T B
CO, & WLI4ui NGt/ FE T4, /£ CORM-2 ¥
FEN 0~5 pmolsL ' B PREF T L PEMI R, CO (R°=
0.99654), HAGMIER A 50 nmolsL™". 4T 5 JAFHIITAT
ANIUR 5 R SHE A2 A FUR DO TR, DARER 5 R
FTEZ AR 2 HERIEC AR BE DL R/ N R
1 CO HIK ARk,

CO W] LAH s A, SR 5 4 8 A48 4 i
VA% A A B EAR OG0 (5 S ML 8T IE Co
TEYH MR b (0 o3 A, SRS B 41 o e BEAA,
DAt S B K BV E R e 6 B A1, 450l T e o T4
HUBET) CO RIERER 6. 1ZIREN T PLidi 4 2 (<1 min)Jf
B[] B (> 60 min) T4HARME. DAREE 6 BB T ik
7 Hela 4HHUTE g Z WAL Z M F CO /KT L.
[F, YEZ T4 77 HepG2 40 A X 2 Bk & LMy 5
AR N IEYE cO B, HHAESE T /R
BB E P A A UENE CO B ZAR .

TR AR IR ke Ry 58 e 3 B EE T CO 9k
PREF 7. 47 4E 0~8 pmoleL ™" < 5 Fil 4 % CORM-2
A% BTGP (R =0.994), HAMIFR A 60 nmole
L %475 CO MAUHEN BT UK I N, ZA474E!
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Figure 2 Pd(0)-mediated Tsuji-Trost reaction (a) and molecular struc-
tures of probes 8~24 (b)
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A FERE R 5 R _EARER 5 DL )
ICT i #E, MK E S RIER 6. fE3R% 8 5 PAC),
REWAHIA CO J&, HH PAd(I)AE CO i85 Pd(0),
B J5 PA(0) A0 2 2 H R IR 52 [41 &% 2E Tsuji-Trost B, I
RESTNERE NMERZRERAFEGDE, WS
ICT 28, %60, DL PA(PPhs)s N PA(O)BEAALRAIE T 1%
SOSHLER. [ PRET 8 VT INANAS [FJ¥R BE PA(PPhy), A TR
B, RIS AT 5 B R B PR 3 0 i AN W i, SR AR
EEERNAER, HUEREE PO FRET 4
T AL -TH BRSO B, 3 R B o BT gt — 2B IR T %4
. TEHRET 8 5 PACL SEAFHINA CORM-3 Ji5 [FIFE W %%
FIHHOGEFE R, IF % 4R Z AT SE2HL CO %t
K, S AR Y 8.49 nmolsL ™", # W& )85 1
A SN T ST B R R, B A
S AR RSO, CO. VEH LIIRET 8 IREE T
A549 s 1) CO.

7 8] 3 VT L 00 T o AR R i o i 8 s P A
BT LSO E ARHMAR) CO R4 9. 1AL IRIR 5 9%¢
TR MRS ) F 2 IS DS 2 G 2T B N BR 45 1, K
WREFDOE. 18 PACLAFAEF, #R%F 9 5 CORM-3 KM )5
W55 A SRR BRI 1 K AT Bk, AT AR R RO R, A
FEIRRAS, 2O6185E. FIFRE 9 NG TR, 1E#
FRIIHEEE T AS49 difuh 4 =55 1 CO L. bl
J&, NTRRRERER 9 fhEERR e VeI, R R A X g
FIHEAT 7 o508, DA R e T T 0 ()0 TR S Tk 2k AR B
9 TR SRR R TR ' R 7 e AN K e, Evh 4
109, M TFHREE 9, 454 10 B T Hfb i Fa et
[F) B, DAL o TR 2 Ik 45 F ] R AR PA(O) A 5 1
Tsuji-Trost S, FTLARER 10 v]%¢6mis Co, /T
HeLa 4+ ifi 21 %15 5 1) CO pif&.

DL P 22k 2 2 IR T M S AL 55, 4- 2 - 7- i 2 -
2,1,3-ZK FEREM(NBD) A 9 Y BEAA, 5K TR 2P0 i+ & ik
TERE 11 R PRI S AW T ICT 28,
PREF IO IES. e PACL A7 R, #4115 CO x
N Je, ICT SONARE, MR B ZI . SREF 115 S
equiv. CORM-3 W% & 5 H % e om 75 £, HARIFMR
BUEE, HASMIPE Y 26.3 nmolsL ", 34 11 MU AT 7E G2
W RN CO, & AT ATE B RS T AR AR IR =S
) CO. Y Ve Veo=2: 1 I, HEEIEMNAGER
B, FEERSMT G N R B B uOh. WREF LA T
HeLa 4iiffii ' CO FIAGM. ZIR AR RIE T LAZEIE DO
RN, XU T SRR R I A [ AL 1 (58 Y6 PR T 12,
HASMFE A 0.128 pumoleL ™" B bk, [RIRE LA 7 HE A%
FRBE NI o%, B RSP A 5 R - A
R NB R BT E R T CO ¥4 13. 76 PACL /21E T,
TREF 13 T4 S K2 CO, KPR 2 25 nmolsL ™.

bl 6 Y 5 S ERE R FL 615 5 FUAE AN 32 A 858 DA
JBORCERFEE R R R, )2 B T2 8 &4
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A3y [ g A L G AT 28 R e 9 e REAR B
BT LR CO PRET 14, 1F 3 LU 7R 35 205t F IR S ff
PR BER -2 25 W () = 3 ], kR RET 1ICT
R, R RO (=372 nm, Aen=472 nm).
M4 EREF S CO RN G, FEH IR, TREFE R
F&, ICT AP, MHRGCRMAK, KHEETEE
(Aex=420 nm, A =>545 nm), MTIEEIXT CO ELE A M.
LI R WIERET 14 7650 L HEE (Ratio =545/ L7, Aex =420
nm)5 CORM-3 #KE(0~15 pmoleL ") I K 4F 2kt
FHSEME, K IIPR Y 58 nmoleL ™' ##4%F 14 #H TR
AS549 AR 20 AT IR TE CO BIah. Ak, 5
PREF 11 80, ZAREHB AT T 25 CO FRRIRAS I,
&R T OCIREHEAR RIS SRR CO g 71, U TR
L RS e B 3, Z PR IRIE T COo H
RERER15. R4S CO PG, ICT NAKE, Hikafs,
T SEBLAE BEZE MR AN A LR CO ElR (Ratio = Isys/ Ly,
dex =440 nm)iBEE. K EAFECI LU ILZEWE W g M R,
175 DI FE kA e S 3 A 1l 4% T EL R A CO $RET 16. i%4RET
ATFE PP P EERAG I CO (Ratio =TIsys/Lyss, Aex =430
nm), FE45E T HeLa 4ifig+ CO LbE 4.

T AT A0 SR I T A 08 G A ik e LA 2 R
DI T, (AR 0T oA B 5 e e 180,
75 ] 3 OV DI A R R kR T A v 5 [ A T I 4T b
CO R4 17 (=670 nm, Ao =714 nm). ZIREH T
HeLa 400 141 235 S0 CO K LA K /N A CO ik
. ZAREAIE KRR T AT T TN IR R IR 1 £ Ak
99 CO HREF 1819, 19911 2017, iX = ANMFEH KT
HOSZEL T AR, BES A UU/NR A COo iR, Tk, 1
[ 5 SV T DU 9 S B o I A A, JeRH(Qey7)
RRFCEHARIE LA CO FREF 21. FIFiZREr, 1E&HK
WE T 7ER Z A S AL BB FE TR AR N CO /K1)
A A NRE TR e SRR I LT 4 CO B
FetREr 22, HILEN RECN0.98. fEPACLATE R, %R
RIS T AR . ALK CO IR, RE
AT TN R J YR B T CO FRE 23, #R%T 23
REAR U e S 2R AR (L e AL R 50N 0.97), T Hela
YRR CO Hff.

FHEFE T KI5 T (aggregation-induced emission
luminogen, AIEgen)fF > —FhEAG 0 5 M e 8 AL s ik
MARE, 72 A% BN A= W A5 S5 ORI o BRI
B 100N R IE RAESRGE T 1 ] ATE CO 6 HR%T 24.
5 CO PG, TREF 24 & ST iy 3k a4k, Bl 55
FROR, AR TR E TR, K4 AIE BL%,
MTTSEEL CO R, I H., BREF 6 H R (Ratio = Isye/ 1710,
Jex=465 nm)AAL 5 CO W RIMLRMER G, I ZARET
A SEI AR FR G R AN CO bhFefE ek,

2.3 ETHEXTFREKNEE CO RNKRE
F T 1% SR WG 1) G IR G AL rh SR IR R 3 DA 2
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FeME S, M SEILN CO A,

Dhara Z5HRAE T 1 1 ARG FE A RiJE ] CO 4R
b 25(1&] 3). ZARET AR SR CO, dHL P AR
SRR G ML PR TR . SR T
BT, SR BRI, JESEI T C6
RIS CO Biff. R, 2R VAR E
L b A B REL 25 133 CO HRE 2677, STl T
MCEF-7 ZH s BgAA s CO il
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Figure 3 Reduction mechanism of nitro with CO (a) and molecular
structures of probes 25~28 (b)

SR T AT TR FE R i 8 [ 1 4 T IR 404 CO R
Bt 27. COML RN N 2 5 A5 HREE ICT 2B 5, M
MR, PREF 27 vlHe S vEm B CO, FASIIFR A 6.1
nmoleL ™", {EFHFIFHZIREHIEW] T RAW 264.7 4 il #5454
B 81 6 B U ZF SRR CO 38 DA B B £ 7 v B A P
T CO BN

7 1] 3 S 72T D Sy A7 A B A R T T
TR ESD TN FHERBESIPT)EN ) CO #R4E 28.
PREF 5 CO [ M J5 HA SR RN L, A ESTPT 20,
M58, BL CORM-3 24 CO b4k, #R4&! 28 plizhih
RRAG T 4. PR fa AN R CO.

T, FARRSETIR IR 25~27 RS CO
FEJEGH(CORM-2 Fll CORM-3)71E R A4 1] 72 AL B i 4 5.
MAEREET ISR, 4 co Shmisk | HE Co Bk
FIH) CO RNREH B HREN 9806, FFH, fE7E CO fA/ER, B
BT BL A Y TEEE SR ERE RO . R, fEEIA
NET LR ) CO ROCIREE A B Gz i h X e e
W CORM-2 F1 CORM-3 F=4E [ CO. iZMF 78 8 A TEA
FIERE B, A D EAE AR FSKRIEN CO SHREF T H
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MTISAIE T 1% ML 7E26 2 ) CORM-3 i H 7 (30
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umoleL "R FEEVU Rl N, FREF T2 et 5 5 CORM-3 ¥k &
IR PER D, ARy 10 nmolsL™". ¥4t 29 w4 &
PEER M 2Rk, e h RECh 0.78. DLZIREF AT LAL T
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Figure 4 Proposed response mechanism of probe 29
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S A [ Sy 75 @ @ I o = 1 ek M= R 5 (VA
W PE N T IR R S, M F IR A4S Co
ORI AT 4% oy s SR bk, n AR X
SR ] BB CO A MBS CO B+
(photoCORMSs) 15 2| 7 1 78 A G2 I FF BRI H i, HHL
photoCORMSs R4 S B B R BIR S =28, BIAS
PRIIR WS IRIRE DL KR R B S
3.1 EFABMFZERLBR A CO XIERMSF

Neckers 5814 T A8 B 2RI TR G AREI
CO [IALAIEE — 731 30. 30 HIGMHLFEZ 1 40T 11)
TSy FAE SRR R K AR Strating-Zwanenburg RV,
AR T RIETEE L 2 53 F ) CO, JEMRRERE
&, PR R S).

T Ik AE SRR R 2 R B S R IR E RE
Liao S+ & Bl TGN 31~33. 7F 470 nm Kt
W (LED) MRS, (L&Y 32 wI7E —H ZIEH(DMSO)
WA RO AR N, BT S R 5 K K
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AN, FEKIE(1% DMSO)H, tL&) 32 TEIETE 470
nm J6ME N R AL I B, BLiZ AR A W RIS
(400~550 nm)H HE A OB, 0B eI
B, BEJGVEE B IX =R AIR FR AL A0 PR
FALSE, R ANRR IR G /K i M F [ s R P B o P9
K7 () G H K A AE Y, DUE BEAE K I AT e i
PR CO. JEId 58 Ah o] WG ik i e M EE, I i &
) 31~33 £ 470 nm JEIEHS 10 min J53 B A B &
o, 30 8% T1%F1 90%. AR JEVEE 7 il FH AL
A Fe(ID[MbFe(IT)]¥ K LA K & BERE R S0 0E T IR R
A 5 AR AR — R 25 MG IR T AR R CO. 1R
I I I A 1 SRS UE B T I =R R AL CO BT T
YRR AN, B T s T AE A
N CO A= FEINRERE 7T B AT 1

31, R=H
32, R= (OC,H,),0Me
33, R= OCgHy;

B 5 CO LI 30~35 fzitak
Figure 5 Molecular structures of photoCORMs 30~35

R T AR 7 e 35, Yamada
GO IR AN RIIE —FR S5 H B4 ) BODIPY B4 b
WtA R T Ok CO BHGR 34 1 35, M THLA 30,
X AR T (A RO T AE B 2R R 2 R A AN R R
B LT R (34: B KU 560 nm; 35: fe KR IIE 623
nm), HENMEZ G R E T =R KRR, (81 H
PIEHIBEE CO B

Bashur 2K AL A4 30 N B B A ME R
iR CNEES K. £ 470 nm (37 mWeem IS,
Z A WALE AR S B8 1 T 40 IR 55 35 b T o 3%
i Co, HAlFw LA E:. fEe Rl Co Ja, /h
BRI - LA B R ISR RO 7 1% R B R T B B K
PAK R IE T A B bric . IXRhE CO BRIt %
B ER A B AR I TR AR B R
32 ETHBRAMBRRNAE CO XIEBRMS T

Klan 2584 B T A WG CO R T BRI
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36 (6-F23E-3-EA-3H-H-9- ). WL HEIE T O IR
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B-9-F LA K 1 53F CO. AXT TIefEEr=, (&4 36 &
BEEMPOER TR, FMZ MR 7R T
SRR, SONRTE A R REAR L. B AT I RO T
PLR S T RORE: 36 HIJeHLITRE. gk
KM FRILMLEY) 36 KA RIFHRIKEME. FR,
£ 500 nm LED YIRS T, XFbb 7 IEA A IR & 22 v il
RO RE, S5 R EoRI A 36 76 pH N 5.7~7.4 2%
Wﬁﬁ#ﬁﬁﬁi‘ﬁﬁﬁy‘ﬁ&ﬁﬁﬁ FWZRE FBGR P 75 A 22

H 24 N B RO CO. it CO 5 ekimer
%E{%%F#@%sﬂmqﬁ 1 (COHb) G IE T Yo ffid 72 v
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Figure 6 Molecular structures of photoCORMs 36~38

N FRRRETIGR 36 & R ME HofE DL AT #E— 2D Ak
MBS 1), Klan SIS R T DURIE LR
£:[], BODIPY N7 B2 CO SR 37 Al 38.
2 FHUEER(HMO) 5, BODIPY ‘B 285 B/
ARl Ja S B A MU T = 0 A, VIBIRAE T 37 Fi 38
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Figure 7 Molecular structures of photoCORMs 39~49
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