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Two-Photon Fluorescence Probes for Small Biomolecules Imaging

Huang, Chibao™** Chen, Hui  Li, Fugin®  An, Siya“
(“ Chemistry and Chemical Engineering College, Zunyi Normal University, Zunyi 563002)
(® College of Agricultural Science and Engineering, Shaoguan University, Shaoguan 512005)

Abstract Small molecules (biological small molecules) in vivo are not only in a large number, involving inorganic small
molecules, such as SO,, H,S, NO and CO, and more organic small molecules, such as monosaccharides, oligosaccharides,
hormones, coenzymes, glycerol, stimulating factors, regulatory factors, Vitamins, efc., moreover, play an important role in
pathology, physiology, and so on. Therefore, it is necessary to observe and monitor small molecules in vivo in real time, and
the two-photon fluorescence probe is a necessary tool to achieve this goal. The advantages of two-photon fluorescence probe,
such as fixed target (very small dot) excitation, high horizontal and vertical resolution, no photobleaching, no phototoxicity and
deep imaging in tissues, and so on, demonstrate its unparalleled superiority. It can be used for dynamic 3D observation and
monitoring of biological small molecules in cells or tissues. In this paper, CO, monosaccharide (glucose, f-galactosidase), SO,,
H,S, NO, peroxy (sulfur) compounds, mercaptan/thiophenol, '0,, formaldehyde, HNO, HclO, O, and ONOO™ two-photon
fluorescence probes which have been developed in recent 5 years were reviewed. The sensing mechanisms of these two-photon
fluorescence probes were systematically analyzed, and the development and prospect of two-photon fluorescence probes for
small biomolecules are prospected.

Keywords biological small molecule; fluorescent probe; sensing mechanism; fluorophore; receptor; two-photon bioimaging
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Mechanism of CO detection

B 1 AR E R 1 S A
Figure 1 Redox abscission-signal output method (RA-SO)
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KR EE N 0~180 pm, e KHH TR K A =
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Figure 2 Photoinduced electron transfer mechanism
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Figure 3 Decomposition-signal output method (DSO)
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Figure 6 Azide group reduction recognition method (ARR)
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Mechanism of H,S recognition by Michael addition
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Figure 7 Michael addition mechanism (MAM)
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output, OBAO-SO)(E 9). FLSLEREHAME NO HEALHT, &
e RO BT REROT 2 IO R K, TREFA K%

http://sioc-journal.cn/ 2473
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SR SHR

3
&

.

G vo, 3
0,  Zpn

Mechanism of NO recognition by o-phenylenediamine

K9 IWEHEENES5HTH
Figure 9 o-Bisamino oxidation-signal output (OBAO-SO)
TREF P20 SRR B 4, 2R 40K — f%(Eq.
13). HYERESHE At =583 nm, Ao =820 nm, Aegn=
648 nm, IR 46 nmolsL ™', @6,,,,=38 GM, ®(P20)=
0.03, @(P20-N)=0.42, KRN 170 umP2 EZ 5
Ty b FH R 00 200 A P R R AR P A B NO.

e

PET

5.1.2 SRRk ok A 3R F 5k A

T OBAO-SO WL I ERER P21 5% 6 2 2 5
RN, 2 AR AR T (Eq. 14). HIERESHL =
408 nm, Aex ' =810 nm, Aey=>535 nm, @ (P21-N)=52
GM, # PR )y 0.084 pmoleL ™!, K INEE A 90~180

e

PET
NH,
X
= NJLN NH, NO+O;
N - H —_—
s
s
P21
PET

o
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um, FeEHEEE 12 £550
52 w-FZHARENSFRER

P AP RS AR TR NO EAL A,
EA T W G R, RSN AS B IR S5, 2L
K A & L A 15 5§ H (Secondary  amino oxida-
tion-signal output)(& 10).

Mechanism of NO recognition by amino group reaction

B0 MEEE-ESHHE

Figure 10 Secondary amino oxidation-signal output

P22 SREFZE AL Si-ZPH RO A 1) L0 Ak
BRSNS BIROE TR HEREr, Pt 2R
PP (SIR)AT AW, T 4- A 5 - H R K % (Bq.
15)P4, HAERES K 10" =651 nm, Ao " =820 nm,
Jem=0672 nm, MR 14 nmoleL™", @0, (P22)=0.14
GM, @5,,,(P22-NO)=64 GM, ®(P22)=0.002,
@(P22-NO)=0.23, IR AN 200 umP. 7T HF4:4
AT NO FRSIIAI R &K & H NO [l

(15)

6 AT (F) LIRS

6.1 MEAFHEMSIRE

H,0, TEZ MR b e & 2 R EEMEN, &
I FE R, HaO, M3k &= A S hE < R PR3 A0 L 75
PIRA R, R, BRI HoO, 7EVE A0 HZVRIAEY R N
MIFEAE Tl H,0, 7EAEYD SR I/E G B2, Rk
FFRHATARN H0, K5 SR X0E 75 68 Er, aT
PUIREN IR HoO, SIS K 55 . EERIRAR.
6.1.1  A-m-D BFF Jp UL T3 AR

FAb AT BB R T S(TPGQDA20, Ay X =350 nm)fF
LA ] DF, WHAE 244758 ] AF (1) P23 (Eq.
16), 740 nm 0GR TPGQDA420 & Hi 420 nm HIGAE
RECRIEIR, ROk P23 2 ki 537 nm ISR
o6 24 P23 i H,0, 4k )5, P23-OP KA 537 nm K4+
B, BEE FRET ALHIZERE, {2 TPGQD420 & i)

Chin. J. Org. Chem. 2019, 39, 2467 ~2484
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WO, B EME T FRET(A 11). 34 P23 156
Pl RAEE R, 2R BMC3PY. P23 HIMERESHL L =
420 nm, Ao " =740 nm, Aenm =537 nm, KW 0.05
umoleL ™. T 38 3k S W 7 e b 28 (F 0/ Fs37) BRI B 22 3K
R FE R 0.2~40 umoleL ™" ) H,O, FIAS AL 1, 6
BRI A 0~600 pm),

(16)

0O o) Br
M P23 P23-OP
hv (740 nm) hv (537 nm) 20V (740 nm)
hv" (420 nm)
/ FRET

Mechanism of H,O, recognition by TPGQD420-probe

Bl 11 TPGQD420 %R HO, LR

Figure 11 Mechanism of recognition H,O, by TPGQD420-
probe
6.1.2 ZHZBEIEABET R AR

PR P24 61 0 p AR, Sk O, AU RAE N
BUSTEL, TERGTIOBAE, SERE R4, HIEHEm
T EEEERK, SOURIE. TR R AL 4%
oS- AN 4E AL —15 5 % H (., f-unsaturated ketone oxi-
dation-signal output, UKO-SO) (K 12). HMEES 4L
JabsT =425 nm, A T =750 nm, Ao =485 nm, KillR N
2.1X10 "moleL™", KIIEREER 120 pm P 0T X0
FRGHUEHEAR M A 22 45 1) HyO, (Scheme 3).

(0]

H,0
‘)\/U\ 22 %& CH,COOH + HCOOH

Mechanism of H,O, recognition by oxidation

B 12 o p- AR S -E 5 5

Figure 12  a,f-Unsaturated ketone oxidation-signal output

(UKO-SO)

Chin. J. Org. Chem. 2019, 39, 2467 ~2484
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CH3CO,H + HCO,H

Jexl Aem = 370/485 nm
P24-OP
ER3 P24 5 H,0,EM
Scheme 3 Reaction of P24 with H,O,
6.2 MAFEHMUIIRE
6.2.1 RFFeRedogok A UR T R KA
FT DSO JEHHRES P25 (561552443 7
IRFEMEEEIRAD 2-9-5-TH B R R JE, 524k 2-9K-5-
THER RIS HS, (EFIMRR IS, P25 #7454 P25-DP,
W N R, R RE G RE, KA ICT MM, %
3R (Eq. 18). EATHIPERESHL du (P25)=368 nm,
Jars F(P25-DP) = 362 nm, Ao (P25-DP) = 730 nm,
Jem(P25)=1536 nm, Ay (P25-DP)=534 nm, D6, (P25-
DP)=50 GM, &(P25) =0.01, @(P25-DP) =0.57, #ll[R
0.5 pmolsL ™", ¥MIIREE A 245.8 umP”. 841 P25 H A
57 fERDGIG TR, B URSEIL T X VG40 i i A
Tk~ -G 3G 0 AR I Tt P - S AR I 7= A ) PR H,S, AT
k.

ozN@o Z HoSp === HaS;
_ =
F p2s
HO 7

P25-DP

6.2.2 Y9 AAFEERBATF R AR
REF P26 RS2 T DSO JEH(Eq. 18). It 5%
Py R G R 2-F-5-RE I R A, Hoat@it

http://sioc-journal.cn/ 2475
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FEEREME 2-5-5- 2K H IR E LT A, TR
SRR R3S, PEeH] R BT REE S T Ak, T ERIE
22 E(TIARENZ IR 226 H] F, B ICT 5Z2FH),
KA PET MU, 20HK; 15 WS, fEH G, S %,
AR R P26-DP, ILES PET 25fH, &4 ICT ML, 263
P EAIIPERESEE s Y (P26-DP)=450 nm, l,(P26-
DP) =512 nm, @3,,,(P26-DP)=500 GM, £l f} Hy
1.52X 10 "moleL ™", AIZEE N 200 pmP*,

no fluorescence |CT-off fluorescence

ICT-on

O
i 2O =
H2S; e
— (18)
(6] O
\/ HO
e

NO2  pET.on

2

{

PET-off

P26 P26-DP

6.2.3 (2-T LA -6-R A FK)-F LT 5 AR

2- Lk FE-6- R FEZE (Acedan) I A ALY Y6 4] DF, ¥
FHZL(Rhod red)ENZAIRR A AF, [FI) AF 26 2-
S-S-MEEE IR FEEL, TSR TR, BAHA
R TERGEERFE B, Bl PET-on, %6 HEK, IR
A DF &t 448 nm ¥ 4758, 4 P27 5 H,S, RV JE, 2-
S-S-RHFE R H R SE RS, DU PET 2%BH, DF &t ) 448
nm W AR EVERBUROEIR, Wk AF &K H 541 nm
Pt R BLAR , BT HEAT 5% 6 Ee g A6 I 5 2 Al
J& T FRET Ji Bf (Scheme 4). B 1R ¥ 68 =
Jabs'(P27)=370 nm, A" (P27-DP)=511 nm, Ao =
740 nm, A.n(P27) =448 nm, A.,(P27-DP)= 541 nm,

2hv (740 nm)

____________________

Omax(P27-DP)=27 GM, K& IFR Jy 0.7 pmoleL ™' P1. A ]
TG H,S, i B

7 FOLTFHEARE R

BFERBEH IK(GSH) 2 PEERR(Cys)Fa R Y - 2
P& (Hey) 7L PN 17N 93— A2 0 I A 248 20 i S8 A0 08 i 3
s EEERH. CINE 253 Mo ok
5, WK SN BKRREREAL . BT R P BRI A 4 AR
S, AR I ) AR ARSI SN RO R
KA A=) R G AR, O T2 S IRE 1A 2 il
JEIX— BRI 4.
7.1 D-m-A BIEF RN T FRAE

VIR ER S P28 AR AL Cys 5 o f- NI
FEIE PR A TR 1,4- 00 A i ik o a4 G e &
V), P28 L £ ML, SR P28-DP, UL ICT fuif,
POt o, SRR EALJE T DSO J& # (Scheme 5).
®(P28)=0.04, &(P28-DP)=0.12. #i H,S 5 P28 [}
RN, BSEINEY) P28-AP, O(P28-AP)=0.03. [AIt,
WH RS Cys fEHERGE®. MRS H:
Jan P(P28-DP) = 460 nm, Ao (P28-DP) = 780 nm,
2em(P28-DP)=594 nm, 6,,,(P28-DP)=24 GM, #& [
N 0.35 pmoleL ™' 01,
7.2 MESFEFNFRAH

BT DSO JFEHIIERER P29 (1986 A DY & A % B
il (Eq. 19), H ¥ 6 2 . Lu "(P29) = 358 nm,
Javs T (P29-DP) =398, A.n(P29-DP)=509 nm, A" (P29-
DP) =740 nm, @6,,(P29-DP)=19.8 GM, &(P29) =
0.095, Fill PRy 53.1 nmoleL ™' 41,

2476

B4 P27 5 H,S, MIEM
Scheme 4 Reaction of P27 with H,S,

http://sioc-journal.cn/ © 2019 Chinese Chemical Society & SIOC, CAS
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o) NS Q
\)k | -
O
P28

P28-AP

B 5 P28 S MtEmMEN
Scheme 5 The reaction of P28 with cysteine

: ) O? HS/_>—COOH PET-on

Q = HoN e

\)I\o o —— ozN/_\
P29

o)
NO,
N\ N /N i
o S 0=5-N N O O\ o Thiols
1 N4 e \_/
HO o) 3

P29-DP

PET-off

7.3 EETREE TN TFHE /ﬁ\
HN/\ O

P30 (H9GIHER: 2.4- I RBEREIE, A% ViR LN
W TIE, S0k L T FREAERERS, B PET-on, 92 DO
FHER; MGG, 2,4- R IERREIE R 7, 9% I “@)
el ERI AR IR R RS, R PET-off, 2%)6[1K H P30-DP
¢, BRI IRER S EUR T B P IE S ICT Mwk s
THFS, (RAE I HR(Eq. 20). PREF T LWL i I M N7 N
KK HIES, FILET QGA-SO JREE. eI EhE
BH: A (P30-DP)=368 nm, L., (P30-DP)=805 nm,
Zem(P30-DP) =540 nm, RN 2.14 (GSH)AI 4.87
(Hey) pmoleL™"; R IIVAERE A 20~140 pm 2,
7.4 BODIPY HRHIEMZERI WA FRAH

PREF P31 AL BALHI [F] P30 5E 241 [F](Eq. 21), i AN[E
25, P31 K586 9 BODIPY FfARFFLEMEZE,
J& D-m-A RIGEH, 2K 2,4- RSSEIREIEIE. AT
PEBESHL: A (P31)=2396, 564 nm, Ly (P31-DP)=
420 nm, Ao (P31-DP)=780 nm, l.,(P31)=570 nm,
Jem(P31-DP) = 480, 586 nm, @0, (P31-DP) = 116.45

GM, PR A 4.9 nmoleL ™', #lly% B A 90~ 220
[43]

o (20)

pm
7.5 FFIEMERIIFIRAE(2,4- ZFHERZIEF)

TRED P32 HISOGHI N I MEME2E, HAL LI A Ky HEHBEGGEE . Kb 5REAER) NG, 2,4-
P32 $ 2,4- THHBORAEE, ol TS 0 o T RO, TRHAEEIR A B ER, LR By AT R4 ICT-on,
PG LB T ERT B . PET-off B, 7906R SETOCH T ZE R, 9615, H/E T DSO R

Chin. J. Org. Chem. 2019, 39, 2467 ~2484 © 2019 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2477
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H(Eq. 22). BT S L (P32) =333 nm,
JavsT(P32-DP)=344, 402 nm, Ao "(P32-DP)=720 nm,
Jem(P32-DP)=425, 505 nm, @J,,,x(P32-DP)=72.19 GM,
KR 9.6 nmoleL ™", KR N 40~155 pm™.,

PET

S Ny

£ oo
(I
© neutral aqueous condition

thiophenols

O,N

P32
IcT
N
e ) @ (22)
e
HO P32-DP

7.6 FHABEMZRIEFRAF(ARBERETERET
%)

BER P3PS P3(p-2f FUBEE B RET) 45 MBI,
FEIRHLH AT E, %95 DSO JRFE(Eq. 23). BEffkthii,
P33 (WO HNER IR IR AR, LRI AR T
5, 5ZMEMNEE T LB FARRKE 2R R L,
B ICT-off &A=, M%<t [ it ) P AR PR L4
PREEIEAS, OISO [ P o A 2 T A PR A
[#£34: CON(CH3); £ii: CONH], H:Hik R A K E
SRARN, IO R R M (Aem =460 nm), {HIOEELER(D
=0.75)" 2415 Cys KNG, WIERIENEIRIED %,
AW R, HAE 7 LT EmE el b, %
S A vt N T, AR R T, TR - R
TR, REFBAKIER, KB AR (Aem=540 nm). 7]
TR BRI B, SRS L (P33)=
335 nm, Ay (P33-DP)=376 nm, A (P33)=740 nm,
Jex T(P33-DP)=750 nm, Aewm(P33)=460, Jm(P33-DP)=
540, 505 nm, @6, (P33)=27 GM, @d.(P33-DP)=82

J
KO
OxN‘ e —-

: H‘N{—/ ]\J (23)
| ICT-on

2478 http://sioc-journal.cn/
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GM, @(P33)=0.75, ®(P33-DP)=0.34, &R A 0.81
umoleL ™', AR E A 90~ 180 pm'*).
7.7 A(ZETHE)FZHMBEERZERWMA TR
FH

REF P34 ALIEHLH] A DSO (Eq. 24), HatBHA
RIE -4, E 5 )9 P34-DP, i
FIPERESEL A "(P34)=440 nm, A, " (P34-DP)=480
nm, Aen(P34-DP)=640 nm, KL A 21 nmoleL ™' #7),

>_O +f\NH2

Vs e
NC \_SH
CN P34
Co, o
AN W Ve S
NC
CN  p3s4.pP

V e
COOH | OH (24)

7.8 BEEEHEFITRBNETRAE

FT DSO JEFIRE P35 MR HINE S R E
HE (Eq. 25), H MBS da " (P35) =445 nm,
Jem(P35)=535 nm, L (P35)=850 nm, ¥ illFR 0.388

pmoleL ' 1481

O O
(@) | (0]
O)J\/
P35

o0 O

HS/_>7000H

B ———_

o)

COOH (25)
O NH
OH

P35-DP

79 FHEIRBICEFRAH

FF FRET JR R4 P36 (Eq. 26)116 T 9 64
NEFFEEER, FAES DML TRAR, 53R
1% [ SRT FRET 25FH, XOGF R GHIK H 460 nm %,
BT RSB KRR, MR E, XOET R E R T
17264 FRET ML &M 6T bR, 55K H
580 nm W Ot. HAMERE S 1w "(P36) = 330 nm,

Chin. J. Org. Chem. 2019, 39, 2467 ~2484
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Jabs (P36-DP) =410 nm, A.,(P36) =460 nm, l,(P36-
DP)=580 nm, Aoy (P36)=750 nm, @0,,(P36)=50 GM.
P36 XU SEIgnm B LB 1 38 % 36.6, REA T4
kR A R A,

750 nm

TP-FRET off o-n
‘ cl

750 nm

A\

oo

TP-FRET on

(26)

-~

S

o(\

\
5

ot

P36-DP

8 WMTF 'O, 4R%t

P37 FHZE G S AT IR R, 25T
e PR FEEEFESFHTFIRRKRIEE L, R&E
PET-on, KKK, HEMIKPLEEEE, BENHET=
HRETE R, TR ORI, LA 2% R A
T RRERIT S b, B PET-off, [ H3z1 5
J&(Eq. 27). U3J@T DSO JEE. A TIPERE SR A" =
370 nm, Aex T =820 nm, Aoy =536 nm, FIMIRE N 57~
156 um PO 2 AN TR I 2 A4 6 3h 1 2697 (PDT)
MR SR AU FUOHRER, X0, BA RN
e

\

Singlet oxygen
“ (27)
e

O@O

P37-DP

PET-on
uo-13d
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9 WTFHERIRS

[ (FA) AT 5| S 7™ B A AR AR 8 R GAT5  JihE £L
ZBICT. (R TR SV 5L 1 (LSD 1) i i
AL (SSAO) AL T, RN =4 FA. FA HIRH
R SE FA Whia, @& AR s A 3 S D
DNA ZZERM =B, FA KPHE SiEE. BER
i APRE A SUR AR A BRI R, B IR Sk ER
o B SR 2H 2 R IR R IR G FA, TG S o
PO BERERRAG IR &, IR 51K B-TEM R LT SR SR
. FTA IR B O 2 T I 2 E— D IR K, B3R
IWHThREFER ACIZ 5. GBI T4 T &84Tk
PR B R IFRHLRIFIBRAK FA 7KT- MBS 207 R R SR #R
#T V6 T8 FA 5K
9.1 ZEZEUENATRAAEETRERLTRAA

P38 A Gk IL ], 5 1 BV I AE (lysosomes),
EEEE BT SFHEEWANRCE. BT H1
RIEKRMEEA AL’ =370 nm, 1RHER A FRET ML,
BT PET o, & ERWIEHIARZI, KA
W5 6 5 9 M (hem="566 nm). 45 FA %5, P38
RPN T o7, OIS 28 Bk %6 41 H PET fu
WARKRN, REDZREAGCB KK (lem=505 nm). &
fIJE B JE DSO (Eq. 28). EMIHIMERESEL Aws " =370
nm, Ae =800 nm, Ae,(P38)=566 nm, A.,(P38-DC)=
505 nm, FIER A 1.50 pmolsL ™', #MVEE N 150

N
) N
P38-DN O P38-DC
http://sioc-journal.cn/ 2479
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9.2 F_EIWEREINSTFRIAR

FEDOG R LS — A AR J (IR HCHO), %[
5 HCHO i), M1t B ¥ PE(Electron-donating) 5%
W% HL M (Electron-Accepting) & A= Wi #%, 71 Bl 524k 3 [4]
F JE ke () 43t B 7 5 (Donor, D)EWL HL T3 (Acceptor, A)
T g H - B L R, R OIS S, XL
PR R JE [ e AR M 15 5 % HE (GRD-SO) (] 13).

_—

Mechanism of HCHO recognition by group reaction denaturation

B 13 SEPIR RS S A A
Figure 13 Group reaction denaturation-signal output method
(GRD-SO)

P39 RS kL, HI T e SLiE A, BT PET
VMO R, 25 FA MG, JFRAE (D)L
IR T i sp® JAEAR sp” Aeth), HIBREX
B, e SR T BT S R T ROREE TR, HEBLER
TRZE MW ORI b, PET 250, Koeie. e
1£1%JE T GRD-SO JR¥(Scheme 6). ‘EAIMITERE ST
Jabs Y =440 nm, Aen(P39-RP)=543 nm, ®(P39-RP)=
0.31, KMBRA 5.02 pmoleL ™" B2,

BEF P40 5354 P39 FEAAM [Fl(Scheme 6), PR
WORAARAARE, R LR A, EHATEE

) O

o ‘ _HCHO ‘
“NH, >

HN
P39 P39-RP
C3H7 C3H7
P41-RP

B 6 P39 fil P40 43 %5 HCHO [I1EH
Scheme 6 The reaction of P39 and P40 with HCHO, respec-
tively
P41 SFH 45500 T X, B R, &2
(1 HL T RERRIT 225 WOk |, PET Auvr, %t

2480 http://sioc-journal.cn/
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N[ D(P41)=0.469]; 4 4-F LI T (D)5 H S [ b
AR RS (A) S, PET WLRIAAELE, BRI R A2 ICT 2408,
9 GE[ D(P41-RP)=0.74]. $R4175)&F GRD-SO Ji
Bl (Eq. 29). EATHIERE S 5 24, "(P41) =448 nm,
Japs"(P41-RP) = 415 nm, /l.,(P41) = 550 nm,
Jem (P41-RP)=520 nm, AR 5.00 umoleL ™" B ]
TR FA 14

(29)

—_—
e PON
Z CHO

9.3 D-m-D #! Acedan Wt FriHl

P42 S 4-AREE T HRFEZE), RERE T
D-n-D RUHLF45H), — Ui R G TR, St AR
RED)GHETE, BT ICT MM, SRR FHEKEN
(438 nm); 45 R N, B R % A Dy HH I 2
(A), UL, 7% P42-RP J& T D-n-A BUH 7454, FFRk
HE-RLHLF RN, BOGTFIRISCG 58, 4572 ICT 208, [E]I
RGP LLFE(533 nm), TG RSB KA —FE, B
B EL B X0 5¢ e, T HEAT LRl o . AR AR IR E T
GRD-SO JEFI(Eq. 30). TAIKPERE S dus (P42)=
400 nm, A T (P42-RP)=405 nm, Jo " (P42)=760 nm,
Jem(P42) =438 nm, J,(P42-RP)=533 nm, ®(P42) =
0.92, @(P42-RP) =0.17, KR4 10.00 pmoleL ' 1,

CHO
oe -

OMe P42-RP

5T GRD-SO RIEHLHITRE P43 15 P42 LLAECE
L, EARF S, 5 HCHO [N RjZE3F b ) 7l it
PET BixUE BRI b, W R(Eq. 31). 4 P43 5
HCHO K JJE KA ICT 8, Kzt efmTEaEs
B A (P43-RP) =380 nm, Aoyt =780 nm, Aenm(P43-
RP)=526 nm, f&IFR 0.2 pmoleL ' P°.

10 FFRAEBRIRET

KAHER(HNO) N NO HJH IR U, T4
VI DI RERHEMT LAY R 8 P VR 2 TR AE 2 B4R A, O

Chin. J. Org. Chem. 2019, 39, 2467 ~2484
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= ICT-on
e CHO
NH HCHO /—\
- . @31)
I ~N
|
P43¥_/NO2
P43-RP

PET-on

TERZR T Z IO, N, HNO TEIG IR -4k AR
FERIBEIR 7, BAPURIER, fERIT 0 aEs. (R4
G2 FERE R A0 05 S5 5 A 4 T R 0 SR AT . BRI
LA U HNO A 750 B S 2 ) L
10.1 HEITEPRATFRAE

TREF P44 384 QGA-SO fEEHLHI, 5 HNO RILHT,
BT, N E AR 2R SR R 2K S (HNO R0 2
B iv%, P44 #E1L L P44-DP & H 5% % (Scheme 7).
P44-DP [FJTEEEBEL s " (P44-DP)=556 nm, Ao (P-
44)=800 nm, Aen(P44-DP)=638 nm, PJ,,.(P44-DP)=
90 GM, HilIFR A 65 nmoleL ™' P71,
10.2 MESEFEEIRNSFREE

AR QGA-SO &AL HI#RET P45 5 HNO/H,O
SR S A S - 2 B e B 5
P45 ALY S E A E ) P45-DP & H ¢ (Bq. 32).
P45-DP [IPERESH At (P45-DP)=354 nm, Ao (P-
45-DP) =860 nm, An(P45-DP)=512 nm, @0, (P45-
DP)=270 GM, KPR 59 umolsL ™" ¥, w] F-F-4m iy
HNO [ 573

1M1 WRFREEEIFE
KA IR (HCIO) A2 1 P A PP (ROS) K ik v ) —Ff

RCEAT, e A H P R T 40 1 A ) i e 48 W A
W E MR S BT A H). WEPE HCIO /295

JR AR I A A S R B A B TR R R ). SR, AR
[f) HCIO 42 S e UM 8 B i, 8 7 1E
HCIO 7KF- 55 A0 %0 B AR B FE AOA BLOR &R, Wi m &
YA b W A2 A 3 2 HCLO IR FE A As th, &
5 HCIO 7K P55 95 # A e 2 25 U AH 2 ) 32 2 ) A,
SEIB IS, ROGT R ICIREHE AL B s 76 40 i F1 304
FER ) 7 AR AL T — A 277, v HCIO 4E
YR A R R AR RSO T (5.
1.1 BERBIEFRKE

REF P46 J& T RA-SO f£BHLH], &4 HCIO 1] 3
BIZRAE, 5 HCIO Jx M f5 7800 2 it vi, P46 % 4k 1k
P46-DP & w6, IREFE A XNURSTHIE, Wik B Ig K
SREE L To15/los=241 (Eq. 33). EATRIMERESE La
(P46) =450 nm, A "(P46-DP)=580 nm, A, "(P46)=
800 nm, J,(P46)=495 nm|, 1.n(P46-DP)=618 nm1™”.
11.2  D-mr-D BUEMR A FRAH

K% P47 KA RA-SO f£&HLHI(Eq. 34), 5 HCIO
R LHT 5> & D-n-D LS5, B Wig 9 D-n-A 7Y
ik, HTTENAE- SR 45, REEKEEE K, H
ST 492 HE 42 562 nm, T RRRUR STIE, 5 R 5 06 B
KIBFELL Iseo/l49,=0.8~12.5, Al HEATELAI 204, B4
PERES L dem (P47)=492 nm|, Aem(P47-DP)=562 nm?,
Jex T(P47)=810 nm, Ae, "(P47-DP)=820 nm, @0.(P-
47)=25 GM, @, (P47-DP)=37 GM, FllfE A 89

nmole L' 69,

12 WAFEEMEFIRS

R AFAE T A R G RIS TR SRl (ROS) FE I 7L
Zh 40 0 14 B B S L ) RS A L B A
HI. BEPIE 70 )2 Al ROS By T- LRI, St

P44-DP

ER 7 P44 5 HNO FIfEH
Scheme 7 Reaction of P44 with HNO
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B P
Ph,P. FREToff
i ) g
HOOC
o o HNO/HZO
P45 ©:CONH2
o -0 O
: . u P, 0
/
N -S
o~ 11N
CF3
HO o] (32) ©
P45-DP 2hv FRET on
O
O A O HCIO
Se
o T
35
P46 (33)

o]
X =
(33)
oo N
P46-DP K
s
N o N. _CHO
) Helo m (34)
—_—
\N = \N =
| pa7 | p47-DP

éﬂiﬂafruéﬁ,/\ﬂlﬂ ROS I/KF. KEUEHER, AT HEmE
IRAT MRS AUBO 4l Bt 5 #0205 S, N T ik

— s O HEMMBEFT BRI LR, HRIIET
e TRET R AT BR B 40 f AN 4L 2 O S AR 24 L ).
12.1 Acedan M FRAFET AR RN FRAH

AT RA-SO FLIENLHI I ERET P48 & — 4 F sk
L1 5 05 (Eq. 35), 5 O3 [ JF = % FF A 15 2 it
7%, PA8 ALK P48-DP. REF BATNUR YU, WA STIE
B RBRE L Liso/lps = 0.15~6.72. "EATH 1 6t 3 3
JanT(P48-DP) = 511 nm, An(P48) = 425 nm|,
Jem(P48-DP)=550 nm?, #&IFR 83 nmolsL ™" [,
12.2 BODIPY H R HIEMZRI W F R K E

Py iR i #: ALl (Phenol conversion into quinone- sig-
nal output method, PCQ-SO)( 14): k¥ nldt—5
B O EAMONERE, %h%ﬁﬁ)ﬁﬂﬁﬁ]%ﬁi (175 R A AR,
FRAE 2 A AR O

Mechanism of O, recognition by phenol conversion into quinone

B 14 ML

Figure 14 Phenol conversion into quinone-signal output meth-
od (PCQ-SO)
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BT PCQ-SO HLHIEREN P49 F A5 25 K HFREmM:

1 BODIPY =ANGRI(Eq. 36), 7K HHEMEZEIR I XL
Tl I VR AR A B e B AR 36 (TBET) R 20K e e #e 4
BODIPY, BODIPY KAEREHEKIE, KiHwt;, it
WAk, BRI AR ORI, il TBET L%
i BE = AN R R T BODIPY, 1M I BODIPY 5 7KfiE
BAEFIMFH(C=C)E I KRR R, BT IL5ik R
K, el A HEREKPRE. BN

Jans T(P49) =390 nm, A (P49-RP) =576 nm, A (P-

49)=480 nm|, Aum(P49-DP)=596 nm?, A (P49)=780
nm, (pémaX(P49) =75 GM; ﬁi)ﬂ” BE?’\] 95.1 anl’Lil[éz].

13 WAFILEEHERIRE T

i S R 2 £ (ONOO ) A& 1 — 28 AL Z&L(NO) Al 4
B8 1 (O3 ) S A= e 1) e B 2 1) 9 1 SR (ROS) 2 —.
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BHAA R R EYE, PR TR A2 BRI HE I AR A A Ay
B, TR ONOO 20 40 i A=W K4y 13k ™ B 45
F, WIS AE . S . DNA FAEAR D7 R
REZE, i E AL T EORE . BEIRIA . B R ZRIREER
Wi~ SRR = EWUR A JOREME R . Bl it
IR T ONOO 2 540 s 54 S A M F T,
Uk, S 4 PR ik SR S R R 1 WS 51 T AT T2 %
7, DA B EL A ) A ER D R RN ER AL, MRt
A A PR AR AH S 2 .
13.1 4-(ZEIERE)ZXHMBERK BN FR
FH

T RA-SO FEEHLEIFIEREE P50 6 HTA
A-( B H 3 2R IR 5 2R AR 245 (CCPS), & oK
FEWEMEEL(2PP, WG KB, LI ICT 2501, PSO 4 &
Tt 5 ONOO (I EH AR IR BS T) R M. J5, 2PP
Fis, Wy¥rds b FH# % CCPS I, ICT fuiF, K
DIE(Eq. 37). EMIMERESEL dws (P50)=415~440
nm, Aus" (P50-AP)=570 nm, Aen(P50-AP)=690 nm, &
TR A 4.62 pmolsL ™" 631,

@37

13.2 ZEZELERREN A FRAEE

FT RA-SO L BHLHIFIEREE PS1 &4 25 0 W i
P, HAar AR HEARAEBIENPO), 5 ONOO x
RIT, ICT 2500, Jo9ét; &MJE, ICT avr, 5% R T
T ERIE R R OGR] E, K HROG(Eqg. 38). EATRIE
BEBH Jans T (P51)=375 nm, Aus " (P51-AP)=430 nm,
Jem(P51)=454 nm|, 1.(P51-AP)=560 nmt, i, =800
nm, @, (P51)=95 GM, @6, (P51-AP)=193 GM, i
JFR 25 nmoleL ™" 164,

14 ZHitE5RE

NG TFAERTRARYS . AR KR FIAE i 2
R B REERER, WYL AR R iR
PR 59883 D R m] AR T2 i ) BB, Dy Al
A ISR SR B, AN TAEAR A S R
PBE E 1, I R R & R SRR, SRR,
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ICT-off

0
(Vo p
Q N ONOO™
by 2
%0 OS5
P51 N

0,

ICT-on

?
o N (38)
S O
>LO (@)

P51-AP

HEfE LA B, S 7 gAY~ A I
BE AP TR S ha 24 B R F8 Tt s st H K, AT
TR T BRI AN 737 1758, TXOE T 26T
PARTE 548 L i 2 00 s T 9 A6 N A= /N 701 B 8
HXF R, i BT 00T 5O6 B AR, AT EASEIL E M
b fEEH AW /N 1 AT SN B2 = 4RI A 1.
ARSCERIR T 10 FF R R T EMIA N CO.
PECRIEBE . p-F-FLHEE ). SO, TifbAL. NO. i 4 (i)
WIREE L ROLFBEE/BR | 'O, HIEE . YURFR(HNO).
RATR(HCIO). AU B 7 A S M A IR AR 18 R AR )
BOCTHRICRET, S TS S TERE, JF R g4
LA T EATRL B, LR — N B 1
B, EATRIRUE TR BT AN =, — BT 100
GM, IX 2 S G I PR HETF 2 5 U PR BT B 5 X S 4R
BHEA DA RZAL, RIFPERAGK, HHEAHKT L
AR E 1 650~900 nm A AVNRIZEER, IX 2N 5]
SHAGRI D FER. BLhh, FEEEPREEAEAS I I X 7 BT i)
Wi A 24188, LA AIA AN BL L, RIS I A HE B
B, o T2 e T, B, PR R
FIXOET HOC IR ARAKESS I E . BTN 7T
TH7, BRI R LN 77 BRI XU T RO
HIEG, LIRS T il R T MR
YEfh A <E, HORAEHT IO T 2R E 0 TR IR T AR
BEAAKPRER, LW/ T BAHIROE T 9OERE 2Bk
Rtz FEDRE, Wb AETET. iy AR
ARSE BN (VN DAL
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