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A coumarin-based ratiometric fluorescent probe for detection of
hydrazinein environmental samplesand living cells

SHENG Xiao, SHEN Yalong, ZHANG Chen, ZHANG Yiwen, LIU Shuling, WANG Shouxin®
( School of Pharmaceutical Sciences, Jining Medical University, Rizhao 276826, Shandong, China )

Abstract: A ratiometric fluorescent probe 3-(4-chlorophenyl)-2-oxo0-2H-chromen-7-yl-4-bromobutanoate
(COCB) for hydrazine was designed and synthesized from coumarin and 4-bromobutyryl, and characterized
for structural analysis by 'HNMR, CNMR and HRMS. The selective deprotection of hydrazine for
4-bromobutyryl group in COCB led to the recovery of the intramolecular charge transfer (ICT) process.
Probe COCB exhibited an attenuation of blue emission at 420 nm and an enhancement of cyan emission at
480 nm, achieving ratiometric detection for hydrazine. Probe COCB showed high selectivity, high
sensitivity and strong anti-interference ability for hydrazine detection in a wide linear range (0~250
pmol/L) and pH range (6~11) with a detection limit as low as 0.15 pmol/L. Moreover, probe COCB, with
easy synthesis and low cytotoxicity, was successfully used for the detection of hydrazine in actual water
samples, soils and living cells.
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ARIFMEIR-7-F-4-I T FRAE (COCB) Ay HTER 5K
B 300 7-0E 5 AL F A2 R 4-GR IR T4 1A%
FARBNPENAIAR 3-(4-FRKE)-7-F8 3 -2 H-2R I Nk g -
2-ffil (CHCO), JE B AHERT fe LY 25 A 2l
SR TN RS (1CT ) 8B, 4-98 T REIL/E A
RN, — T, HAE MW I AR IR 4T
HUMEIERE 2 Ty ICT i+ 2, 7E#R%F COCB S5 i
SV I BB 25 4-TR T IE3E, IFREOH %
A CHCO, i ICT i KA, FREFE W2t
R R A, SIS R F A 5 —
Jo T, A-1R T I3 A B - Ak - T B S BIL
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I IRET YRR R VE . ASHIE ST A HE R IR BT R R Y
IR S R %) TR R ) A — R B A R HL S
B s

1 LIGEs

11 KFENE
24-"RFORHEE (1), 4-5R i (1), 4-
TRT WS 4-—H 2N BE( DMAP ), = Z#( EtN ),
ez RR (Cys). mEBEa R (Hey). 3-(4,5-—H
FEWEME-2-F8)-2 5- T R FRAL U (MTT ), AR, [
W42 e MR B B R A BR A R s AKEWE. SRR

(Ac,O). KM, JRE . Billk. B, £F4EL:,
AR, HEZyEAL2= KA RA A R RE R
(200~300 H ), & SBWFEATARAR; BB 4
(MC3T3-El1) , EZELEAIM 7T HEL =5, i
HoA 3R A A 4 R A A4l SR K3 Tk
FEIBAK, Hil,

Bruker Avance NEO 400 MHz #Z gL yR I,
T+ Bruker 23 Fl; Agilent 6540 Q-TOF I fiji{y, &
[ Agilent 23] ; PHSJ-4A B pH i1, I ERRAAY
PR AEBR/AT] ; Leica STELLARIS 5 OGIER £ R
T, M Leica AHl; F-4600 20606, H
7K Hitachi 23 7] ; UV-2450 2483661 . Prominence
LC-20A = RO AH (354, HﬁsmMMyxi
DNM-9602G RBippr /¥, dbat BB AR A FRA
1.2 1R%t COCB WA R

PREF COCB 57 tREA CHCO By & U in T

s
N Cl

/@[CHO+ /@ACOOH Ac,0, Et;N
HO OH Cl YRERER, PRER

CHCO
4@TM§
\
Et3N/DMAP CH,Cl, Br\/\)l\ O
COCB
PENAEAR CHCO BY& R K 2,4- —FR oK HI S

(0.50 g, 3.6 mmol ), 4-5H A& LR (0.93 g, 5.4 mmol )
LR =2 (1.10 g, 10.8 mmol ) & T 50 mL [RIJE5E
M, IABSERET (10 mL), 120 °Cyhism, Kk
N7 h g, A IR RN, BEE MK 20 mL, B A,
g . KV 60 CHAS T 6 ho KR EIAE T
50 mL BB, A 8 mL ¥ EEFRFI 4 mL N R ,
T 80 CihyHm#AdidE, 6 h JEfEIb N, REE
k. K¥E, 60 CHEZ T 6 h, HEAMM. &
RERCHE Al (RRIFFI N M(CTR CER) = V(A I
fik)=1: 2 MRS i H EEAR 0.60 g, ™% H 61%.
"HNMR (400 MHz, DMSO-dg), d: 10.65 (s, 1H), 8.19
(s, 1H), 7.73 (d, J =5.6 Hz, 2H), 7.68 (d, J = 5.7 Hz,
1H), 7.49 (d, J= 5.6 Hz, 2H), 6.83 (dd, J=5.6. 1.0 Hz,
1H), 6.76 (s, 1H); *CNMR (100 MHz, DMSO-dy), o:
161.45, 159.90, 154.99, 141.41, 133.91, 132.64, 130.11,
129.99, 128.16, 120.81, 113.48, 111.88, 101.73 .,

HRMS(ESI), C;sHyCINaO;, m/Z: [M+Na] it {4
295.0132; I {H 295.0137,

PE COCB WA M : ¥ CHCO (0.10 g,
0.37 mmol ), —ZM% (0.11 g, 1.10 mmol ), DMAP
(4.5 mg, 0.037 mmol) & T 50 mL Bk,
A 20 mL Z5H BE, = TFHdE. K 4-5 TR
(0.10 g, 0.56 mmol ) ¥ T 5 mL ML, 218
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RN Bl TR 7h, BREER, o
RERCHE4ifb (RIFHI A W(CTR CHR) = V(A
fif)=1:3 MIRAW ) 57 013 g, "% 83%.

'"HNMR (400 MHz, DMSO-d;), J: 8.31 (s, 1H), 7.82
(d, J=5.6 Hz, 1H), 7.76 (d, J = 5.5 Hz, 2H), 7.54 (d, J
=5.5 Hz, 2H), 7.36 (s, 1H), 7.22 (d, J =5.6 Hz, 1H),
3.65 (t, J = 4.3 Hz, 2H), 2.79 (t, J = 4.8 Hz, 2H),
2.18~2.22 (m, 2H); *CNMR (100 MHz, DMSO-dj), 6:
170.61, 159.35, 153.48, 152.73, 140.42, 133.40, 133.31,
130.27, 129.58, 128.27, 124.96, 118.85, 117.32, 109.74,

33.86, 32.15, 27.43; HRMS(ESI), C19H;sBrC10,, m/Z:
[M+H] FHiS{E 420.9837; llE {4 420.9838,
1.3 RAEFMERENK
1.3.1 %k RiEn X

DL H R ( DMSO )y i 5] e i e B N
5 mmol/L ¥4t COCB W& ; k. FHE .
BT WL 5 S B Y R R AR K
10 mmol/L A A8 VR o T2 IR R < 8% 3 uL #%1F COCB
P4 £ VA5 T 24 W R D 0 O 1 i A RO, P
FREL S M (PBS ¥, pH=7.4) /DMSO ({&F1
M1 1) IRAWERZE 3mL, BT H@MLF, I
R T IAT, BB A 70 min, 0k
K 350 nm, 3% FR S AR AE S BE 40 R 2.5 R 2.5
nm, HLEH 700 V.
1.3.2 HPLC X

k&% COCB Hl CHCO Hy iz He BE 34 Ky
5 umol/L, #EFEE N 10 uL. #3HHH A CH;0H/H,0
RAEW (KRR 85 :15) , WA 1 mL/min, #
WP 350 nm. @35+ K Diamonsil C18(2)4E
(150 mmx4.6 mmx5 ym ) .
1.4 SEBRZKHE B RO

Fie HESCHR [ 341K AR M50 5 52 B K B op
R i FOROKEC A S, K 5 T R
B RS DX i), 003 iy 5 P L 0 e 8 /K R o
FZR T, LASIPRKREAC RS PBS VW4T 26 063
FE, DER R TP E B R EE 43 5. 10 fin 25
umol/L, HAFN_E 3R 5T & Ty AH ] .
1.5 4mpaE i

¥ MC3T3-E1 4liffd A 2 96 LAk , FIARFB 4k
10% () Jif 2F 1 3 A9 A1 JR DURE Bl 5P A% R 8% 3% 3
(DMEM ) T 37 °C, RFU3%L 5% CO, 5514 1%
7% 24 h ZAAMIGEE . SRS 2 BIMAKRIREE (10,
20. 30. 40, 50 umol/L ) #R%t COCB 35573 WL,
JFAE 37 °C. KRR 5% CO, RIS T 4k 8l %
24 h, WAL, BALIMA 20 uL MTT %K
(RN 5 /L) ARG R, FEAHRI AT
3R 4 h 5, WEALThHEK, JEmA DMSO
(150 uL/AL ), #&3% 10 min, SRJ5 FHEEEBR 2B 4G
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HIRWAE 490 nm B L (OD), ARIE (1)
A AN A1 R
CV/% = MXIOO (1)
OD, -OD,

Krp: CV MYIMIAATE R, %; OD, ARt
JE; OD, NAIIAE T BRI RE ; ODy S AN
FE b AN A0 B 25 P2 A RO B
1.6 ZHAEmR &I

F¥45%F COCB (10 pmol/L ) 1 MC3T3-E1 4 fifl
7E 37 °CHREFE 30 min, FH PBS W RIHUE 3 R4
By s — 0 SO R AL W AR R
— AN A BE R 500 pumol/L A, G
60 min J5 H PBS W IEUE 3 K, ZERDGILRE B
BN BUZ . AN BRI COCB FMIPFR) MC3T3-El
UMM T AN, VE M2 FIA IR OB LR i
KWAEA 405 nm, EFHEKE . #EEEIE 420~
460 nm; ZE{AiEIH 480~520 nm,

2 HRSIE

21 REREERDW

5, 1 PBS ¥W/DMSO (AN 1:1)

R & Pk 7% 4 COCB (5 umol/L ) X Jiff
(500 pmol/L, ZIGTERR AW IE, TIH) 1Y
JGiEm N, AR 1 R,

M & 1a A1, %4 COCB 7E 330 nm &b i
S 5 4 i A BEIS , 7E 402 nm &b H B —~ T 1)
WSO | R (R BRI (8 AR ik gk, (B La 4 1R ),
59¢6RHA CHCO (5 pmol/L ) H 48 &h- AT LI i
Kl —3. TEORMHEES (& 1b), #%+#F 350 nm
VENIOR PR, ¥REF COCB Y K786 Kk Sk A
420 nm, fITABE , Hi KPOE R HIELIFL % 480 nm,
OB AN A (B 1b iEED), HEImPE
e & HHETE 59 RHA CHCO AW A . DL 4%
FW, % COCB nl H T WY 2t th A

0.3

a — COoCB
—— CHCO :
—— COCB+NH, ‘
|
5 02T :
&
_—
g COCB COCB
2 N,
0.1F
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3000 T ""¢cocB PN FHEEER 480 A1 420 nm Ab%E G FE AR ( Tigo/Lazo )
1000 — COCBANH, A —SE W . AIBERE, K5 COCB 9 Liso/Lino
5 B 1] () 3G I A ORFEARAS , LR COCB 7EH
00T M*#%h oéMA%E,ﬁﬁcmB%aw@o
o COCB COCB e Ve L \ .
® ﬁé?%ﬁi T LA S5 B v HJJU”HTIEH ﬁ—fj?
1000 70 min,
0 : : . 7E PBS ¥ /DMSO (AABULy 12 1) fhFRH,
360 e 600 52 TR pH WHREE COCB RSIBHIOSEM, 255

1 COCB 5Mk M) LA & CHCO i) UV-Vis IO
B (a) MPOCEHIEE (b) , AWK (le) N
350 nm [ @i [&12h COCB 5 Bk N AT )5 R WOt (a)
F1365 nm %2486 (b) FMEA )

UV-Vis absorption (a) and fluorescence emission (b)
spectra of COCB before and after reacting with
hydrazine, and CHCO, excitation wavelength (Aey)
350 nm [Inset photographs are COCB with or without
hydrazine in visible light (a) and 365 nm UV light (b)]

2.2 KMAHEIF pH BRI

TE PBS iAW/DMSO (MAFIE N 10 1) RFR
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oo A B g e ] R AR AR R b AR e P, S5 R L
& 2a,

Fig. 1
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pH
K2 1A, TCMHEAERS, SO TE (a) F1 pH (b) Xf
REF COCB HG 5 B HUAE ¥ 5% 1)
Fig. 2 Effect of time (a) and pH (b) on fluorescence
intensity ratio of probe COCB in the absence and
presence of hydrazine

Hi1& 2a WIT, BRI £E COCB 50tk

il 26 B . B K 2b ATED, NI, #8%F COCB
15 pH 3~11 JE RN B Ligo/Lino ZZAAR/IN, BEWIHRER A
BERRMAME F BN R E . MIMAWHS, 7€ pH
3~11 YU FE N Y Liso/Lao BEF pH Ry R, HAE
pH 6~11 JEFEINIEKIC N 3, ERUHRE COCB W
A e M S T AR, B pH=7.4
FE NI 251
2.3 IR%t COCB #& H RN E
1£ PBS i#FW/DMSO (&R 10 1) K&,
i R Y Ot o S I I 2 T R EF COCB
(5 umol/L ) FHZEMEIE FIFAS B, 255 anlE 3 Fis.
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a 0 umol/L
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PEERE /a..

1000

0 =
3 480 540 600
P /nm
6
b
5 -
4 $=0.01498x-+0.5223
4 R=0.9942
g S 3
~ 2
2
1
1 00 50 100 150 200 250 300
0 1 1 1 WJE((MOVL) 1
0 200 400 600 800 1000 1200
¥R BE/(umol/L)

B3 AS[EAE 0 BEXTHR ST COCB %GR BE A2 (a )
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Fig. 3 Effect of various concentrations of hydrazine on
fluorescence intensity of probe COCB (a);
Relationship between Iy30/l40 and hydrazine
concentration [The inset shows the correlation
curve between Iyg0/1450 and hydrazine concentration
(0~250 pmol/L)] (b)
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kA BEAE 0~1000 pmol/L YL N, BEZE Mk iZE, K HELRR) THRARH, 45555 0.15 pmol/L,
BBE I, BREFDEIE L STIEM 420 nm FHZL 5 KT EPA BRE B BI{H 0.31 pmol/L, LA R 25 R £,
480 nm ( [ 3a); [FIAT Ligo/lano AWIHE K, FFAEEE %4 COCB EABEMWRARHE, WHTFHWEE
& 500 pmol/L A 35 i K AA (& 3b). &l 3b #il&] iRl
I, PRET COCB 1 Lugo/Liao 5 WHA FEAE 0~250 pmol/L FHRER COCB 5 SCHRRGE iy H A BF R £ 1
RN EARGMEHE LR, BIBEFEN y = 7TTHE, 8580% 1, h& 1], #%E COCB 1F
0.01498x+0.5223 ( R>=0.9942 ), HA& B (LOD) 6 DU T LA B SE A PRV L L AR A DU B ) B %
/A3t LOD=30/K ( HHfr, o N2 R EAEMFRE Y8R9 pH & FHIER S

1 R4 COCB 5 H AP IR 1Y LA
Table 1 Comparison of the probe COCB with other fluorescent probes for hydrazine

PREF 0 ESIi| #6: 4 BR/(umol/L) 2 FRl/(umol/L) pH 3 TG ES 3TN
o) o
0 MENN\) Off-On 3.93 20~70 5.5~10.5 [19]
)j\o 00
0

O (o)
Off-O 0.75 10~100 6~9 20
O/U\/\,Br " [20]

§N % 0.17 1.0~5.5 - [21]
(6]
OHC O O CHO
CHO On-Off 1.26 5~100 4~10 [22]

OH
o HO
W o~
N b 0.23 0~80 6-9 [23]
o]
HO X N
o Off-On 0.31 20~50 3-8 [24]
HO
0,
OH
Q 7 ° R 0.036 0~50 8~10 [25]
~o~—N
ol
O
3¢ $-d ° R 0.20 60~160 6-9 [26]

S ~CN
C[Nm Off-On 2.60 0~5 6~10 [27]
O

Off-On 6.16 15~35 5~8 [28]

Cl
o O N O Bz 0.15 0~250 6~11 AL
B"\/\)I\O o0
W =" SRR .
24 EEHEMBTMHELE W/DMSO (RFI R 10 1) HE R, WHLT AP,

h T HEHER COCB XU R, 7 PBS ¥ Ca™. Fe*'. K'\ Fe'', Mg®". Na', Zn*", Cu*". Br .
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I, HSO3. CH3;COO™, N3, H,PO;, F, CI', NOs,
SO; . JRZE . Billk. /K. Cys. Hey. HMHZENE
SRR SNy, 25 LA 4,
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a COCB+HASMr
4000 COCB+N,H,
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6F E COCB+HAh A +N,H,
5 L
§4f
3
33t
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SYTH
1—23 15 2—Al; 3—Ca®'; 4—Fe™; 5—K*; 6—Fe*'; 7—Mg™';
8—Na'; 9—Zn*'; 10—Cu®*; 11—Br; 12—I; 13—HSO3; 14—
CH;COO ; 15—Nj3; 16—H,P0;; 17—F; 18—CIl; 19—NOs;
20—S05; 21—R%E; 22—Hilk; 23— K; 24—Cys; 25—Hcey;
260—FRME s 27— Rk
Bl 4 AEHASHT AR T 5% COCB 5 M hr J5 14 &
B EERE (a) 5 #REF COCB 5 H A /A ¥ I i
JE AR Ligo/Line (b)

Fluorescence spectra of the systems after reaction
of probe COCB with hydrazine in the presence of
other analytes (a); Igo/lsp0 of the systems after
reaction of probe COCB with other analytes and
then addition of hydrazine (b)
&l 4a AT %0, 765 pmol/L AY¥R4T COCB IF K
o BT A BE (500 wmol/L ) A1 H: Al 45 Fh 43 #r 4y
(500 pmol/L ) J&, HAT I 23 4R B Y fie K58
& FHigE N 420 nm ZLZTFL 2 480 nm b, AT
Yt ARGIRRE COCB 6tk kA B 281k . H
AT, #REF COCB X AR GF k£, WA
BB RIRASHIEST a1l

Fig. 4

‘C'Y %

Br £

Cl
Cl
NH,NH, Q
TS B se et
H,NHN
U : 00
N
¢

Sk — IR E COCB 7EA Hifth T3 W 17
TEBHAG I B BE F1, 7E PBS ¥ W/DMSO (AFH I
Jpo1 1) RET, XWHEHGE T T TSR,
5 umol/L %%t COCB &, Se4r A A At 534t
¥ (500 pmol/L ), FfifSHHIMAME (500 pmol/L ), AN [A]
PR ZR ) Ligo/Lano LN 4b fT7n . A1 4b AT, TEJEF
TIDFERAFAER AT, #REF COCB 1 Ligo/Iio
5PN K, DL g REW, HE
COCB HA®BmMPT TR T, WA FELZHE T+
JHE A Az 0
2.5 #R%t COCB Xt B aYiR 3 #1 %!

ZWESCHR[32], HEMHEN COCB 5 kR R AL
WK 5 Fim. BT 4-1RT B0 B FE T,
COCB ™t ICT k2 4 41 of oy fff H: 1y B 22 B .56
s MMAME, BER R —A N IR FEES 48T
i 35 v VR R A SRR IR RN, B S 5 — A N R
TR B L K A AT BRI R, B 2 G R
CHCO, fifi ICT fWKE, AHEMEEAI L, It
B C A5 2] UV-Vis BRI T & S as RO E 1)
BRI RS . Ak — IR L EALH], R e 5
J N B WA T T HPLC Ml /3 B oo b, 45
RULE 6. 7, K 6 FTHI, #E COCB TEIR /i B[]
K 4.17 min BFH B — > F g, M HEEH COCB

(5 pmol/L ) SARMKELME (50 pmol/L) KN, 7
PR A A 2.79 min 40 HBL—ANBiE, 5906 RHA
CHCO Xf)if, £ COCB (5 umol/L ) 5 ¥ & il
(500 pmol/L) i )5, 4|5 CHCO MF RIS,
FKU AT COCB e &bl CHCO. 7 =43 FE itk
K, COCB 5B &MRNGH m/Z = 271.0167 i}
B—aFEFIE(E 7), X5 CHCO £FF1LiE
[C1sHoO,—H] M AHXS 73 F i ft 271.0167 W& . LA L
ESRER, 4 COCB i i3 5 Wk B4k b5 et
{& CHCO,

2.6 #REt COCB EMREHFMPAEA

e, B 5T R4 COCB TESZBRKFE R I .
BUH KK (pH=7.8) Bk (pH=8.1 ) {tE PBS ¥,
oA —E S F, BOA 5. 10 F1 25 pmol/L %
W, 5 pmol/L 84t COCB K il JifF i i 8, 4% 5 4
22 FimR,

%_\A
» Cl
(o

H
) CHCO
H

K5 COCB WAl RERIHIL
Fig. 5 Proposed sensing mechanism of probe COCB for hydrazine
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CHCO /\

COCB+500 pmol/L N,H, K
COCB+50 umol/L N,
oL N A
COCB A/L
0 1 2 3 4 5 6
{7 B8 B ] /min

Kl 6 CHCO.#4l COCB L%l COCB 5 AR & it I
IO J&5 L9 HPLC 1% [
Fig. 6 HPLC spectra of CHCO, probe COCB and solutions

of probe COCB reacting with hydrazine of different
concentrations

100
90 |
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Fig. 7 High resolution mass spectrum of solution of probe

COCB reacting with hydrazine
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Table 2  Determination of hydrazine in actual water
samples
\ JnbRE/ SR/ % RSD/%
A (umol/L) (umol/L) I % (n=3)
[k 5.00 5.24 104.8 1.4
10.00 10.70 107.0 1.1
25.00 24.04 96.2 0.7
Wik 5.00 5.21 104.2 0.8
10.00 10.17 101.7 1.6
25.00 26.24 105.0 1.8
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Fig. 8 Photographs of the samples under UV light at 365
nm after interaction of probe COCB with hydrazine
pretreated and unpretreated soil solutions (a) and
their corresponding I450/1420 (b)
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