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A Fluorescent Probe for Hydrazine Based on Synergistic Effect and
Its Utilization in Cell Imaging

Xu, Wenzhi* Li, Xue Han, Mengnan Zhou, Tingting Yang, Yutao Li, Wei*
(Key Laboratory of Medicinal Chemistry and Molecular Diagnosis of the Ministry of Education, Key Laboratory of Chemical
Biology of Hebei Province, College of Chemistry & Environmental Science, Hebei University, Baoding, Hebei 071002)

Abstract Hydrazine is an important raw material and catalyst in chemical industry. However, hydrazine is very harmful to
human organs. A new type of probe was developed based on the synergistic effect. Two recognition sites were introduced into
the probe to improve performance to hydrazine, which has good specificity to hydrazine. The limit of detection (LOD) for
N,H, was 0.05~10.0 pmolsL ™", Moreover, the probe could detect N,H, in BT-474 cells.

Keywords hydrazine; synergistic effect; cell imaging; fluorescent probe
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FEHEFI. ORI, T A A A AR AR L A
PRINZ RGP ARG, B S BAE R, RIS AT 8L
k. S5 E B R B (EPA)IL T TF 7K I 25 8
6T 0.312 pmoleL "ML [RIt, FF & —Fha 20T 2 p K
IR oy b B

VF2 L M7 SR T AR, UM i
AL DT IR AN RS, SR, IX LT VE A AR R A
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PSRt -SRI 2 SE NI (B (S SN
IR U, 4R T IRER R 2R RS
%[ZZNZS]‘ ﬁ-:gﬁ%[%zﬂx a,ﬂ—m@@*ﬂ;ﬁﬁ% J-L%[26~28]%[29N32].

SE SR BR A%, e £ 72 L 2 JE R A& W 45 2 R JE
ar 0 7 AP0 AT Bk PR R AR A FRATT 2 Hh K XU
RO RSO SN BIPHRE R b, BRG] ERIAH
PSR IR AL f. A PRI R A7 02 S5 4R B SR,
A BTN AR AH P )96, B EARE W Rk B . 5
A, T P AN [ FR o SEATL AR, AT DA AR A 25 g
[, AT 4R B ERET o I R . Jr sk, FRATP 99
8T PR T B R RS OGRS, ZAREE X IS R
A W B AR AR IR — SRR [ — Dt
F, IATLL 1,8-ZEME NG Jy w68, weit& i 7 —Ff
IR EL (Scheme 1), ZIREF T ARLE T, ARG R
F RGN Q828 — WL i A iR AL i, IRl R
BUSIEE” AT DUBR SARED X R B R, MRS R

* Corresponding authors. E-mail: wzxu2008@sinano.ac.cn; liweihebeilab@163.com
Received July 26, 2019; revised August 28, 2019; published online September 25, 2019.
Project supported by the National Natural Science Foundation of China (Nos. 21702043, 21807021).

[ K [ SRR 23 4 (Nos. 21702043, 21807021) % BhIi H .

Chin. J. Org. Chem. 2020, 40, 181~185 |

- ;< © 2020 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 181



BIKE

7] 735 PN LA B A (ICT) i RE AT 1A%, PR AN ) 8
IR AFERET XS R R BB A5 3 T 3 e

AR

0 _N._0O
HMTA (CHsCOR0
O O
CHO
B
HONPT HO-NPT-CHO 0
AcO-NPT-CHO

B 1 RE A s 2
Scheme 1 Synthetic procedure of the probe

1 &R511R

1.1 SEINNIERRANIEN R

T T LE A AE T SR B TR IS 1% A R 5 ke it AR
b, SRueeE REIR, WEREE 310 nm AbAT B RIRIR.
BEE WG, 310 nm Ak IR IIEZ ST ES. RN, 78
454 nm A HBUH ORI, FEAE 360 nm Ab H AR K
RO B EOR AR R, BRIz RS T
T A B CeAG .

T 5 e SE IR PRAT S A EAE R AT T
7. Wk 1 FR, 1F 365 nm AWK R, REHE 398
nm Kb EIRER GG, BEE BRI, $REFE 398 nm
AL B0 LB BTN, T 510 nm Abf 5% 658 B R
B YRR B IS BERERIY 150 555, 510 nm AR5
JCHEFE IR BT, BEE RN, BREHATR 2O E
B W (AT G, 7R 510 nm AMIREFI PO IRE S
NoH, K (0.05~10.0 pmoleL ™ ") R £k 11 % & (R*=0.997).
R4 LOD=30/k, tF5H HAREXHHFHANIR A 0.014
umolsL ™', T E A BL R4 E M E ) 0.312 pmol L.
1.2 TEEMAFR pH ik

N T ARG ARSI SR BURE, 3 TR Y P T el
A S TR AT 7 A4k, 9T 7 ANE pH fE(3.0~12.0)
TSR IRET W IF 2 e B, S8 2 SR RoR, 1B
LT, 78 pH 3.0~7.0 [T B A 3RET A B 51 ¢
HA Ak, XULAIRET A BIE 3.0~7.0 JEE N ERER.
e SHMEN S, 1F pH 4.0~7.0 2852038 A i
K, I HAE pHAE N 6 I 9658 AL oK.

1.3 EEMIRAHR

SEEBRAYE i 1) 5T 20 PR L SRAZ R X JE 14D 32 3 P 0 20
mTHE Ty, FIERET 2R sem iy, A
FRIPHE P (Mg*, Hg*', Ca®", K", Na", NH/). [HE T
(F, Br, NO;, OAc). XM (GSH, Pro, Hey) &2k
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Figure 1 Fluorescence titration curve of the probe

[semicarbazide hydrochloride (SEM), urea, isoniazid
(Inh)]. Wil 2 BoR, BRBFCAAL, BTl X SeT4uami ke
AT E PN, B S, R ZRER S SE PR KR (H
KA P EEEAT T ARSI 4 BIAE B SR KR 28 18K H o
AN—Z &R, T pH £ 6.0, MIXHOLARL. L26E
B, fE—EWREETE(2.5~7.5 pmoleL ™), PRI FIA
RO FEAR—FL. 7E H RACFIZE K A i [
KRN 97.20%~99.60%F1 99.20%~102.60%. 4R

1510 nm/1398 nm
w

0
12345678 91011121314151617

B2 JHER & TP BRE 2 6 B (1 52 1
Figure 2 Fluorescence response of hydrazine and various inter-
fering substances to the probe
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fE, HSEWREFHIE BT T X, SHREN SRR
HHAT LR B, RETAE 6 2.53 L5 TG 2%, W2
B3t kA2 T M. SRR, RPN EEH O
8.62 M=t & 6 8.26, RIMMILILN N sty xI
EEIREE S5 = M A0 R I, HREHE 1767
1704 cm ' AL AN, ) VS T i A 3
BEE M, 1767 A1 1704 cm™' AbFRIZT AR 2k,
T AE 3400 F1 1694 cm ™' Ak HY BT AN, 3 AN IR A e
FJE TR, SEIREs IR, Bel R A A, RS
FF S S A= i (Scheme 1), 1) FH w20 52 1 Sk 5310 7= 47
HEAT 7 #iik (caled for Cj;HgN;O3 [M+H]" 312.1348,
found 312.1341). - H 435 TR A= L 4G
AT, I ERE 1R A1 2 AN 5 6 i E A B
®, R HREARYE.
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Scheme 2 Proposed mechanisms for the detection of N,H,
1.5 EigIHE
N T B AR I 5 A AR A 5 O A LA DX,
M w4 (Gaussian 09 program), i % & bRy #3H
W (hf/3-21g method)#E4T T 1H5. 25 KRB, fERE+
ST = FEPMAELENI Y, MBERSHE T
e BRIy, IXRWIEZEIN SR AEAEE 7 TN
AT E R (ICT). 5 RNE, FES T EE M EZE R
oy, AR FRTREBEENE Y, WhRES
ZINE FEIFEAEAERE ICT. Ak, SREFA M) i AR HiE
Hmo HPIEZ MR RZES RN 9.73 F1 9.48 eV,
ZIHRE R G RIOCE R LR — 3
1.6 HFEAIEFR
BT IZRE A RAF AT IERE, Kzam et i
T2 b A . 5 e, FHMERMEEE(MTT) %I E 1
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BARKI AN EEE. b5, 1 H BT-474 400k 0t 4R EHE
Y RS PSRRI . 24 BT-474 41 54415 pmole
L HILHEE 24 h A, iR G5 SHEmIE N R I
PGB 3). M BT-474 4 SHREH(S pmol-L ™ H)ILF & 24
h 5, T 5AFEWRE K NoH, (15, 30 145 pmolsL ™ )iE &
1 h, ZREETE 760 RWE5E, E EIRIE R
FEIZMBIRIS I 5. a0 SR S IR UE B, iR W] DLA
T P PRSI B AR AN A 4 M R A T, (H
2 N IR S 25 S IS, 22 7E 20 g R AR i
T OB TICHH R, 3K 2 S 0 e 7 A i A P SR A
T I AR A R ARSI, AT DA A b PR S R 2
A, Biib2shdBmRAE, R ZREIEH v REEN
S MR AR FE R A 7).

2 g

BT UL A RIS, BATE A B —Ff 7 AL
PECREr. ZIREC N R R AP B, SR AT AR
FHRPUIPHES 7 BT RIERR AL AR R
P A2, AR ARET A I PR 9 0.05~10.0 pwmole
L™, 1T EPA FLAEM 0.312 umoleL™". 4Hf k{5 5256 %
BH, 2RI T 40 e RS U

3 ZWERSY
3.1 R 5EH

Bruker A% fli 2£ 471X (400 MHz); Apex Ultra 7.0T
Bruker J5i #£1%; Agilent G9800A 7%t itk Ay (2 [
Agilent A #]); UV-3600 B3GR TH(EEE Agilent 24
F]); Thermo Nicolet iS10 ZLAMEHEAY (35 E Thermo 2 7));
ZEISS LSM 880 Mttt BB ({8 E ZEISS A ).
FEZEAT AR (200~300 H), S5 p GRS e i &
P iEa il
32 ZWHE
3.2.1 444 HO-NPT-CHO #9 4%,

B A HO-NPT (1.000 g, 3.71 mmol)iFf#T 5 mL
RO, ISP %(1.041 g, 7.42 mmol),
IIFAE 80 CRIRMN 12 h. AEERIE, ¥R NYE
ANVKAKH, HRE B GE AN . s, IR MR
W, TH. HEMEEEN 2 E[V(DCM) !
V(MeOH)=100 : 1], 5750 mg % ta[#E {A HO-NPT-CHO,
A 60%. m.p. 203.5~204.5 ‘C; '"H NMR (CDCls, 400
MHz) §: 13.21 (s, 1H), 10.16 (s, 1H), 8.75 (dd, J=8.0, 4.0
Hz, 3H), 7.84 (t, J=8.0 Hz, 1H), 4.21 (t, J=8.0 Hz, 2H),
1.80~1.72 (m, 2H), 1.55~1.45 (m, 2H), 1.02 (t, J=8.0
Hz, 3H); *C NMR (CDCl;, 400 MHz) §: 196.42, 165.65,
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Figure 3 Confocal images of BT-474 cells incubated with the probe and further incubated with hydrazine

163.64, 162.98, 134.84, 134.07, 131.74, 130.29, 127.01,
122.84, 122.81, 115.14, 114.87, 40.29, 30.18, 20.35, 13.83;
HRMS (ESI) cald for C;;H;sNO, [M—H]~ 296.0928,
found 296.0933.

3.2.2 4t AcO-NPT-CHO #J 4 5&

B4 &4 HO-NPT-CHO (500 mg, 1.68 mmol)¥fi#
T2 mL ZREFF, INFAE 140 CRIFSMN 12 h. A4
BER, BRI EOKS, &R AL
I TE KGR BR BN T8, L8, ZRBREF, HENT 5
[(DCM) : ¥(MeOH)=100 : 1], 3 400 mg [ & {3
445 AcO-NPT-CHO, 7=% 70%. m.p. 193.8~
194.8 ‘C; '"H NMR (CDCls, 400 MHz) o: 8.62 (s, 1H),
8.55 (d, J=8.0 Hz, 1H), 8.40 (d, J=8.0 Hz, 1H), 8.01 (s,
1H), 7.94 (t, J=8.0 Hz, 1H), 4.04 (t, J=8.0 Hz, 2H), 2.57
(s, 3H), 1.59~1.67 (m, 2H), 1.34~1.40 (m, 2H), 0.94 (t,
J=8.0 Hz, 3H); *C NMR (CDCl;, 400 MHz) J: 168.91,
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168.45, 163.70, 163.15, 149.34, 132.30, 130.04, 129.46,
128.37, 127.91, 126.59, 125.66, 123.06, 121.50, 84.24,
40.35, 30.17, 20.72, 13.83; HRMS (ESI) calcd for CoHs-
NOs [M+H]" 340.1179, found 340.1176.
323 RaEmiX

B4 AcO-NPT-CHO ] N,N-— F 3 HI it i (DMF) i
AW, MARIKR FE N 10 pmoleL ™. IR i W 4 AN
DMEF-PBS i&W(V : V=1 : 1, 10 mmolsL™' PBS 2,
pH 8.0), J&FEMEI G H & M4 5 7 25 B £ Bl A
£, IR EE I8 15.0 mmoleL ™', EEAMG I ASE i
WESE TR, B8 1 cmX1 ecmX4 cm A9t
L, BORBAKA 365 nm, R FIR BT BR4E 58 FE YN 5
nm.
324 mRER

Bt-474 UMD T A% & 4 MG 7R 0L, 25 B2 A
2X10° AN/4L. BE A A K £ AcO-NPT-CHO (5
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pmolsL ¥ H 24 h. HMEFNH) BB BN 15,

30, 45 pmoleL ' 4K4LHFE 1 h.

£ 0 365 nm, WEETERH] 450~500 nm.

%4 Bh # £l (Supporting Information)

it & Ak & 4

HO-NPT-CHO, AcO-NPT-CHO M iRFIF=¥IniA%is. i

W ZLANE L X e AT DA A B AT R 35 (http://
sioc-journal.cn/) | N #%.
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