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Abstract: Based on the Gabriel reaction, two fluorescent probes, NMA and NMB, were synthe-

sized for hydrazine detection. The probes were constructed with naphthalimide as the fluorophore, a

phthalimide at the 4-position selected as the receptor and a morpholine at imide site as a lysosome-

targeted group. Experimental results demonstrated that both probes exhibited evidently spectral re-

sponses to hydrazine. Compared to NMB, NMA displayed better performance such as higher sensi-

tivity and faster response. The addition of hydrazine resulted in ~100 nm red shift in the absorption of

NMA, companied with 500-fold fluorescence enhancement. The fluorescence intensity of NMA

showed a good linear relationship with hydrazine concentration in the range of 5. 0-70 pmol/L, with

a detection limit(30/k) of 1. 83 pwmol/L. The response mechanism of NMA to hydrazine was validat-

ed by HPLC and theoretical calculations. Confocal imaging experiments demonstrated that NMA

could realize imaging lysosomal hydrazine.
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Fig. 1 Synthesis procedure of probes NMA and NMB
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1 XWEs
1.1 s 5iKF

Lumina 2% Y6 Y65 . Evolution 220 %8 #bh—0] W %53 Y6 X B i (3E [E] Thermo Fisher Scientific) , Xevo
G2 TOF MS & 43 HEF A (S [E] Waters) ,  AV-400 4% % e 4RI% 354 (At 1 Bruker) o P R i a0 (5 FH i
PR, 4-1R-1, 8-ZE_HREF . HUREA . ZHEWI ., 4-(2-ZFEEmk) . S5k, Bk sy (s
PTIRR AR AR), 2-ZHEM, CRERHE, W, A, HEE. 2. R H
TRRF . SAbEr . Sfban. Sbes . SbsE. SUbER. THiMREn . AR . IREREW . SilRey. BEmR
Y. GHIREN . GRACERIREN . JRAbEN. FIRRERREIR . SMCHIK . EMtEmR A bR . AR . PiE .
WElR . HER . AR LigREAEARAE])
1.2 IRETRE R BEE

PREF NMA )& R 4% 113,75 mg 6-20 38 -2- (2-MG Ik £ 3% ) - TH- 2R 5F S dE k-1, 3 (2H) - i (mA)
(0.35 mmol) . 331.52 mg 4BZE " HHERIF (2. 24 mmol) MIZE 15 mL M, ££125 CFMFiEdE12h )5,
REEEM, R RN K=l i AATE SR AE (Ve ¢ Vyor=50 © 1) 43 A il {4 NMA (88 mg,
FEE55.3%) . 'H NMR (400 MHz, CDCL,) 8(ppm): 8.72(d, J=7.8 Hz, 1H), 8.66(dd, J=7.3, 1.1
Hz, 1H), 8.05(dd, J=5.5, 3.1Hz, 2H), 8.01(dd, J=8.5, 1.1Hz, 1H), 7.93~7.87(m, 2H),
7.81~7.72(m, 2H), 4.37(t, J=6.8 Hz, 2H), 3.68(1, J=4.6 Hz, 4H), 2.72(t, J=6.8 Hz, 2H),
2.61(d, J=4.6 Hz, 4H) ; “C NMR(151 MHz, CDCI,) 6(ppm): 167.10, 163.89, 163.49, 135.03,
134. 12, 131.82, 131.75. 130.95. 129.26. 128.83. 127.88. 127.78. 123.66. 123.28. 67.06.,
56.15. 53.83., 37.34, 31.51, 30.14, 29.70, 29.66. 29.61, 29.33, 22.69, 14.12, HR-MS m/z
([M+H]"): 456.1515; C,H,N,0,[M+H ] HISit5HAE: 456.1559,

PREFNMB S DL 6-MiERE-2- (2-NE 2 58 ) - 1H-28 37 [ de ] S WEMbk-1, 3(2H)- il (mB) 8% mA,
SHAREF NMA 198 71, 183 % (0[5 78 NMB(108 mg, 72%69.7%)., 'H NMR(400 MHz, CDCI,) 8
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(ppm): 8.41(d, J=7.3 Hz, 1H), 8.32(d, J=8.2 Hz, 1H), 8.14(d, J=8.5Hz, 1H), 8.01(dd, J=
5.5, 3.0Hz, 2H), 7.93~7.88(m, 2H), 7.56~7.42(m, 2H), 6.71(d, J=8.2Hz, 1H), 4.37(t, J=
6.6 Hz, 2H), 3.77(t, J=4.7 Hz, 4H), 2.84(d, J=31.9 Hz, 6H), "“C NMR(151 MHz, DMSO-D,) &
(ppm) : 166.30. 164.07. 163.37. 148.72. 135.86. 133.68. 131.62. 130.12, 130.02. 128.71,
126.42, 124.41, 122.78, 119.62, 55.39., 53.87, 37.05, 31.71, 31.62, 30.30, 29.50., 29.19,
29.17., 29.04., 22.56., 14.42, HR-MS m/z([M+H]"): 471.166 7; C,H,N,0, [M+H]" #it it 1 .
471.166 8.
1.3 fERBMNHIE

FREL— & E % NMA Fil NMB i F —H SLIE(DMSO) H il 5% 3 mmol/L IOFREH &, BE—E
R AR 43 B 45 VS T PBS-DMSO(V = V=1 : 9)ZZ P i Fl PBS Z2 g, i i 30 mmol/L 1Y
it 25
1.4 B a0 Rz 3206

HEFAFS B 10 WL BT & A 50 WL PHiE & 2 3 mL PBS-DMSO(V : V=1 : 9)ZEohigsi e, et
FUBHEAA I 24351247 10 wmol/L 1500 wmol/L,  MRIAEAS [R5 18] ) % 5561
1.5 EFEEMNESEIE

VEFEME . FEREF NMA/NMB IR 10 wmol/L FIZZ Mg, IINASE B3040, 439 5% 100 min
H124 b 5 IR SCR & 56T

TegetE . FERRER NMA R NMB I JE 4 10 pmol/L BIZE v, [AEH I 500 wmol/L AL & 43 47
Wi, 43UV 100 min 1 24 h 5 0 USCRN & 56
1.6 REMBE

HETAFS BUA R A FR Y G 75 7 2 NMA/NMB (10 umol/L ) (922 g v LR AR08 4k BRI, 43 R
N7 100 min F124 h 5, W H L SHERE
1.7 BEHEEBIE(HPLC) LR

25 °C'F, &EHL10 WL NMA Fll mA ()65 5% (3 mmol/L) 73 AR INE] 3 mL %) PBS H, B 50 wL A Stk
fTHPLC 43T, 5 NMA (10 pmol/L) 5 N,H,(500 pmol/L)7E PBS-DMSO ZZ A H (V : V=1 : 9)IR4 100
min J&, BUS0 pLFEShZEIT HPLC 4307 . WA : ARHAK, BHEAZHE, R 420 nom, @R
4 Sino Chrom ODS-BP(4. 6 mm X 50 mm, 5 pm), BEEEVEMIFE)F A: 0~12 min, 5%~95% B; 12~15 min,
95% B; 15~20 min, 95%~5% B, 4 1 mL/min,
1.8 HAAEFRRRIERE

UL IR B AL K LO29 Ak AL EREFEINAT, MINE 10% G 4= 175 ) DMEM X535, TRONEE 3%
i (37°C, 5% CO)XEE 24 h, M2 mL PBSTEVE3 K. —4HAIMEMH 2 mL 5 10 pmol/LHEEH NMA (15555
W E 30 min; B —ZHANMIZEH 2 mL 2 50 wmol/L WFAOEE #5535 30 min, F PBSIEPE3 K, HH2 mL
410 pmol/LIR%EF NMA M55 351555 30 min.

TRBER E N SE5 . HeLa ZHM56 ] 2 mL 2 50 wmol/L A F5 11555 30 min, ZJ5 & 10 pmol/LA%E
B NMA 176 L7 55 SR AN B 8 2R 2 Y L (w00 & 30 min, PBSTHE3 )G MIA 1 mL PBS 58 i
FEo LR MAEER M 488 nm OGEI AL, A MR RIS fAiEIE (55

2 H#R5itiE

2.1 1R NMA F1 NMB X B 59 S 1 fim iz

B, MR T PR B R R & RS . B 2 0T, NMA R NMB ) 5 R Wi 23 437 T
340 nm 1403 nm, #1263 nm, BAEAL A NMB 2] 552 2 [ HERSE K (L 7 — Mt 1
FPEIERE “—NH—" ), i 70 m FHEhi /e Eos, SERIEM R . AR A S gt
AR R B T2 R TR, 5% NMA AR 8 L P76 (B 3A) 5 i NMB B F it 7
WEFEBAELE, 1 520 nm BHE BA IS5 986 (B 3B) o WFST T NMA FIl NMB 5 R Ak 276 R i8] 4 10%
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W & s . 2 N 3T, A DN AS: NMA 75 340 nm AbBOWL I 358 2 12 %7 R, 75 440 nm
Ak H B S W A s L R B SR K, RIS 527 nm B0 5% A5 S0t R i P 18] (14 92 4 T AS B 14
58, FE 100 min B EIE B R M (B5RZ7 500 75 ) , BLIGFEARMRFFAZS ;. HE NMB 5HFE &7 R A9
WSR2 B (B P RE AT LTS, #E 24 h S BIRRF A, S R KN 403 nm B HLTF 22 434 nm, [H]H
1 540 nm AR TR 2T S 5. LR SRR AN EER Y SR R TR S . (H5 NMA M H,
NMB () B[R B, DI E At B/, AT RE A th TR MR A, (1332 kL BT B 1%
FEWA R, H58 T HORRBUR R NV IETE, SO IRIGERK: s 5T, NMB 5RO AE A 4- RS
BEE AT Ay, BT RS R ER, RS2 Z M eA S B FHBEPEDIEN, iR
NEFEPI TSRS . T NMA BA 5 iR 5 e 37 LR B PRy e B3, 1645 NMA 31 75 S0
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Fig.2 Time-dependent absorption spectra of the probe—N,H, mixed systems
PBS-DMSO(V : V=1:9), [NMA]=[NMB]=10 wmol/L, [N,H,]=500 wmol/L
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Fig. 3 Time-dependent emission spectra of the probe—N,H, mixed systems(A-B), plots of fluorescence intensity as

a function of time(C)
PBS-DMSO(V : V=1 :9), [NMAJ=[NMB]=10 wmol/L, [N,H,]=500 pmol/L; A, _540 nm,
A, =420 nm for NMA and 527 nm for NMB, respectively
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F 2% SRR NMA X R e B, DK T X B 7. BHES (K. Cu™. Co™, Mg”., Ca™,
Na'. NH,". Mn*, Zn*. SO,>, NO,, SO,”, CI', Ac’, NO,. S,0,". Br. $). /NMyTHilELl K Ik
2 (Hey. GSH. Cys. Pro, Met, Lys. His. Trp) B GIRE o bl 4 v] %, AR5 B4 0 F7 220 R
FERER T R, HI LA G I, SRHHERER NMA X IR 48 3 0 e B Al | B i)
PrFILRE ST, oI H TR BRI . A, IR T B B = A ] pH LA B B & 45k
i, SEEGAESREH, 7EpH 4. 0~10. 0TGN, HOGIEREPE R AR A
2.3  IREFNMA 3B E 248

ST NMA GBS S A B A R M BT PR 7, IR T ANl R B R D6 . 45 R 8
7, NMA7E 527 nm Zb ()56 58 BEFE & R B 3G I 3E K, R EEAE 5. 0~70 wmol/L JEH N 54 EHH
PR Z ) 2RI R PR R, KR (30/k) 4 1. 83 umol/L,
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Fig. 4 Effects of analytes on the emission spectra of NMA(A) and the fluorescence intensities in the presence(red) and absence
(black) of N,H,(B)
PBS-DMSO(V : V=1:9), [NMA]=10 wmol/L, [analytes]=[N,H,]=500 pmol/L; A_=420 nm, A_=527 nm
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M. 100 min JG7E 13. 11 min BB — &, %085 mA B £ R AR, 00 NMA 5% A8 T mA,
25 BEVZ BB FRE (DFT) 45 R (B 5C) a4, 3% NMA £ HOMO HUE_E i) o #1732 3545 A AE NS I ]
b, MW LUMO $WiE i) w i FE B ARSI AR I BEEE b, SRR DGR B A2 k2 18] ) 6175 = v,
THERS, PIEREAR S LRGP, X THRE- S SOV =Y mA, HAEHOMO $E b w12
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Fig. 5 The response mechanism of NMA to N,H,(A), HPLC spectra of the reaction between NMA and N,H,(B),
molecular frontline orbits of NMA and mA(C)
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Fig. 6  Fluorescence imagings of .929 and Hel.a cells
A. incubated with 10 wmol/L NMA for 30 min, B. preincubated with 50 wmol/L N, H, for 30 min, then incubated with 10 wmol/L NMA for 30
min, C. stained with NMA (10 pmol/L) and Lyso Tracker Red for 30 min; 1. merged filed, 2. bright field, 3. green field, 4. red field, 5. colo-
calization figures of NMA and Lyso Tracker Red, excited with a 488 nm laser
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