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Design, Synthesis and Application of Fluorescence Resonance
Energy Transfer-Based Ratiometric Hydrazine Fluorescent Probe

Yang, Ziqi* Liu, Xingkun”

Jiang, Lu'nan”

Wang, Mei™*

(“ College of Chemistry and Environmental Science, Hebei University, Baoding 071002)
(* College of Pharmacy, Hebei University, Baoding 071002)

Abstract Hydrazine (N,Hy) is a highly toxic biochemical reagent with the capability of mutagenic, teratogenic and
carcinogenic. For accurately monitoring the concentration of N,H, in the environment and life, two FRET (fluorescence
resonance energy transfer)-based dual-emissive ratiometric fluorescent probes (FRET-1/2) were designed and synthesized. The
structures of both probes were charactered by 'H NMR, '*C NMR and HRMS. The results prove that both probes exhibit good
selectivity and sensitivity to N H, and can be used for detecting N,H, in water samples.

Keywords hydrazine; fluorescence resonance energy transfer (FRET); ratiometric; fluorescent probe
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WD B AT, NoH, 7e R4 =48 Off-On BT EL
Bl RO [ 5 R IR . RIS A A
RITHRO, 5 B UK b A IE ThgE, it
D52 RET S NoH, [ BRI 5 RUR 56U f B 31 5% Y6481k,
AISREN NoH, BRSO A e %, 21y s i i
(ICT) %% Y I 4R fE T 74 #5 (FRET) A2 #4) 2 Ll o) i AU 9%
FERET B AR £ E R E P B R B PL B RE b
BT NoH, SOCIRE R BT 1CT JRE >, I
FRET JE B bb it s AR e, W LR TEIESE FRET
BUARFIZ AR, AT LR S HbAE I B 5 [ 7 B2 8 FRET fitA
BCE AR b, SEINOR S (BOSUEUR) B A8 T B A

ASLLL T-(N,N-" LG 3%)-3- #3520 N FRET it
1, HEN FRET 24K, ZBEERIEAN NoH, iR 515,
it 5 BHIE R, BRI ETER LS NoH,
PEICIRER, MR T BRERT NoH, FE B PR R, PAG
T PRER FH T 52 bRk RE A I N, H, [ fE

a4
feego

FRET-1/2

OH

FRET ON

HOOC

O
FRET-1/2-N,H,
BR1 %4 FRET-12 5 NoH, iR AL R & K

Scheme 1 Illustration of fluorescence sensing mechanism for
N,H, detection

1 &R511R

1.1 SEHIRE FRET-1/2 B0t 548 /K

EEA T R S IR B RES L B B XK EL ] A
FLIEThEE, A RN BRI B (BRI . ). &
Yok E 96 R A S R UETVE (50, FRET 2
TR SO IRE £ BT i, 2R FRET AR 1)
POER ST FRET 52 1A 105 AR SO 61 BA7 — e
FER LS. ARSCUAZ I 7-(NN- L JeE)-3-RIEF O
R ICER 7 AME N FRET A2k, ZBEBERAE N
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NLH, (R B3 BB E FRET 32469 6 K b, T
PN OUR ST e v R EREE FRET-172. # E R A28k
FAEWWE /£ FRET RAMBEARER, 7 HAFRESM®R
FEH TP B IR R B, U ML A 5N F T
PR RET I . 40 Scheme 2 Fios, JEIT 5 45 (R B
AHLE K, HFRIPABOR S EEH R N H, 563 E

FRET-1/2.
o
(@) (0]
HO OH (1) MeSO3H, 80 °C
+
\©/ (2) Ac,0, pyridine
COOH
AcO
AcO (0] OAc
LI
+
o

HATU, DIPEA, DCM

f m

r 00 (\N TFA/DCM
o
3
1o0r2
r m('\l \) HATU, DIPEA, DCM
AcO

- o ()0
(N 0__0 (\N O Q one

FRET-1
AcO

o 0

S
L K/N o]
N 0" o

N o

FRET-2

B 2 % FRET-1/2 (4 RS2k
Scheme 2 Synthesis of probes FRET-1/2
REF SR OB ER R TN, bR AR N
Piglity, HAAREILPELEMPRIR, 7E 450~550 nm 5
Bl A B SR IR AR DL 405 nm ORI, FREFH SR
DA S5 475 nm A5G KT, FRET #EMH];
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REF 5 NH, R NG, KGR TR N EESSF 8T I, FR
F BRI, F 450~550 nm A AE R
SR AR LA 420 nm EERS, FE R 475 nm bR
SRR IRTY, PEOGE 525 nm ALHITEGIRE SR, FRET
PR R IR RS S S FRET 2475 3 14541
W = AR B R OGS &, FRET R4E(E ).

—— Abs: FRET-1
.y I\ == -Abs:FRET-1+NH,
oV Py EmiFRET-
! \=-—-Em:FRET-1+NH,

0.4

Relative intensity/a.u.

o
N
1 s

el T~

©
o
| s

500 550 600 650

Wavelength/nm

Bl 1 REF FRET-1 5 NoH, SR PS8 AMRIBOG R RT O
B RE H— L 28

Figure 1 Normalized curves of UV-Vis and fluorescence emis-
sion spectrum of FRET-1 before and after the reaction with N,H,

1.2 TORIFET FRET-1/2 BOIR R MR

i P — B B PE  VOG IR E R AL R 1) 2 4
br. WREFERNBHE RS, 52 BNEY . WY
4. N TP REN R B, DR T 4R X 2 Mg
TEF I Ieil, KBTI aHE SRS T
(Cr'. F&'y Co™'. cu*'. zZn*'. Mn*'. Li'. Mg*'.
Pb*". Ca?'. Agh). BIE (I . C,0F . Si03 . NO3 .
N3 ). FEERUAEY(TEA. &K, BBl LR Ok
k. Gl 2 B, PRAREHE IS 200 equiv. B £ T4
FRILHEE, BRI SR — RS e A, He Tt
VDIt B R EN e e v R AE R, REF S
NoH, MG, 78 475 nm &5 G 0859, 525 nm 4k
POt R FE G 5R . TF BIR 4 FRET-12 1) b 2 1{H
Is3sam/s70 nm 75 AN 32.6 F1140.8, Ui BXT N,H, 1R ¥R 30
R LR RV, ST IR BV IOR Y, REF R R
FIABEHRT NoH, BEATE PRSI, RN, $REME pH
5.0~10.0 JEHE N ARENE RIF, X NoH, Wi R ge ) A LR
FEAAR.
1.3 TORIRE FRET-1/2 MR EIEHR

9T VRN ERE I R, TR T R A 5 OR R
NLH, 2 M 15 6T & e, K 3 Frw, WE NH K E
BT O, PREE 9 R R B BRI LL I AS fk, FAE
475 nm Kb PGB TS, 15 525 nm AP
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40

1a I FRET-1 + competing analytes
354 [EE FRET-1 + competing analytes + N,H,

,-525/475

1234567 8 91011121314151617181920212223

b I FRET-2 + competing analytes
[ FRET-2 + competing analytes + NH,

F525/475
N
a
1

G
1234567 8 91011121314151617181920212223

B2 474 FRET-1/2 (2.5 pmoleL ™ ) A\ &R 2E T-He4(500
umoleL ™) 5 fy b 451 5¢ Y A5 A P
Figure 2 Ratiometric fluorescence response (Fsps/Fyz5) of
FRET-1/2 (2.5 pmolsL™") to potential interfering species (500
umolsL ™)
1, probe only; 2, Cr*"; 3, Fe'™; 4, Co*™; 5, Cu®™; 6, Zn*™; 7, Mn>"; 8, Li™;
9, Mg>"; 10, Pb*"; 11, Ca®"; 12, Ag™; 13, 1; 14, C,03 ; 15, Si0F ;
16, Si0§_; 17, N3 ; 18, TEA; 19, ammounium hydroxide; 20,
NH,OH; 21, acetyl gydrazine; 22, EEA; 23, N,H,
BB ETIE SR, PREFTE 525 M1 475 nm AR 6 HRAE
(Fs35 nma70 nm)-3 NoHy ¥R FE(150~350 pmoleL ") E A 5 b7
LM R (L EM DS 28 R2>0.99), FWIHRE AT LLE
R NoH,. W48 3o/k HITHHTIEDY) $R%F FRET-1/2
FRRS: AR B 23 5310 49 100 AT 76 nmoleL ™", 5 Sk IE 1) 1
B R EN AR Y. R gs R i ik T EPA A
WHO FLE BRI BBR{E 100 nmolsL ™', FHAFRE AT L
THRIKEE NoH, kil [FIRS, M6t ny LLE 2,
WE A G R FEE RN HEOTL(ET R0
0.15 A1 0.12), 5 NoHy RFJ5, R 2R CER I EER
EIOGCET 5358 0.56 1 0.57).
1.4 TIRET FRET-1/2 BOIRBIALEIRF 52

NoH, BATENE, TLUKMRERZE. & 1 phs, 384t
KRG RA 350~450 nm JuFE N F T RILIIRIK, 5
NoH, SN 5, REHE 450~550 nm 5 A HU B O R 1
AR, T R I, REFS NoH, RS,
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600 1— % e 0.
500 N,H /(umol-L"") 1 KEE NoH, RS I 25 5
. 500 Table 1 Results for the determination of hydrazine in water
E 400 ‘ samples
> Y=0.11034* X- 11.3353
z 200 o KB @ NoH, N NoH, RLIE I /%
2 175 180 102
i 200- E kK 225 213 94.6
300 312 104
1007 175 172 98.2
0- ZIRK 225 227 101
300 293 97.6

700 b - ::
6004 N,H,/(umol-L") |  FRET2
500 20
:; 500 1 15
(\“' 10 £ ;Zl;.!g;?;é')(-103557
2 4004 s
n 0 — T T T T
5 150 200 250 300 350
£ 300
% 200+
100+
0- -

450 500 550 600 650
Wavelength/nm
Bl 3 454t FRET-1/2 (5 pmoleL )% i i Hh 2%

EE%;lre 3 Fluorescence titration curve of FRET-1/2 (5 pmole
I3 B m/z 688.2284 F1 688.2283 /3 1B TU&, 7395
1k &%) FRET-1-N,H, 1 FRET-2-N,H, [ FLi$ 73 T R A0 T
(IM+H]", 688.2295). L L5 HEH, NH, /KIFHRE 45
TR IR A LB BE S R, 1 G R IB
Bis 4 47 71, BEBUR G R B RO6, 5 2 k& SCHkAH
FEOIT2L221 L N Scheme 3 TN,

=
(0]
FRET Donor
FRET Donor

B3 PREF FRET-1/2 X NoH, (135 AL
Scheme 3 Sensing mechanism of probe FRET-1/2 to N,H,
1.5 TS FRET-1 BT 7KkiEH NoH, 10
N T PR IR F T S BroK AR R NoH, B RE
[ SR AR AR K T N — 2 WKL O NoH,, A 3
PrAErh 2T &, Wk 1 PR, Rgs RS SLhrmA
NoH, BHA—F, IR AT LLR TS8Pk i NoH,
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2 i

ASCHT FRET 53, AT E N FRET fiifk, %
J6 3N FRET 244, ZBEBGIE A N H, OB, #it4
BT AN XUR S LL ) A NG H, RO IRER. B ET
FRET-1/2 %t N,H, HAG 5 e 80 A i it R i,
AR R 23531 9 100 A1 76 nmolsL ™", 44 7] L T 52
JKAE R NoH, AT

3 ZHES
3.1 NFRERHF

Brucker 1% i 3 4% {X (400 MHz); Varian 7.0 T
FTICR-MS Jfi i (35 [E Agilent 7 7]); Cary Eclipse 7
HiE A% (35 [E Varian 24 7]); Cary 100 bio 2 Y6 (3 E
Varian 2 ).

FEJZHT FEER(100~200 H) K GF254 # )2 2k
BN B P )7 ey B R R A 70 24 D 7
BEH, M a4 2 AR, T AR S 4 Tk
AL,

3.2 ZWHE
3.2.1 Lbedh 1~4 8%

WA 1~4 0 CIRIETVEAT A AR

W E LR g -6- 2 R (1): A [ &, mp.
187.2~189.1 ‘C; '"H NMR (400 MHz, DMSO-dy) J: 8.27
(d, J/=8.0 Hz, 1H), 8.18 (d, /=8.0 Hz, 1H), 7.85 (s, 1H),
7.29 (s, 2H), 6.95 (s, 4H), 2.28 (s, 6H). HRMS calcd for
C,sH1704 461.0873, found 461.0864.

KN EN LB -5-R K @2): B EFEAAK, mp.
194.5~196.0 ‘C; '"H NMR (400 MHz, DMSO-d;) 0: 8.44
(s, 1H), 8.32 (q, J=3.2, 8.0 Hz, 1H), 7.55 (d, J=28.0 Hz,
1H), 6.99~6.93 (m, 4H), 2.29 (s, 6H). HRMS calcd for
C,5H1704 461.0873, found 461.0868.

T-(— Olfade) B G AR -3-FRIR N-FU T HE IR R 1t i
(3): WH A, mp. 175.5~178.0 ‘COCHRER 176~
179 “C); '"H NMR (400 MHz, CDCL;) 6: 7.86 (s, 1H), 7.31
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(d, J=8.8 Hz, 1H), 6.66 (d, J=8.4 Hz, 1H), 6.52 (s, 1H),
3.71 (bs, 2H), 3.49 (bs, 4H), 3.42 (q, J=7.2 Hz, 4H), 3.37
(bs, 2H), 1.45 (s, 9H), 1.21 (t, J=7.2 Hz, 6H).

T-(Z LR E R -3 N-EIREI I (4): H1k
G 3 A=W O ZE R REAVIV =101k, 2
BRI&FE, Raith, BEEIATESRBL. mp. 199.2~
202 °C (SCHRAE P 201 ~203 C). HRMS caled for
CasH17,0, 330.1812, found 330.1815.

3.2.2 4t FRET-1/2 494

4 230 mg (0.50 mmol)fL &4 172 ¥ifET 20 mL
K& HBE, IIA 228 mg (0.60 mmol) O-(7-A LA I =
M- 1-J8)-N, NN N'"- PO HTEE ik 7 6B B2 i (HATU), =R
PEFE 30 min &, KON 115 mg (0.50 mmol)iL &4 4
F1 174 uL (1.00 mmol) N,N- 53/ #E Z%(DIPEA), =ik
PR, B R SRR IR A — S R e 2B MR 2Rk
Ve TOKBRERIN T W4, FEENT B &) ©
N8 B8 =3 : 21495 331 mg WiEta[E{A FRET-1,
F=H 85%; 316 mg ¥k ¥ (Al 1A FRET-2, /=% 82%.

R4t FRET-1: m.p. 184.2~185.8 “C; 'H NMR (400
MHz, CDCl5) 6: 8.08 (s, 1H), 7.88 (s, 1H), 7.66 (d, J=7.2
Hz, 1H), 7.29 (d, J=9.2 Hz, 1H), 7.21 (s, 2H), 7.10 (s,
2H), 6.83 (bs, 4H), 6.59 (d, J=8.8 Hz, 1H), 6.45 (s, 1H),
3.81~3.42 (m, 12H), 2.31 (bs, 6H), 1.21 (t, J=6.8 Hz,
6H); *C NMR (101 MHz, CDCl3) J: 168.71, 167.62,
167.38, 164.18, 158.33, 156.57, 152.04, 151.20, 150.88,
142.93, 130.07, 129.11, 129.01, 125.49, 118.53, 115.83,
115.50, 110.40, 109.31, 107.03, 96.18, 81.26, 44.08, 20.73,
12.19. HRMS (ESI") caled for C3;H3pN,Os5 772.2506,
found 772.2504.

R%F FRET-2: m.p. 181.4~183.2 C; 'H NMR (400
MHz, CDCls) 6: 8.05 (s, 1H), 7.94 (s, 1H), 7.23 (d, J=8.0
Hz, 1H), 7.33 (d, J=8.8 Hz, 1H), 7.24 (s, 1H), 7.11 (bs,
2H), 6.84 (bs, 4H), 6.67 (d, J=8.0 Hz, 1H), 6.53 (bs, 1H),
3.93~3.43 (m, 12H), 2.31 (s, 6H), 1.23 (t, J=6.8 Hz, 6H);
BC NMR (101 MHz, DMSO-d;) J: 168.78, 168.50,
168.07, 159.16, 157.35, 152.20, 151.43, 537.59, 134.20,
130.08, 128.84, 126.33, 124.73, 123.87, 117.91, 115.75,
110.53, 109.92, 108.18, 97.40, 81.78, 45.30, 21.11, 12.32.
HRMS (ESI+) caled for C;3;H3N,Os 772.2506, found
772.2501.

323 R

PREF FRET-1/2 F DMSO Bt il p% 2.5 mmolsL ™' [ £}
W, MR 2.5 umoleL ™. SEFRMEIR A & Fh+
P TN ER B 38, IAIREE A 500 pumoleL ™', ¥l
WIEVBCN Tris-HCl 223510 mmoleL ™', pH 7.4, 5%
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DMF). %66k 70 =R & 4 F AR, FEaiby 1
emX1 cmX4 cm AJELL L, WOk KN 420 nm, ¥
AN B B 4 5 43 34 2.5 nm A1 10 nm.

4 Bi#1 8 (Supporting Information) H[E]1A 1, 2,3, 41
'H NMR B3, Hisfh&4 FRET-1/2 1 'H NMR, “C
NMR 1 HRMS K. X Led el a] LLAg 9 A 99 il
(http://sioc-journal.cn/) I N #k.
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