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F)ZBEBERL), FEFIF IR, 'TH NMR, °C NMR, HRMS FIJG R S Hxt Fe 54T 7 R AE. FIFARIR . K Ah-1T W5 7586k
AT T LSBT RS R, PGS RER A, LAY L CHCN S I F, AcO M H,PO, J&, WRHE
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F, AcO Ml H,PO, HRAT. AN L0 45 I BoR, BRET L Wl ik B A R RECHERA F /1 AcO™. BRET L 5
F Al AcO™ 1458 % BU(K,) 4 SN 4.25X 10° F12.96 X 10* Lemol !, & BR(DL)4M 54 3.63X 107 F1 8.51 X 10 8 molsL .
Job £ FN%E B 7 MELIG(DFT)IFSEN, R4 L 5 F/AcO & 11 Bif. it 'H NMR #EHE T4 L 5 F/
AcO LA HLEE. SLbat LM, aY L al{E NN F A AcO™ i EL RN 9¢ Y IR 4.
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A Novel Benzimidazole-Hydrazone Derivative for Colorimetric and
Fluorescent Recognition of F and AcO

Li, Yingjun™* Zhao, Yue* Jin, Kun® Liu, Jihong*

Zhou, Xiaoxia“ Yang, Kaidong"”
(“ College of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian 116029)
(® State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116012)
(* Chemistry Analysis and Inspection Center, Dalian University of Technology, Dalian 116023)

Abstract A novel benzimidazole-hydrazone derivative, N'-(2-hydroxy-1-naphthyl)methylene-2-[2-(4-methylphenylsulfonyl-
methyl)-1H-benzoimidazol-1-yl]acetohydrazide (L), was synthesized and characterized by IR, "H NMR, '*C NMR, HRMS and
elemental analysis. The recognition properties of L for anions were studied by naked eye, ultraviolet-vis and fluorescence
spectroscopy. The results showed that the color of the solution changes from colorless to bright yellow upon addition of F,
AcO and H,PO, to the CH;CN solution of compound L. The solution of L emitted yellow fluorescence after the addition
of F and AcO under the UV lamp (4=365 nm). It indicated that compound L can be used as a probe for the naked eye to
recognize F , AcO  and H,PO, . The experimental results of UV and fluorescence spectroscopy showed that the probe L can
recognize F and AcO  with high selectivity and sensitivity. The binding constants (K,) of probe L to F* and AcO were
4.25X10° and 2.96 X 10* Lemol ™", respectively. The detection limits (DL) were 3.63X 107" and 8.51X10™° moleL ™", re-
spectively. The stoichiometry of complexation between L and F /AcO  was 1 : 1, which was supported by the Job’s plot and
density functional theory (DFT) calculations. The mechanism of binding of L with F"/AcO~ was established by 'H NMR
titration. The results showed that compound L can be used as a colorimetric and fluorescent probe for detecting F and AcO .
Keywords benzimidazole-hydrazone; anion; naked-eye recognition; colorimetric and fluorescent probe
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(R EERE F oy SR ER T 3ok 52 5 PR AR L R} 1T 7= 2 ) e
4 S EUA KIS R 75 g0 KT,
AcO™ 1 H,PO, Y EE B, Wit I &y R U 1R B
B IR R B 52 21 FE A

7 B RCONHN=C(R/AnZ5#, MBS WA
{8 BAT 2 R AR DS 2R B s R e Ae ), o
BP0 ol srRls pupE R mee
MBS R EE T, B S &R B T
AT RE 2N LRV R, BRI E
YIRTAE AR B 7 IR ER, IR LA mr e B A R A
JEBR10320 KB A R BoR, KT BRI AR
SR B TR SR IE . 2-FR k- 1- 25 2 FAE & As
R AR T AT, & TP RAN R ERER
ZAER L], B R ZE-OH 5 [ b 22 31,
A DA P 3o S SRS 0 B 3 1122

BT FIRER, o 2-F-1-ZEE S 2- 5 i
B VH-ZE IR -1- 2 B R 48 & A R T — /N B F
BRI AT 429 L (Scheme 1), #1188 AAsib &4 L7ER
BT T A VAR G SR A 1.

1 &HR510R

1.1 B EY L NERHE
1.1.1 BARS4 L4 IR i
L IR A4, 78 3426 cm ' b H IR 55 4 Ay

O—H KIHLEIRBNW &, 75 3238 cm ' AbHBLAI2RIE
N N—H KRR IE, 75 3086 13061 cm ' b H
LG N=CH FIZEFEKMEIR K 7538 AN AT C—
H 4RSI I, 76 2921 A1 2852 cm ™' Ak HY 3 ft i
YA C—H KR EIRBIIE, 76 1690 cm ' kb H L
I5RIEN C=0 MP4EHRsRILIE, 75 1604, 1575 I
1460 cm ™" Ab H B A4 06 Sl 57 PR B 8 f 4ol 45 R 2 R A U
76 1323 F1 1149 em ' &b H B 521044 SO, 1 s 6k 5 5%
PRI E RS U4, 7E 1240 cm™ ' b B R AR 5y C—O
TR AE RSN g, JRORIIEIE 4 (1) C=0 fh4E 4R 3hTR ik
(1681 em YHIH K, P9It C=0, O—H Ml C—O
G HR BRI R B, FTHIE e B AR LAY L C
A K.

1.1.2 HBis4 L 49 NMR #

LL DMSO-dg A7, TMS ANWFRIAR T H stk &
YL # 'H NMR . 2R 8K, HALE28 'H NMR
W ) CH, BARAKIS OH 1+ NH TR g 24
H KT RS HIEH, IF B2 o LR, X8 HAx
A L fE DMSO-ds AFEHE PR SRR, FR ¥ SCRik
(34, 35]RT %1, N-BEIRAFAEAE o8 T B E/Z JLART 544
5 F Bk N—C(OYEE K cis/trans )R 7M. 7E N-Bfiz
FUEYHRZLL E UMM AAE. Fik, B a9)
L RAFEAE LT BN N—C(O)EEH) cis/trans T 5 SRR
HAZ, B AR B A R RRIE. £E DMSO-ds 11, &
C-2 ZERIEMIBLEE, Eltrans SRS RAMEY. Frid,
B AW L A2 LA Eltrans NEERRIREQ. 1). HEIELA
FARATHERT I TAERS, 6 AL &40 "H NMR 3 1T
THE, B E/trans SRR BN 52.9%, Elcis SRR
HIE 8N 47.1%R 1). B85 OH. Bk N—H F1JF
b CH=N i I B, LA 3% SO,CH,
A NCH, w5 W ol i U B0, B SR Ih 381 7 B AR
5¥ L.
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B, BRSO T RS R H, X R RO TE
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Scheme 1  Synthetic route of compound L
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11@ 0
HsCy5

A isomer (E/trans)

M

B isomer (E/cis)

#1 HRLEY L % 'H NMR JH & (DMSO-d, 500 MHz)
Table 1 'HNMR data of target compound L (DMSO-d;, 500 MHz)

on

Isomer

BZM-H+Naphthyl-H+ ArH

A/B/%

8.36 (d, J=8.5 Hz, 1H, naphthyl-H), 7.92 (dd, J=8.8, 1.8 Hz, 1H, naph-
thyl-H), 7.88 (d, J=8.0 Hz, 1H, naphthyl-H), 7.71 (d, J=8.0 Hz, 1H,

1226 12.15 925 528 520 241

BZM-H,), 7.67 (d, J=8.0 Hz, 1H, BZM-H,), 7.51~7.65 (m, 3H, ArHX2, 52.9

naphthyl-H), 7.33~7.45 (m, 3H, ArH X2, naphthyl-H), 7.15~7.33 (m, 3H,
BZM-Hs,Hg, naphthyl-H)

10.80 11.71 895 5.18 5.68 2.37

47.1

F2 HIFLSY L 3C NMR JH/8(DMSO-d,, 125 MHz)
Table 2 '*C NMR data of target compound L (DMSO-d,, 125 MHz)

C=0 C—0O SCH, NCH, CH;

BZM-C+Naphthyl-C+ Ar-C

146.40, 144.76, 144.66, 143.85, 143.78, 143.10, 142.11, 142.08, 136.34, 135.88, 135.73,
132.89, 132.49, 131.47, 131.35, 129.63, 129.56, 128.89, 128.68, 128.18, 128.13, 127.97,
127.85, 127.80, 123.55, 123.52, 123.46, 123.01, 122.77, 122.16, 121.88, 121.25, 119.24,

162.79 157.87 5390 4541 21.09

119.06, 118.70, 118.15

167.23 156.83 54.08 45.25 21.05

3 T Jh 33 355 (10 B (C = O) AN Iy ¥ 6 AHE (1 Bk (C—O) LA
K =35 C(8) (SCH,), C(9) (NCH,)M C(12) (CH:)W Wil
I, 2 — W B AR 7> 7 L CHR) & .
1.2 BfFUEY L MABEFRIRA MR
1.2.1 #RIRIRF

PRI AT WA 75 248 AR TG A S, HARRA &
A A s BT Rk, 1 2a AT T R AR IR S Pk Rk Y
7, UMEZELEY L WS FrHagusit. m L
f) CH5CN ¥ ¥i(1.0X10™* mol/L)H 23 HIbIA 2.0 equiv.
AR F(F,Cl,Br,1,AcO, H,PO,, HSO,,
SO, NO,, NO;, SCN, S f1ClO; ), RJGEH
KT BB AMT R (A=365 nm) WS E B A4k, SELR
g mE 1R, MM F, AcO FH,PO, i, 7EH%
TN TG B S, TN R I
W B E AR (K 1a). TEEAMT S T (A=365 nm)
MEERIL, I F F AcO &, R H 3 9%,
T B B B8 7 AR 5 21 ] S (R AR (8] 1b). SE
R, (A L nTENBRIRIG] F-, AcO A1 H,PO,
RHRA F A AcO™ IIHRET.
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1.2.2 UV-Vis #= 5 X XL 65T 52

R T B FURET LG I R AR RE,
TEHRED LA CH;CON #7(1.0 X 10 mol/LYH 2 H A
1.0 equiv.ANFFAE-FIE I UV-Vis FZtkil, seihst
Rl 2 fron. AN Woe ik (B 2a)52 56 45 B ER, 3R
Bl L ) 2T RAE 308, 320, 354 A1 367 nm Ak HUER YA
A2 Rk, 2453 AN 1.0 equiv.ft) F Al AcO™ i,
W A A P 5 55 B S ARG, 7 367 nm ARG RS A 40788, FF
HAE 402 nm A H B T —ASHT IR g, B AcO™ 51 2R
7E 402 nm AL PIWRCREE KT Fo, MmN e B i)
T AR, B IE (R 2b)seh4h K, Wi L1
CH;CN ¥A7AE 480 nm ALY eaR MRS, HIIN F Al
AcO J5, RN RIG5E, HFHHE AcO 5IREMFE
WeEKT Fo, 1f H,PO, RAHSE e BERE A 1Y 58, A
HeHE PR EHEAL. ERERER L 5 F A
AcO REIRIFHIEE &, WIEN F/AcO™ I LL R PR ET.

NT MR L5 F 8 AcO [UECALIB M, 1T T
S NFN T e B E SER, A5 R 3 s, BEE Fak
AcO ¥R E K38 N, 7 308, 320, 354 fil 367 nm ALK
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Figure 1 Color changes of probe L (1X 10~* mol/L) upon addition of 2.0 equiv. various anions in CH;CN under daylight (a) and (b) UV

lamp (A=365 nm)
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Figure 2 (a) UV-vis and (b) PL spectra of probe L (1 X 10"° mol/L) upon addition of 1.0 equiv. various anions in CH;CN (1. =360 nm)

W WA U 5 P SR T R ARG, T TE 402 nm Kb AR AU 5 3%
HIESE, FFE 377 nm AL B T — AN ERIOS, X bREE
L-F /AcO & &Y (E 3a Al 3¢). 24 F HIIKREIAS
8.0 equiv. HJ, 7E 402 nm AbFIR IS 58 FEAS BRI N, 24
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SRR RN, XU L5 F e AcO™ HIBD LIk B Al
B F 80 AcO™ B FIREE I IN, 56 thix
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W E IR A U, IAEIBEAE L 5 F 8 AcO B T
FE B &9

| FH Benesi-Hildebrand 77 #2153 2] T L 158 F00 5%
T F/AcO 1B FIR L 26 (8] 4a 1 4c). HRHEHIZM
FIRFMREE, B3 7T L 5 F o AcO 45 &% Hu(K.) >
WA 4.25X10° F1 2.96X10% Lemol . #& HFR(DL)% %
93.63X 10771851 X 10 ¥ molsL™". HHEE 1 F1[E 2 LA
K B AR BRI S5 A BT R, BRER LS Tl B
L& RE /2 AcO” >F > H,PO, >HEWE . ik
I3 T SHRER T B3 B AN 5 AR A 5%, 1 L
5 F AR B 7 24k 2 A AL TR A 5B, P =
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AT BRI 72 ik I B & 7 s & 5 R
L EMEETFEENAET. L, L5 AcO M&&
WK, KRR, BRE L X F A AcO™ RS HHBR
T T 25 AR 47 B (EPA) B SE IR K F i Kis
PeEIR (211 pmoleL ™ "B UL KRR AcO I E &
(1X1077~3 X107 molsL™ "™,

RNT SV ERE L X F/AcO R AITERE, F
F 3 HIE T T F/AcO™ 5 & B 4L e i+
Posegs. WARLE KR, H400lR&HE F A AcO MR
L Y CH:CON I AR B E Fl& RS 1A,
i F Al AcO™ 52 HIFE 480 nm Kb % 3 A ALK AR
TREF(E 5), AZILEBETFHTI. X—WEUFL, Frill
R TE4 B FARTIERE LA F/AcO i REE.

NTWERE L5 F/AcO K&, KM%Y
SR HEAT T Job thZR M (B 6). i 6 7T LA
EH, BEE F /AcO MR SUE, R RELE
480 nm AbRAN, M F A AcO MIBE/R 3 H3M 0.5
B, % L 5 F/AcO 4B Y1E 480 nm AbHI I T 5
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Figure 4 Binding constant of probe L with (a) F and (¢) AcO  in CH;CN and the linear relationship curve of probe L with (b) F and

(d)AcO™
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Figure 5 Fluorescence responses of probe L (1 X107 mol/L) to (a) F~ or (b) AcO~ (1.0 equiv.) at 480 nm in the absence and presence

of various ions (2.0 equiv.) in CH;CN (dex =360 nm)
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CH;CN-DMSO-ds (V : V=5 : 1)IREEFT, A (Eltrans)
SRR )& AT DMSO-dg W & (LR DA BT
W, BRI 60%. MiH L ] CH;CN-DMSO-d;
(Vi V=5 DIEBRFIMA 0.1 equiv. F (K 8a), K17
OH (H, 1 H,)M NH (H, A1 Hy) 5t 715 S 2, 10
OH FINH i FUAVE B NE F B, M F REIRE
K Z 2.0 equiv.if, CH=N (H, 1 Ho) i T FIZ534 (1)
Hy F1 HoJit 715 5 WK IR B K34 % 30, 38 F
5 L ) OH A1 NH Jii B )&, He/He'M HA/HA' Fiaz 5y
LK. [ L #) CH;CN-DMSO-ds (V : V=5 )&+
AN AcO™ i (P 8b), B AAIA.

£ F/AcO fRE TR, 4 L 2 L OH R 15
BIR T Z A1) 5> 7 N EEEREIR, TR cis-Bil =025 1.
Hd/Hd' ) X0 K37 74 3), RH cis-BiX BB RN T
trans-TZX, %R T 58R TR T 70+ WA
[FIF, He/He''5%53 F AR TR T 40+ W &5k, ff
HAL A B K (Scheme 2). HR4E ik Job M A%HE
WELEH, BHRE L5 F/AcO ATRERIZR-SHLEE, W
Scheme 2.
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Figure 6 Job’s plot of probe L with (a) F (1x<=360 nm) and (b) AcO  (1x=360 nm)
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Figure 7 Naked eye color changes of probe L and L-F /AcO  complexes under (a) daylight and (b) UV lamp (A=365 nm)
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=510
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P E R — R EE N T AYS 54 L9 MEP 5
BN, A X O IE PSR R DX, W R X S L
#Erh X 4. MEP 1545 5 2 or (& 9b), % L e #a
KIFE X 8= EAESRE N—H Ml O—H AR 7 i,
HAE I N+2.37 A1+3.27 eV, RIZX A 56 5B &
THIEAF FHE 4. MAC F1 MEP RUHE 4R S ik
R IRE L5 F /AcO 0454 HLEE(Scheme 2)—3X.
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&9
Figure 9 (a) Calculated Mulliken atomic charges and (b) mo-
lecular electrostatic potential of probe L
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1t HZR HITACHI F-7000 Y664, B 255348
TRF 2> = ) S 1) o0 AT AR 7).
3.2 REt N-Q-BE-1-ZE)TLHRE-2-2-4-FEXRHE
Bk ECER L)1 H-ZE FE k-1 - B 2 BE B (L) B A BR

HA R E D) 1~4 225 SCHR[36] A B 171 F-14:11 50
mL = EHR AR KN 1 mmol 2-$236-1-25885 . 15 mL 5
K CBEFN 3 OKEEIR, INFAIRIAL 0.5 h &, BN 1 mmol
TS 4, SR8 3 h, JRNEERE, BN
REPAENZE R, g, WRHTE, KBIEvHEE R
—ANFEERE 30 mL HEE, N 5 mL B, [ S
min, DA RR 2 EORI IR R RIS, A a2 e, #
LMl mL X 3), AT, iR EREE A A
WAL EYIL, 773 74.5%. m.p.>270 C; IR (KBr)
v: 3426, 3238, 3086, 3061, 2921, 2852, 1690, 1618, 1604,
1575, 1557, 1460, 1323, 1240, 1149 cm '; ESI- HRMS
caled for CogHuN,NaO,S [M+Na]® 535.1416, found
535.1298. Anal. caled for CosHoN,0,4S: C 65.61, H 4.72,
N 10.93; found C 65.73, H4.91, N 10.78.
3.3 TWHRHMIEMETTE

&Y L MRS ECH]: LA HF E(DMSO) A
WA, B A Y LB E A 5.0X 107 moleL ™ i & VAT,
SRIGREHL— & IR R CH3CN FAFERL 1.0X 10 mol-L
LRI AR

BB 7 IR I S ) 6% FO, €T, Bro, T,
AcO~, H,PO,, HSO,, SO, NO,, NO;, SCN",
S*, Clo, +=FBHE T AR, L CHCN A%
7, B 5.0X 107 moleL ™" HIBH B Ak & 1AW, LAH 4
F. 566 RE I e S 1E =R A E R HET

FH S TR VARG H): 1E98F Ba®', Cu®', He',
Mn?", Pb*", Zn*", Cd*", AP A Ag ILRh 48 55 1 NI 5T
X5, PLH0 A, B 5.0 X107 molsL ™" [ 1%
BRI, SRR — 2 AR CH.CN #kEk 1.0 X
107° moleL ™" FURFMTER. D661 I e H7E = I 4%
R

MRS FiR, RN 1T emX 1 emX 4 cm 4358
Ebfalll, EX 2% 5.0, EM 445 5.0, WA K Ao 360
nm, T 360~620 nm 305l P I 5.

B kL (Supporting Information) HAiRb&4) L 1)
IR, '"H NMR, C NMR Fl HRMS &, X248}l Ll
i A F] I 325 (http://sioc-journal.cn/)_E T %K.
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