% 4”) {t« % DOI: 10.6023/cjoc202004007

Chinese Journal of Organic Chemistry

—MENEEENEE TR “X-FF7 BURLISNAEERET

E e T /e A S OB
“RIREE TIREA RIRZGY) S s TREE SSLih= [ IFE 475004)
CITE R E R W TR 475000)

WE L 2-[6-(NN- " FEHE) 25 31 7- e B4 H- (ol 9 9 et L [, 2-me e PRI U 1, BEit-&r e 1 —Fharif
B BT I LA IOEARET(6), JEH '"H NMR. PC NMR. MS RUUGCER AT T4 % E. ZRE R P it 5
Cu? R AERE S URE, 655 nm AL B A i, [ DAY AR AT VAR € R A . E 0~2.0X 1077 mol/L I, %%
SREERT Cu® WP BB R AP R, RIIPRAY 3.2X10°° mol/L. HLEIWFFEFR I, Cu®* Al PRE 1) e B A A 5 ek
2, R BRI IE I 2-[6-(N,N- e B 2R R - 7- SR B -4 - (S). AN, AZRAET T TV A A S T O U
REEA S, MR T TSN POLIREE

An “Off-On” Near-Infrared Fluorescent Probe for Cu?*
Detection in Living Cells

Fang, Ru“ Ding, Xu® Luo, Wen™* Hong, Chen™*”
(“ Key Laboratory of Natural Medicine and Immuno-Engineering of Henan Province,
Henan University, Kaifeng, Henan 475004)
(® Huaihe Hospital, Henan University, Kaifeng, Henan 475000)

Abstract A near-infrared fluorescent probe (6) was designed and synthesized by using 2-(6-(dimethylamino)naphthalen-
2-yl)-7-hydroxy-4H-chromen-4-one as report group and 2-picolinate as recognition group. The probe was identified by 'H
NMR, “C NMR, MS and elemental analysis. The probe could react specifically with Cu®>* and its fluorescence intensity
increased obviously at 655 nm, at the meantime, the color change of the solution can be seen by naked eyes. A linear
relationship was obtained between the fluorescence intensity and concentration of Cu®" in the range of 0~2.0X 10> mol/L,
and the detection limit was 3.2 X 10® mol/L. The mechanism study showed that Cu®>* catalyzed the cleavage of the ester bond
and strongly fluorescent 2-[6-(V,N-dimethylamino)naphthyl]-7-hydroxy-4H-chromen-4-one (5) was generated. In addition, the
probe 6 could be used for fluorescence imaging of Cu®" in living cells.

Keywords flavone; copper ion; near-infrared; fluorescent probe
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NG FURHIEAT 5 i (Scheme 1).
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o*’fio‘

Reagents and conditions: (a) HMPA, benzene, n-BuLi, hexane, r.t.;
(b) NaOH aq. (w=10%), rt EtOH (c) DIC/DMAP, CH,Cly, r.t.

B 1 HRE 6 1B
Scheme 1 Synthetic route of the probe 6

1.2 BEEKH pH 3HHRET 6 WAIRERIF M
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[ 5 & A 23k, WP PRI pH ELE RS, (Rt th 75 B
52 pH XAk 5 12 e, DA e &R pH YE L B
la F1 1b 4354 452 F1 478 nm #k F, “RIA pH % H ]
& 5 FIEREE 731 6 2R ER M. WE 1 ] LUE H,
ANFERIBORBEART, WEBBIEAME, RUBUKEK
AR R CRAATEM AR, 24452 nm N BUR AR, o
(44 5 FREL 73T 6 M58 ek B 2= B FE K, (R 0L s 4]
BLL 452 nm ABEUR K. FAL, HiEE S 7E pH 4~9 JE
BBl PN 9% 60 FE ARk LU B A B, LAE pH <7 B 9 Y 3 2%
59, MTE pH>7 W28 68 A B B0, X2 i T Ak
5 HIFRERAERIME LA T i Eh, FR O B A - SR AR IR
MR, TER “HE-h0” AR, 2OGTREEYsE. fERR T
AR, “HE-RL ASRIREREIR, ROGIRFEESS. MARET
53F 6 1E pH 4~9 . [l PN 2 5 FE AR A A K HL 33 LU
59, RURE 6 ARG MAENE. £ pH="7.4 K%k
S ZE R LA IR, R E SR 7E pH="7.4 ) Z I/
Tris-HC1 (V & V=2 : 3)&EW T4,
1.3 F4H9SF 6 %t Cu* BN R

BRE > F 6 Te il Rl — B 3L AR (DMSO) LAE R,
TR B FF 28 v R R . FIEREE 6 (10 pmol/LY A Cu®*
(20 umol/L)J&, 65 i 6 35 I [ F HHE % 1717 ik 35 1 o,
16 150 s LA NIRE (655 nm)ilsFlfam, F£UZHE
X Cu " f RN, FRET 6 I Cu®' Rl JE B Ak~
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Figure 1 Effects of pH value on the fluorescence intensity of probe 6 (10 pmol/L) and intermediate 5 (10 umol/L) at excitation wave-
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Figure 2 UV-Vis absorption (a) and fluorescence intensity (b) spectra of probe 6 (1 0 pmol/L) in the absence and prescence of Cu®>*
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Figure 5 Detection limit of probe 6 for Cu®"
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Figure 7 UV-Vis (a) and fluorescence spectrum (b) of the in-
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ferent concentrations in Hela cells
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e SE ], 2-nbre FERES AR A ZE R, Wit T —
T ml PR 04 B8 7 HOE LA IR BT, AR T MR
B Cu*', AAZHANE RS T, BA RSN R
PE. HUEIRT R R, iZ3REHE Cu? ALK R AT AR s e
eI AL I HAZIRE T TS g cut T i)
PN RUAG, E AW AN BRI W T LA AR B 8L A
{H.

3 EES
3.1 UES5HF

Bruker AV-300 BUAZHEILARA(FEE Bruker A H]);
AmaZon SL 3 AH €0 3% — B i 6 FH A (78 [E] Bruker 2 #]);
Q Exactive Plus /=73 # 15X (3 E Thermo A #]); X-6
RS OE m (P ERS REA F, IR TR IE); WFH-
204B BUFHEELAMT (h B E B A F); UV-2600 244540
A WA G EETH(H AR By A w]); Cary Eclipse 61
10 (ZEE Agilent 23 7).

6- A IE-2- 25 (AR) 2-MEME FRR(AR), iR Hr
TIRAERAT; IETHACHRAR, 1.6 mol/L). /N H
FEMEME = 2 (HMPA) N,N-— 5 75 3£ — W F#(DIC, AR).
4-— FE FENEIE(DMAP, AR), bt i R A AR A
Al AN OE. AN A e SRR o [
M Hral, REt—D b E.

3.2 IREt 6 WIERTE
321 6-=F A HAK-2-FEE(3)89 A K

4~ H i B DY SRk PR (THF) (2. mmol/L, 8 mL)
DI TFHRAZRA HMPACRARLEL 1@ DA
(10 mL). fERSRYTF, IKERIBAEIZM4 R 10 mL
ff) n-BuLi (1.6 mol/L ] kiAW, 16.0 mmol). 15 min 5
TN 6-F4EIE-2 Z55(372 mg, 2.0 mmol)f¥) THF ¥&K.
REPERBHE 14 h, RMEH)E, BIAAT PBS H,
AR, FHUZH MgSO, T4, iJE, 7Z&RRE,
RV ENT S [ VA ThE) @ (R B8 =10 @ 1115
320 mg @ E A 3 P23 60%. mp. 111~113 C; 'H
NMR (300 MHz, CDCl;) d: 10.01 (s, 1H), 8.14 (s, 1H),
7.84 (s, 1H), 7.81 (s, 1H), 7.66 (d, J=8.7 Hz, 1H), 7.18
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(d, J=9.0 Hz, 1H), 6.88 (s, 1H), 3.12 (s, 6H); *C NMR
(75 MHz, CDCly) d: 191.90, 150.75, 138.77, 13491,
130.84, 126.91, 125.15, 123.60, 116.33, 105.53, 40.46; MS
(ESI) m/z: 200.12 [M+H]".

322 2-[6-(NN-=F e &K) & K )-7-F K -4H- K 5ok
"H(5)89 & A&

4 2--1-(2,4- IR IL) 2 (47 mg, 0.25 mmol)
55250 3 (74 mg, 0.375 mmol) A 30 mL JE/K 2 A,
EBERE T S8 ) NaOH B (w=10%) 10 mL, =i
TNIRRL 24 h, JRFTEEE, B ERER (w=10%) 1 77
pH=7, k&4 4 h, WOELLIE, H=M& CREELS R
77 mg AR 5, 7% 93%. mp. 266~268 C; 'H
NMR (300 MHz, DMSO-dj) 6: 11.20 (s, 1H), 8.25 (s, 1H),
7.96 (d, J=8.7 Hz, 1H), 7.81 (d, J=9.3 Hz, 1H), 7.72 (d,
J=8.7 Hz, 1H), 7.63 (d, J=8.4 Hz, 1H), 7.25 (d, J=9.0
Hz, 1H), 6.94 (s, 1H), 6.87 (s, 1H), 6.86 (d, J=1.8 Hz,
1H), 6.73 (d, J=8.4 Hz, 1H), 3.05 (s, 6H); °C NMR (75
MHz, DMSO-ds) 6: 181.18, 167.57, 166.23, 149.54,
146.48, 135.25, 131.99, 129.68, 127.77, 126.53, 125.81,
125.67, 125.17, 116.49, 113.19, 112.95, 111.87, 105.17,
98.67, 40.07; MS (ESI") m/z: 330.1 [M—H] ; HRMS
(ESI) caled for C,;H;;NO;Na [M—|—Na]+ 354.11006,
found 354.10971.

323 WEDT 6 H9E K

B A4A 5 (0.066 g, 0.2 mmol)- 2-LiE HZ(0.030 g,
0.24 mmol). 4-— FZFEMLIE(0.007 g, 0.06 mmol)Fl 4
FE(20 mL)IIAZE] 50 mL BJELEMF, fEREE TN
DIC (0.030 g, 0.24 mmol), Ei /XM 24 h. M5, ik
JEAAE, TRV E B & ) -
BE)=100 : 1], FHTKZEEELES, 5 45 mg 2-[6-(—
B fla 3 ) 28 5 -2- 3 - 4- S AR -4 H- 25 5 b g - 7- 2 bk e R
Fi5(6), LR, P22 52%. m.p. 201~203 C; '"H NMR
(300 MHz, CDCL) d: 8.81 (d, J=4.8 Hz, 1H), 8.24 (d, J=
7.8 Hz, 1H), 8.09 (s, 1H), 7.91~7.85 (m, 2H), 7.81 (d, J=
8.4 Hz, 1H), 7.69 (d, J=9.0 Hz, 1H), 7.59 (d, J/=8.7 Hz,
1H), 7.55~7.50 (m, 1H), 7.30 (d, J=1.8 Hz, 1H), 7.09~
7.04 (m, 2H), 6.97 (s, 1H), 6.80 (s, 1H), 3.02 (s, 6H); "*C
NMR (75 MHz, CDCl,) d: 183.14, 166.38, 163.25, 157.25,
150.41, 146.97, 146.71, 137.49, 135.98, 133.04, 130.18,
128.48, 127.94, 126.87, 126.26, 125.59, 120.29, 117.56,
116.39, 115.29, 107.12, 40.69; MS (ESI) m/z: 437.06 [M+
H]". Anal. caled for Co7HyN,O4: C 74.30, H 4.62, N 6.42;
found C 74.54, H 4.49, N 6.67.

3.3 IFEHSF 6 B e
] — R FIE B, NG EARER 6 % 4 (DMSO
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TAR, 10 mmol/L)FN— & R AR 1) 43 J& B8 il 2 IO ZE K
R, 10 mmol/L), H pH=7.4 [f) I/ Tris-HCl (V © V=
2 D)MW, ZRFESr 4 10 A1 20 pmol/L, ##
S1JETHCE 15 min, B S mL Ff A E T b A JEth
BILEEN 1 cm), IC3EAM-AT IR S e e o
W BB 16=452 nm ABCRBEK, Bk
FEl N 550~850 nm, $K4% %55 N 5 nm.
3.4 pEEMENIRK

SR FH P (MIT T2 U0 S 0 0 240 A7 35 2R 1 5
mi. B E A K A Hela 4, %405 5 X 10°
AN /mL A E) 96 FLAR H, Bl f5 7E 55 FRAR R IAAS [ 2
&Y, BNKRIE 4N AL, T8 CO MR 5%1)
fHEA T 37 CH9% 48 h. RJa, &FLIIA 50 uL
MTT ¥%#(1 mg/mL), 4405 4 h. B BIEWUE,
A 100 uL ¥ DMSO, TE=iR T a4 r=4) 15 min.
B ARG B LE 570 nm IROERE. HALINHIZE =(4
—A pa)(A wm—A 26) X 100% T B[R B I HNH] 2,
SEIGE A IR, BCFIME.
3.5 ZEBERRIE

HUEEHEIA N B 30 (Hela) 41, 7EAIA 100 U/mL 7
%z, 100 mg/mL B R AR HON 10% 0184 55
(1] DMEM }5 7%, 1E CO, MR 40 5% 1 iR A T
37 CH:FR. B4HMILL 1X10° AN/mL 1% B Befh e Az
930 mm BEERIGFRIL A, R A BOLIL R AR s
(CLSM)#EAT if%. 1 564 Hela 40 fL F 10 pmol/L FFR %
6 7£ 37 C'Ni¥E 30 min, FH PBS ¥E¥k 3 Ik, A58
it CLSM Bifg 4. SR 54 5 CuSO, (50 pmol/L)
7£37 C I E 30 min, JFH PBS ¥k 3 X, Rl
CLSM R FF 4R I8, ORI 488 nm.

44 Bh#4 8} (Supporting Information) 1 [E] {4 & H #rfb
AW "H NMR Al C NMR B LR AL & 10 B R R
BT 6 0 BT PR B R) o S [ 2. G AR AT DL A B A
F1J kA 33t (http://sioc-journal.cn/) I N %K.
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