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Abstract A new macrocyclic norbornene-based bis-triazole (1) containing anthracene fluorophore and its acyclic analog 2
have been designed and synthesized by “click reaction”, and their fluorescence recognition abilities towards various metal ions
have been investigated. In CH3;CN-H,O (V' © =90 : 10) solution, cyclic receptor 1 shows excusive turn-off fluorescent sens-
ing of Zn>". However, acyclic receptor 2 exhibits fluorescence changes towards Zn>*, Hg*™ and Cu®". Upon addition Zn*", the
fluorescence of 2 give a large enhancement, while the addition of Hg*" and Cu®" leads a fluorescence quenching effect. In
addition, the binding mechanisms between receptors and metal ions have been discussed via '"H NMR titration and density
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functional theory (DFT) calculation technique.
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HERLEDD 1R 2 (1946 8 Scheme 1. DA B UK
Pl — BRI AT AR JFURE, B S AR SOk g iR P
BB UK I SUSRAL S 3. 9,10- LR HIEEE LG 4
K O-BRHRBEAEY 5. AU =i &) 2 LAY
[ “ 5 I B 4L 7] CuSO4/NaVe fEALTE NN-—Hi 3
It e (DMIF)I& 7 R A B, TR X = A2 44 1 DL 1,8~
TR IR[5.4.0] T —Hk-7-)(DBU)/Cul AL RITE F
FEHH K A E R0 i, R 3Rz k7 1
IS 39%, AR 24451 2 IR 80%, 53¢
BRIGEE AN — 2 RN FOE R, FERZAEk 2 7EKHR
SAENER G, W CH,Cl, CHCl, CH;CN, EtOAc,
MeOH, DMF J — H & H(DMSO)H # A 1R 4T 17 fif
PE, T SZARAAE SRR %555 DMF J DMSO H 4 7 if
M e, B EEHEE T '"H NMR, PC NMR,
ESI-TOF-MS J It HridiAT 7 3RAE.
1.2 FHBFHIRANIEHAR

eIl OISR AL T AT 1 5 2 A 4
BB THIARMIAE S, 4£ CH;CN-H,O (V@ V=90 : 10)i&
W, LA 360 nm BRI, RS 15 2 AR
TR F BRI AR R S0, Hod 1 R ST T 400,
423 1 449 nm, 11324551 2 IR SHER T-T 394, 416
1439 nm. AR T 18 2 KRGS AT G T 1
[N 7 R R - -5 7 51 et N B o N i O 4 O R E R S G

TMAEZ A 2 TR g —AS = FR 6 — AN BUER (I BT 2%
ML IR 4R F(Na®, Mg>', Ba>", Hg*", Cu™’,
Cr', Zn®", Fe’", Ni*", Co*", Cd*", Ag" ) T32/4 1 8 2 i,
PR SZ AT 140 He? G AR AT 15 e K oz, i
W2 sF 2 % Zn®', He'', Cu* " #IRILHEAF 172
SSmRN (K 1), Hrgin zZn® mHE AR S T 5 IR
FERE K, TN Hg® A Cu® I SR 6 K B JEFR
AR 2 ZEI A R S T B I T B VR DR R L S T AR R XL
JERYRY, TN [F) BSR4 s B IO A6

B2 N2 AR5 1 1IN A 24 He? i 9 e it
ALK, BE%E He RN, &1 T B RS FR
Bt S FE RTINS, 243N 250 equiv.f) Hg® i, H
J T o AR A IR B A, K — 1)/, K F
89%. N Hg® S8 1 %meBm T HRN T &85 1
He*' BB 6H] PET VKRR, [ — L ek 4R A
FEUH MR 9¢ 6 6 € BdE, HR4E Benesi-Hilde-
brand®' SRR MRS, AIEH 1 A Hg®' 4R &fb2it &
Ebh 101, RS 1-Hg” % & H BN 2.03X10°
Lemol ' (R=0.998), % Hg £l fR A 3.52X 10" mol/L
(R=0.989).

AL FERER T %4 2 haralin zn®, cu®' s
He® B9t dE T e (B 3), H—%g A28 T
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Figure 1 Fluorescence spectra of 1 (a) and 2 (b) upon addition
equiv. (20 equiv. for 1 and 5 equiv. for 2) of metal ions in
CH;CN-H,O (V' 2 ¥=90 : 10) solution

¢=2.0X10 "> mol/L, A,=360 nm. Inset: the bar graph of 1 at 423 nm or
2 at 415 nm upon addition of various metal ions
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Figure 2 Fluorescence spectra of 1 (2.0X 107> mol/L) upon

addition various amount of metal ions in CH;CN-H,O (V' : V=

90 : 10) solution
Inset: the bar graph of 1 at 423 nm upon addition various amount of mer-
cury metal ions
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7.17 ) 7.32 BMEIAEESI(IOAN 3 equiv. Hg?"), [A K4
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Figure 6 'H NMR spectrum of 2 upon addition of Hg(ClO,), in
CD;CN/CDCl; (V . V=8 . 2) solution
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eI IR ) RBUE AT R KUK ES. "H NMR % %€ M DFT 5
R 2RI T 524K T (R = IE3R_E 1R 3 A7 N1~ 2 ik
AEAFR O P35 T &ERAL. F DFT i5H £
WIERR 3244 2 B0 1 5 AR Hg® RSFILRE, SEdta s
UFRES TR A R . H AT BAR KR SCERIROE IR 32 14
I3 F T U I L S R NI 4 AL 5 A BR 32 AR T
2k oy Tk B 5 RAE R BIPY, A ST 45 1R
Ak ) 23 B R DR R 1 A K s . AR SCRIIE /¢
RN EE RS RS IR 2R B — 23S %
rA.

3 SLIEES
3.1 UES5HF

WA 3, 4 A1 S FSTRR TV A R, He il & 24
(A 4ty T [ 24 4R A0 5300 A |15 TG 7KV 3% STk
Tkl %, AR A A, 8 TR AR —
Hafifh.

Wi SLRAX (7 E Bruker /A7), Bruker Vance 400
MHz, TMS W AR). 24T WO (HITACHI U-3010 %Y
AN WL G EE T 2661 (Hitachi F-4600 Y52t
JHEAR). WEFTHEEE T Na', Mg®', Ba®', Hg”',
cu®’, Cr'', zn*t, Fe*', Ni*', Co*", Cd*, Ag ) s
AR,

3.2 ZWHE

32.1  (1'25%Z9'R,9°S,9°S)-1'H,5'H-7,11- = & -1,5
(1,4)-==»%-3(9,10)--9(2,3)- =3 [2.2.1] &) 3r =+
B9 1 (1) 849 A &

RS, ¥ 1.5 mL A 1,8- % —¥F[5.4.0]
+ — 8 -7-4% (DBU, 10 mmol) % 28.5 mg Cul (0.015
mmol) A F| 200 ml Fr7KH 2R, FEM R 2
70 C. [FIEALEH 3 (115 mg, 0.5 mmol)Fl 4 (144 mg,
0.5 mmol)& T~ 100 mL BR/K 2R, FFg2ME 2] ik
. N2 8 h, WINTERE S, RS2 h. Y8 AT
B Z A5, FREEYI A CH,CL/MeOH (V @ V=98 : 2)id ¥,
5% 102 mg (0.18 mmol) A& A 1, KZE 39%. m.p.
198~199 °C; "H NMR (400 MHz, DMSO-dj) J: 8.77 (s,
2H), 8.44 (s, 2H), 7.74 (s, 2H), 7.59 (s, 2H), 7.02 (s, 2H),
6.77 (q, J=15.4 Hz, 3H), 5.73 (s, 1H), 4.46 (d, J=13.8
Hz, 2H), 4.27 (s, 2H), 3.90 (d, J=13.3 Hz, 2H), 2.35 (s,
2H), 1.91 (s, 2H), 1.61 (s, 2H), 1.21 (s, 2H), 0.94 (s, 1H),
0.86 (s, 1H); *C NMR (101 MHz, DMSO-d;) d: 143.6,
134.5, 130.7, 130.17, 128.6, 127.6, 125.2, 124.8, 123.3,
67.1, 62.8, 45.7, 44.4, 40.5, 40.1, 39.9, 39.8, 39.5, 39.3~
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38.9 (m); ESI-MS m/z: 52025 (M+1)". Anal. calcd for
C3H30NgO,: C 71.79, H 5.83, N 16.20; found C 71.65, H
5.85,N 16.32.
322 (1R4S,5R)-5,6- = {{[1-(E-9-L F &)-1H-1,2,3-
Zek 4P AT A R[22 R IE-2-Hh(2) 89 &
%

RS, K 115 mg (0.5 mmol)fb &4 3. 280
mg (1.2 mmol)fL &4 5. 25 mg FL/AKBRIRHI. 20 mg i
IR ERENE T 10 mL DMF 1, R MRA R E T T RV 4
h. FERMER G, 15NN G ALK, i
U, WS, TR A & - TR AW
R L V=98 I 2)ikHE, JEZE, 53] 284 mg H [
2, P73 80%. m.p. 145~146 °C; 'H NMR (400 MHz,
CDCly) 6: 8.51 (s, 2H), 8.31 (d, J=8.8 Hz, 4H), 8.01 (d,
J=8.0 Hz, 4H), 7.59~7.56 (m, 4H), 7.50~7.46 (m, 4H),
7.10 (s, 2H), 6.51 (s, 4H), 5.73 (s, 2H), 5.30 (s, 2H),
4.25~4.18 (m, 4H), 4.25~4.18 (m, 4H), 3.03 (t, J=13.2
Hz, 2H), 2.81 (t, J=15.4 Hz, 2H), 2.66 (s, 2H), 2.18 (s,
4H), 1.61~1.58 (m, 1H), 1.27 (d, J=16.2 Hz, 1H); C
NMR (100 MHz, CDCly) d: 31.0, 41.2, 45.3, 46.3, 48.8,
53.5, 64.1, 70.5, 122.0, 123.0, 123.8, 125.4, 127.6, 129.4,
129.8, 129.8, 130.8, 131.4, 135.0, 145.3; ESI-MS m/z:
698.22 (M+1)". Anal. caled for C4sH4NgO»: C 77.56, H
5.79, N 12.06; found C 77.72, H 5.83, N 12.14.

3.3 EIRRKAKIEEESLE

AN TR 58 B2 A4S TR E N 2X 10 mol/
L ZIE-7K(V 2 V=90 : 10)¥&E, 488 Frflk 2X
10~ mol/L YA % Y6 6 1 5 I & K 360 nm. 31
BT R ] 1 A0 2 e n s SR 2R B B, Wlge
ARG T 5 PH B P45 B Ja A R e e AR .
3.4 "HNMR #EEMR

Bruker Vance 400 MHz # i 3:4R1, CD;CN ¥ H
&2 (2.0X10™* mol/L) | Fi§ 2R Iz om A
EAR I T, W2 T2 5 He ' 4 & 5 imik
A 1A
35 EFHELEWTE

KT 09 1) B3LYP/6-31G*(d,p) /71, 5 HAR
WA 1, 2 5B FEH GRS AL,

4 BhA %L (Supporting Information) L5411 f12 54
J& TR AMDEREE, 'TH NMR, C NMR J ESI-MS. 1%
L L AT B4 3% AT X 35 (http://sioc-journal.cn/) b R
.
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