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Abstract The design and synthesis of artificial receptors capable of binding and sensing anions have been widely explored in
the field of host-guest chemistry. Herein, a series of acyclic ferrocene-based imidazolium receptors 3a~3e were designed and
synthesized. All the receptors were prepared by reactions of 1-(ferrocenylmethylene)imidazole 1 with corresponding dibro-
mides in solvent under refluxing, followed by anion exchanges with NH,4PF¢. The structures of all the products were deter-
mined by IR, '"H NMR, *C NMR, MS and elemental analysis. The crystal structure 3e was confirmed by X-ray crystallog-
raphy, and it was clear that molecules were linked by C—H:*-*F hydrogen bonds interactions. The interaction between these
receptors and various anions was studied by electrochemical measurements and 'H NMR spectroscopy. The receptors 3a~3e
were proven to be highly selective and sensitive to F~. "H NMR titrations demonstrated that the receptors and anions form 1 :

1 complex, and the receptors displayed a strong (C—H)"++*X " in anion recognition. Receptor 3¢ was the most effective re-
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ceptor to bind with fluoride ion compared to the others.
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BRIE[ G NDRMESZ A b 52 ok HA RE K — Pk X
e, W B %I R R A R R T
WL FErR, BB T Sk R 2B A G, TRk
e 2 0 e O A8 o S, A A W L A7 ) O K B A %
5, HBEK/IMREE T %32 A0 B B 7 i B8 KL
ATTE I 0 5244 7 i FLAAS 5 AR A, DASEEIL BA
TR HIE

TERTIR LA b, FRATE BT — R VAL 78 2k K
MesZfk 3a~3e, %2852 Mo AL E & A BB IR BT
(PR P ) A% A iR o) 3 2 1 LA 225 5 B (R k).
B F B, @l ST 52HEE 5 SRR
HUR A3 AL R RS 5, T 58 32 AR AN [R] BH 5 11
SRANEE 1, R AL R € S I it — DR L2 A 4
IS5 FIRBIRE I R, G5 R IS SUZ T BE )
JRR DK A B2 R T 9 28 - B A AR G (R R 1R
1 ERSHE
AR BRI EYHR
HArtb &4 3a~3e A EEZ U Scheme 1 TR,
TE 7k R R e 1 2y J5URHS AN [R] 1 — IR ot s A= ol
PIBUZ R R YR L 2 i fEH, G193 1,30 Kk
BRI AL 4. I FE R R R R RT R R R
£ 2 FEMAENR FAAER MR, SRR A IRRE)
B TR, KBRS B E Y 2 i R ik
WA R T ) A 2 B R A T BT R R e T Rk TR R R
T 5, ZIERTIRE S SEE 1 RNIE R =) 4. 7

1.1

I IR 5 7 4% 1] Ak HR R IR e 5 AR ot 1) B 451
201, HAERRE R g R, Tk e il =)
1.2 B8R g HE

IR 2a~2e FI/STBERR R 3a~3e 17 'TH NMR
Al BC NMR StECRBL: 2038 %2440 T IR B T I A5
Mg 2 NMR 71 H Hil C B 22007, SRR ik S A0 5
RIFETE 5 8.98~9.14, BRI FAAIFEAE 6 135~136, HAL
185 SCHERIRE AR ER 2R R X 3a~3e TEIRA
T2 R BEAT X B, AT AR B0 5 19 i s T ) B K
TR BMEN B W KA FE B, 3a TEIREM =L T
WL FAE 6 8.98, 1M 3e WAL 6 9.14, XK IBEMI1E
KAE 13 2R )5 R A B P 7E —ESI full MS $1 55
TR T BE TR I B4 A 3a~3e 1) 145 PFy &
Tk, KR LU AL A 2a~2e 7E I\ NH,PF, J5 &
LHA NI W) 3a~3e. [AINT 3a~3e HILTE 830~840
em ' e AT 58 HLASBE AT AN IS G T E— B BGE MS 1

)7

1.3 ZE5F 3e MRKLEHEA

B BUES R T 3e BRI X
ST AT T (B 1), 1ZAL AP CaqHaoF o
Fe,N,P, (M,: 906.34) ] CCDC N 1033711, J& T =4
&, P2)/c ZEIAEE, WMESE: ¢=0.97955(6) nm, b=
1.01846(6) nm, ¢=1.06947(7) nm, V=0. 89587(10) nm’,
D.=1.680 gecm °, Z=1, F(000)=462, £=0.8233 nm .
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Figure 1 The crystal structure of receptor 3e
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Figure 2 Hydrogen bonds between adjacent molecules of 3e
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SE HOPRME. [RIE, B A 0 th 28 2 AN [ A AR PR B 8 1
(1 AcO FIHSOy )22 — & M2, Bl XU R ) ik
H AV R 3G N, 20 = IR S5 MBS F(AcO )
P 82 BE 0 BRARR, S T oxd DY T Ak &85 44) f49 B #25 7 (HS O )
Wi N2 E ST 3G 0, T KA ARBRIE S5 M B & 7 (Br A1 1)
e 2B 2 8, SRTIAR FE I AN K, X T Re R i TR
RN T B AL T2, T KRR B B 7 &
AR, AT AcO™ BT HaBh, i KEEr
AR I i i (14 TR 1 5 AT HE DRI X AcO ™ AT 45 4
i EpiR, SZARrP ARG K S BRARHN FR ik EER
g, R PR, Sk 3¢ AR BN G T s R
W H AL A 2 A

R 2K 3a~3e XA R T IRAIK DPV IR 2 (mV)
Hidls

Table 1 AE,” values associated with the complexing processes

between the free receptors and the appropriate anion”

Receptor R® ReF? ReCl” ReBr~ Rel” ReAcO ReH,SO;

3a 660 —172 —20 —7 —8 —56 —40
3b 656 —178 —15 —7 —13 —36 —44
3c 656 —170 —11—12 —12 —32 —65
3d 658 —152 —5—14 —16 —23 —70
3e 662 —132 —5—18 —16 —21 —82

¢ AEp=Ecomplex— Ereceptor. In millivolt, obtained from the DPV experiments
carried out in CH;CN; * anodic shifts upon 8 equiv. anion added in the form of
the tetrabutylammonium salt; © £, values corresponding to the free receptors.

1.5 'HNMR EEMR

ZAKSYF 3a~3e WAFEEAHEFF, ClI, Br,
I, AcO™ Fl HSOy )12 FN 773 ik % hd i e S 56 13047 2%
%2, (L DMSO-dg i, AN R B 2S5 1 ) 5| gk
FIRREAESWE, XM TZASHE TR T A
[F5RE(C—H) X S B RAEH, T ReX A
Y, sem T ISR AL, LA 3¢ v, Lk
THIREA AR (H)A 6 9.13, BRMEIR K AN EdL
SRR (Hy AT H) BN 6 7.77 107,72, BUR Cp BRI
FhEMN AL (Ha F1 He) 73 1A § 4.44 F14.26, RHUAK Cp
A M) ER— AN, NN §4.24, HIINED)
FRHIEM) FJa Hyom i kafesh 2 6 9.78, HAms & Ao
9 0.65. Hy f H B —ANEUE S 5 7.76, BT
AkELig N, H, 55728958 F HIgmARAR /N, [FhS, Hqf H,
{55 WBEE S TN L, 766 163 BT —
ANHE, B =E I, X% TR B A BRI s ft,
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K2 K 3a~3e XAIFIR B T4 AR AL
Table 2 Association constants (K,) for 1 : 1 complexes of re-
ceptors 3a~3e with anions in DMSO-dj at 298 K

K,/(moleL ™"

s b

Anion” 3b 3¢ 3d 3e
F 1.42X10° 1.48X10° 1.63 X 10° 1.30X 10° 1.07 X 10°
cl 2.82X10* 3.49%X10* 2.10x 10* 2.84 X 10* 2.58 X 10*
Br~ 1.51X10° 1.74 X 10° 1.50X 10* 1.56 X 10° 1.36 X 10°
. 2.83%X10% 3.10X 107 3.90 X 10> 3.90 X 10* 4.70 X 10?

AcO™  6.84X10° 7.47X10° 3.68X10° 3.78 X 10* 2.23 X 10°
HSO; 7.74X10% 7.83X10% 7.92X10% 1.78 X 10* 1.93 X 10°

“ Errors are estimated to be <15%:; * the tetrabutylammonium salts are em-
ployed as the source of anions.

BLE, FIAE DPV il 2k ] DUA B A AL 2k HAGH
R —ANHT R AL, SKIGRIISZAR 3a~3e X F H
FAREF I AL IR PRI, 76 'H NMR i 58 S8,
F T AN BEAE R b ik AR 98, W ARAR D, JF Ho
Wz, FNAE 6 163 T 7 — A HE =&
I, RW] F 5 3 ARmK I b 35 I S0 s LR AT
SEAE I IZ A A R T AR E A S R A
AT T SRS ) O Bl S T R, R F X%
HAA B AW —E A, B UEN] 2k
THIE TR AR E AR, B8 TR, A
XURZITHE [R5 Bk K e 52 1A o Te) B A R I, 32 4% B
(R BE T S 5 58, I SRR ) 52 1 th 20 3
EA BT T REAT W, TR FRk e
P, IR 3e /& — A EAR I S 1 FAL A A R 7

3 LIRS
31 KIS

S WRS-1B 45 miAX, iR ERZERLIE; Bruker
AVANCE 111 400M # 1 3:4%1% (400 MHz, TMS NN #F);
Thermo-Finngan-LCQ JH1&4¥; Spectrum 2000 {& 37 H-4F
LT AN (KBr JE F); Elementar Vario MICRO JG %
43 H14%; MERCURY CCD/AFC fi7%{X; CHI620C i1k 2%
TAES,. Rk A k4 R OSCRR[15] 7 ki 4. e
WA AT e, Al RTE JE KRB,

32 ZWHE
321 L1U-(12-T =)= (1-= %4 F & )skek < &
BB 2 (32) 89 & A%,

BAMRYF, 7€ 250 mL = BRI ek H
FEBKME 1 (530 mg, 2.0 mmol) T 100 mL )% THF i,
O 1,2- 798 2558180 mg, 1.0 mmol)J& 5 E iR +E 0.5
h, FRINAAEIA 24 h, 19 EIFRIB Y. KRG T H
FEVET R, I\ NH4PFg (410 mg, 2.5 mmol))5 & if 4k 45
W 24 h, TR, FH CH,CLVARR, /Kik, HIEKHR
FRAN TR, BRI E AT JE TS 21 686 mg 15 (5 A {4 3a,
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FEE 82%. mp. 189~191 ‘C; 'H NMR (400 MHz,
DMSO-ds) : 8.98 (s, 2H, NCHN), 7.76 (s, 2H, NCH),
7.58 (s, 2H, NCH), 5.12 (s, 4H, CH,), 4.63 (s, 4H, CH,),
4.40 (s, 4H, Cp-H), 4.27 (s, 4H, Cp-H), 4.25 (s, 10H,
Cp-H); *C NMR (100 MHz, DMSO-dg) 6: 136.35 (imi-C),
123.09 (NCH-C), 122.90 (NCH-C), 80.87 (Cp-C), 69.48
(Cp-C), 69.47 (Cp-C), 69.25 (Cp-C), 49.06 (CH,-C), 48.78
(CH,-C); IR (KBr) v: 3157, 3108, 1563, 1450, 1332, 1149,
837, 557 cm™'; MS-ESI m/z: 704.84 [M— PF; ]". Anal.
caled for C;HsF,Fe,NyPy: C 4238, H 3.79, N 6.59;
found C 42.65, H 3.69, N 6.66.
322 L1-(1,3- =)= (1- = %4 7 2)Kek o5 A&
B ER 2 (3b) 89 Ak

HHOTIER 3a, FEOFEK, 7% 80%. mp. 185~
186 ‘C; 'H NMR (400 MHz, DMSO-d;) 6: 9.09 (s, 2H,
NCHN), 7.73 (d, J=1.8, 2H, NCH), 7.69 (d, J=1.8, 2H,
NCH), 5.16 (s, 4H, CH,), 4.45 (s, 4H, Cp-H), 4.27 (s, 4H,
Cp-H), 4.26 (s, 10H, Cp-H), 4.19 (t, J=7.2 Hz, 4H, CH,),
235 (t, J=7.2 Hz, 2H, CH,); “C NMR (100 MHz,
DMSO-dg) 6: 135.98 (imi-C), 122.79 (NCH-C), 81.09
(Cp-C), 69.53 (Cp-C), 69.44 (Cp-C), 69.23 (Cp-C), 48.93
(CH,-C), 46.53 (CH,-C), 29.79 (CH,-C); IR (KBr) v: 3163,
3113, 1564, 1450, 1335, 1151, 841, 559 cm '; MS-ESI
m/z: 718.96 [M— PFs ]+. Anal. caled for C;HjsF Fer-
N,P,: C 43.08, H 3.97, N 6.48; found C 43.25, H 4.18, N
6.64.
323 LI-(14-T = &)= (1-= %8 7 £ )Rk < &
BEER 3 (3¢) 89 4 A%,

HHOTIER 3a, FOFEAK, 7% 80%. mp. 134~
135 °C; 'H NMR (400 MHz, DMSO-d;) 6: 9.14 (s, 2H,
NCHN), 7.76 (d, J=1.7 Hz, 2H, NCH), 7.71 (d, J=1.7
Hz, 2H, NCH), 5.15 (s, 4H, CH,), 4.44 (s, 4H, Cp-H), 4.26
(s, 4H, Cp-H), 4.24 (s, 10H, Cp-H), 4.20 (t, J=7.2 Hz, 4H,
CH,), 1.74 (t, J=7.2 Hz, 4H, CH,); *C NMR (100 MHz,
DMSO-d) 6: 135.88 (imi-C), 122.82 (NCH-C), 81.31
(Cp-C), 69.43 (Cp-C), 69.39 (Cp-C), 69.21 (Cp-C), 55.37
(CH,-C), 48.73 (CH,-C), 48.59 (CH,-C), 26.64 (CH,-C);
IR (KBr) v: 3169, 3105, 1564, 1446, 1155, 839, 557 cm ™ ';
MS-ESI m/z: 732.98 [M— PE; ]+. Anal. calcd for C;,Hj4-
F1.Fe;N,P,: C 43.76, H 4.13, N 6.38; found C 43.53, H
4.32,N 6.54.
324 L1U-(1,5- % =) =(1- =% F A )Rek 5 &
B85 2 (3d) 89 A%,

G ITEE 3a, EAFEE, 7% 78%. mp. 79~
81 ‘C; 'H NMR (400 MHz, DMSO-dy) o: 9.12 (s, 2H,
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NCHN), 7.76 (d, J=1.7 Hz, 2H, NCH), 7.76 (d, J=1.7
Hz, 2H, NCH), 5.16 (s, 4H, CH,), 4.44 (t, J=1.8 Hz, 4H,
Cp-H), 4.26 (t, J=1.8 Hz, 4H, Cp-H), 4.24 (s, 10H, Cp-H),
4.15 (t, J=7.6 Hz, 4H, CH,), 1.79 (tt, J=9.6, 7.6 Hz, 4H,
CH,), 1.19 (tt, J=9.6, 7.6 Hz, 2H, CH,); >C NMR (100
MHz, DMSO-d¢) d: 135.79 (imi-C), 122.85 (NCH-C),
122.75 (NHC-C), 81.36 (Cp-C), 69.41 (Cp-C), 69.40
(Cp-C), 69.21 (Cp-C), 55.37 (CH,-C), 48.93 (CH,-C),
29.12 (CH,-C), 22.63 (CH,-C); IR (KBr) v: 3162, 3103,
1564, 1467, 1151, 839, 557 cm '; MS-ESI m/z: 747.00
[M— PEs ]+. Anal. caled for Cs3HisgFoFeoNyPy: C 44.42,
H 4.29, N 6.28; found C 44.21, H 4.32, N 6.50.
325 1,1'-(1,6-T =3 )= (1-= %4 F &£)skek < A
B BR 2k (3e) 89 A Ak

GO 3a, BEEAREE, PFE 78%. mp. 76~
78 ‘C; 'H NMR (400 MHz, DMSO-ds) d: 9.13 (s, 2H,
NCHN), 7.77 (d, J=1.7 Hz, 2H, NCH), 7.72 (d, J=1.7
Hz, 2H, NCH), 5.16 (s, 4H, CH,), 4.44 (t, J=1.8 Hz, 4H,
Cp-H), 4.26 (t, J=1.8 Hz, 4H, Cp-H), 4.24 (m, 10H,
Cp-H), 4.10 (t, J=7.2 Hz, 4H, CH,), 1.75 (t, J=7.2 Hz,
4H, CH,), 1.20~1.35 (m, 4H, CH,); >*C NMR (100 MHz,
DMSO-dg) d: 135.79 (imi-C), 122.85 (NCH-C), 122.75
(NHC-C), 81.36 (Cp-C), 69.41 (Cp-C), 69.40 (Cp-C),
69.21 (Cp-C), 55.37 (CH,-C), 48.93 (CH,-C), 29.12
(CH,-C), 22.63 (CH,-C); IR (KBr) v: 3151, 2943, 1560,
1454, 1162, 1105, 842, 557 cm '; MS-ESI m/z: 761.02
[M— PF; ]". Anal. calcd for Cy4HyoF ,Fe;N,Py: C 45.06,
H 4.45,N 6.18; found C 45.29, H 4.63, N 6.26.
3.2.6 L& 3e a9 b iREEM M 2

WA BB SIS 2 A 3e L,
HRHLATE (1) i 4 F] MERCURY CCD/AFC fiT 5% 100(2)
K FTHASRAZEAEMLT Mo Ko $2(1=0.071073
nm)PERTHGIE, P o B4 7 SCERATH A, R 1>
20(0) ML AT RO T AR I 45 R . SR A
SHELXL-97 ##5 H BB HAEE R 1A bR, 2R
BN FERT SR TR S L IR R
FTEIENS,
3.2.7 AL H 2R

CHI620C HifL~2 TARuG, Johg TAR M, $H9xf
e, Ag/AgCI(MIAT KCI) NS Lo, LMl
244 3a~3e (1072 moleL™ YAz )R n-Bu,PFg (0.1
moleL )EFAHEH K 100 mVes™ {454 T FI FH 2R N
R B B 1A R AAS [R) 420 o 1) 830 N 2 AR gk AT FELAL 2
I 5 - AR 5.
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3.2.8 'HNMR & &M%,

Bruker AVANCE 111 400M # i 3 4R1%, DMSO-ds ¥
W, E52 44 3a~3e (5X 10 * molsL™ ") A ] £
TIMEIZE I T 5 SR A B 1, MR 24k
H5E 4G RiEREN AR .

¥ Bh#4 Bl(Supporting Information) =1£4rF 3a~3e
1) NMR 3%, 24k 3¢ £ DMSO-ds HIIAAFIBA &1
[f) '"H NMR HERIE, 2465 T 3e (A SHL X bkl
A] A4 B AT W 38 (http://sioc-journal.cn/) | F %,
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