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Synthesis of Molecular Tweezers Derived from Chenodeoxycholic
Acid through Click Reaction and Their Recogniton Properties

Zhao, Zhigang* Shi, Zhichuan Cheng, Yuyu
(College of Chemistry and Environmental Protection Engineering, Southwest University for Nationalities, Chengdu 610041)

Wang, Xiaohong

Abstract Twelve novel chenodeoxycholic acid-based molecular tweezer metal receptors containing 1,2,3-triazole moieties
have been designed and synthesized using click chemistry method. The target compounds were characterized by 'H NMR, IR,
MS spectra and elemental analysis. Their binding properties were examined by UV-Vis spectra titration. The results indicate

that these molecular tweezers showed high selectivity and affinity for Hg*" ion.
Keywords cation recognition; molecular tweezer; click chemistry; 1,2,3-triazole; chenodeoxycholic acid
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Scheme 1
1 L8 1.2 wHiEk 2~4 ERERIE
1.1 NE5RF 3o, 70- —F2HE-54-24-IHLE IR R &R 15 2.0 g

M 3E4R 1 Varian INOVA400 MHz, Me,Si /EN
%, CDCl;, CDCL;CD;0D VA BN T, L0 AMEIREAL:
{8 L AR M 27 AP 6% PERKINEL-MER1700 %Y, KBr
JE T BT FINNIGAN-LCQPEA #4: 55 & 4 Hr
Carlo-Erba-1106 %Y; JEHAL: Wzz-2B HBIBEEAL; #4555
0 X-4 TOHCT BoR BAUE e A, TR AL IE;
AT WIETEA: Jb RS AT TU-1901 24,

BRI o Ak e gl s o b4l ikl Hy ki
GF,sq: T ST A2r=; Jo/K NN- - H R HEZ
(DMF): Jiil CaH, 14§ 48 h Ji, SR8 2648 ;. oKk
WE: Ji KOH 1§ 24 h i, ZEMIEE 114~116 Tl
K525 R Acros Organics A F)HEIT; XHEFEAR 2k
Sigma /A A7, W HIEIK 2k Aladdin A& 477, X
LI 2Bk Adamas-beta Reagent A & 4:7%; 2-(2- A4k
IR HE . 2-(2-TNHRAFE)-1-Z5 % J&K Chemical
AR KO, 4-LHEK O, 4-FER TR 24
PRI LBy SR L WK LB, 3-F A L
AR e 2R AT B ) AR
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(5.0 mmol)#S L4 HER 1 I 100 mL BB, KK
BTN 60 mL Jo/K FFEERT 0.2 g (1.16 mmol)X H KA R,
SR NHFE Y 24 h JREZEE TR, RV 40 mL
LR LR, AR5 10%B5 R B (10 mL X 3) ULk,
A /K (10 mL X 3)¥Eik, To/KMIREN 15, o
V. R L LR ARG, KRN A B Ak 1 e A
ke H, el VIR @ VRED) @ V&) =2:20:
70], HAEGREA 1.92 g 7% 95%. mp. 85~86 C;
[@]y +18.9 (¢ 0.34, CH,Cl); 'H NMR (400 MHz,
CDCLy) ¢6: 3.85 (s, 1H, 7-H), 3.66 (s, 3H, COOCHj,),
3.50~3.42 (m, 1H, 34-H), 0.93 (s, 3H, 19-CH,), 0.91 (d,
J=6.4 Hz, 3H, 21-CHj3), 0.66 (s, 3H, 18-CH3); IR (KBr) v:
3350, 2985, 2910, 1745, 1183 cm ™ '; ESI-MS m/z (%): 405
[(M—H)", 100].

3a,7a- 5 LR AR FE-58-24- IH B2 12 T G (3) 1) 45 B
¥ 0.81 g (2.0 mml) 3a,a- - F2HE-54-24-JH K¢ IR FF G (2) %
T 40 mL Jo/K CHCL ', A 0.64 mL (8.0 mml)ff]
CICH,COCI, Z i Hii 1 T nnkhe 1 CHCl; % #5(0.30
mL/3.70 mmol % T~ 10 mL /K CHCLy), Wmse s, F
WA 60 ClHYE 48 h. AF LN G, Bk EZ R0
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CHCI; Al & CICH,COCI, 3L ik, i o
1R SRR, R R S 89(30 mL X 3), 1A
#hK(3B0 mLX )Pk, ToKBRBREN T, SRR Z T
[ E AR H, Wi MR OER) @ Vi) =
1251 AERE A 1.00 g, 75% 90%. m.p. 120~122 C;
[a]¥ —71.8 (¢ 0.19, CH,CL); '"H NMR (CDCl;, 400
MHz) d: 5.00 (s, 1H, 7p-H), 4.66~4.70 (m, 1H, 34-H),
3.99~4.08 (m, 4H, CH,Cl), 3.67 (s, 3H, COOCHj), 0.95
(s, 3H, 19-CH3), 0.92 (d, J=6.4 Hz, 3H, 21-CH,), 0.65 (s,
3H, 18-CHs); IR (KBr) v: 2946, 2872, 1752, 1735, 1438,
1420, 1304, 1247, 1191, 1134, 1059, 985, 970 cm ';
ESI-MS m/z (%): 581 [(M+Na)", 100]. Anal. calcd for
CaoH4sC1pOg: C 62.25, H 7.93; found C 62.18, H 7.95.

3a,70- B R LW R F -58-24- HH L R IS (4) 110 &
B K 0.86 g (1.54 mmol) 3a,7a- 50 L B4 HE-55-24-1H
Ye iR I E(3)% T 20 mL DMF 1, Il 0.6 g (9.24 mmol)
BREAAN. 60 CEHAEF RN 12 h. 51 RNZ G, A
40 mL /KHFFE NI, T 282 28530 mL X 3)AHL, &
FHATHUA, M AR R AL - e 1 Ik, 6
KR IR . AT ST G [ e AR H, DRI A
V(LTR LTE) © VCAlf) =1 5] A4k 0.84 g, 7=
# 95%. m.p. 81~83 C; [a]® —108.3 (¢ 0.11, CH,Cl,);
'H NMR (CDCls, 400 MHz) &: 5.04 (s, 1H, 74-H), 4.70~
475 (m, 1H, 3-H), 3.79~3.92 (m, 4H, CH,N;), 3.66 (s,
3H, COOCHj), 0.96 (s, 3H, 19-CH3), 0.92 (d, J=6.4 Hz,
3H, 21-CHj), 0.66 (s, 3H, 18-CHs); IR (KBr) v: 2945,
2867, 2110, 1742, 1376, 1349, 1291, 1249, 1200, 1165,
1140, 984 cm ™ '; ESI-MS m/z (%): 595 [(M+Na)*, 100].
Anal. caled for CpoHysNgOg: C 60.82, H 7.74, N 14.67;
found C 60.74, H 7.75, N 14.65.

1.3 HSFi 5a~5l ISR ERIE

76 50 mL T M E LRI 0.3 g (0.52 mmol)
3o, 7a- B 5 L L -56-24- IH 12 1 G (4), 15 mL
+-BuOH, i JsURHAMESE )G, AN SRR 28 1.14
mmol, 40 mol% —Z.Ji%, 10 mol% Cul, W&, 7 50
CRMN. 10~30 h (TLC Ml S FR), RIVAS IS, W
JRZEHZ R +BuOH, 33 A Gk, Ry H D&
LR CTEs . ZNEIAE AT [ [ AR R H, Beli
H: MGIR CIR) - V(A EE) =3 2 10~2 : 11732 H bx
Y.

Iy At Sar AR, 773 93%. mp. 97~99 C;
[a]® +242.3 (¢ 0.20, CH,CL); 'H NMR (400 MHz,
CDCly) 0: 8.19 (s, 1H, triazole-H), 7.86 (s, 1H, triazole-H),
7.81~7.84 (m, 4H, ArH), 7.42~7.46 (m, 2H, ArH),
7.34~7.38 (m, 3H, ArH), 7.28~7.31 (m, 1H, ArH),
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525~541 (m, 2H, OCOCH,), 5.04~5.12 (m, 2H,
OCOCH,), 4.92 (s, 1H, 78-H), 4.61~4.65 (m, 1H, 34-H),
3.68 (s, 3H, COOCH,), 0.89 (s, 3H, 19-CH3), 0.84 (d, J=
6.4 Hz, 3H, 21-CH;), 0.59 (s, 3H, 18-CH3); IR (KBr) v:
2943, 2869, 1738, 1466, 1440, 1364, 1276, 1221, 1046,
976, 765, 695 cm '; ESI-MS m/z (%): 777 [(M+H)",
100]. Anal. calcd for C45Hs¢NgOs: C 69.56, H 7.26, N
10.82; found C 69.52, H 7.24, N 10.78.

SrFH Sbr FIAE A, 774 88%. m.p. 96~98 C;
[@]d —42.9 (c 0.18, CH,ClL); 'H NMR (400 MHz,
CDClL,) 0: 8.16 (s, 1H, triazole-H), 7.80 (s, 1H, triazole-H),
7.72~7.76 (m, 4H, ArH), 7.26~7.28 (m, 2H, ArH), 7.18
(d, J=8 Hz, 2H, ArH), 5.23~5.39 (m, 2H, OCOCH,),
5.02~5.13 (m, 2H, OCOCH,), 4.91 (s, 1H, 7p-H), 4.60~
4.66 (m, 1H, 34-H), 3.68 (s, 3H, COOCHs), 2.60 (brs, 4H,
ArNH, X 2), 0.88 (s, 3H, 19-CH3), 0.82 (d, J=6.4 Hz, 3H,
21-CHj), 0.58 (s, 3H, 18-CH;); IR (KBr) v: 2942, 2871,
1741, 1507, 1459, 1363, 1275, 1227, 1139, 1045, 977, 831,
790 cm™'; ESI-MS m/z (%): 807 [(M+H)", 100]. Anal.
calcd for C4sHsgNgOg: C 66.97, H 7.24, N 13.89; found C
66.86, H 7.23, N 13.92.

A Se: AEREE, FEE 91%. mp. 98~100 C;
[@]y —56.8 (¢ 0.16, CH,Cl); 'H NMR (400 MHz,
CDCly) 0: 8.09 (s, 1H, triazole-H), 7.77 (s, 1H, triazole-H),
7.72~7.76 (m, 4H, ArH), 6.96 (d, J=8.8 Hz, 2H, ArH),
6.88 (d, J=8.4 Hz, 2H, ArH), 523 ~5.38 (m, 2H,
OCOCH,), 5.07~5.10 (m, 2H, OCOCH,), 491 (s, 1H,
7p-H), 4.61~4.66 (m, 1H, 34-H), 3.84 (s, 3H, ArOCH;),
3.80 (s, 3H, ArOCH3,), 3.68 (s, 3H, COOCHj3), 0.89 (s, 3H,
19-CH3), 0.84 (d, J=6.4 Hz, 3H, 21-CH;), 0.59 (s, 3H,
18-CH;); IR (KBr) v: 2943, 2869, 1736, 1618, 1561, 1500,
1459, 1364, 1249, 1226, 1175, 1032, 836 cm '; ESI-MS
mlz (%): 837 [(M~+H)", 100]. Anal. calcd for C47HgoN¢Os:
C 67.44, H 7.23, N 10.04; found C 67.40, H 7.21, N 10.07.

ST Sd: Ak, PP 84%. mup. 117~119
C; [a]y —66.4 (¢ 0.13, CH,CL); '"H NMR (400 MHz,
CDCly) 0: 8.12 (s, 1H, triazole-H), 7.80 (s, 1H, triazole-H),
7.10~7.28 (m, 6H, ArH), 6.69 (d, J=7.2 Hz, 1H, ArH),
6.62 (d, J=72 Hz, 1H, ArH), 523~5.38 (m, 2H,
OCOCH,), 5.01~5.10 (m, 2H, OCOCH,), 4.89 (s, 1H,
7p-H), 4.61~4.66 (m, 1H, 3-H), 3.68 (s, 3H, COOCHj3),
0.88 (s, 3H, 19-CH3), 0.84 (d, J=6.4 Hz, 3H, 21-CHj,),
0.58 (s, 3H, 18-CH3); IR (KBr) v: 3449, 3370, 2942, 2869,
1736, 1619, 1591, 1458, 1433, 1364, 1274, 1224, 1139,
1045, 783 cm™'; ESI-MS m/z (%): 935 [(M—+H)", 100].
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Anal. calcd for CysHs4BroNgOg: C 57.82, H 5.82, N 8.99;
found C 57.73, H 5.84, N 9.02.

A Ser BEAFEE, F7F 87%. mp. 110~112
C. [a]y —59.7 (¢ 0.16, CH,CL); '"H NMR (400 MHz,
CDCly) 0: 8.18 (s, 1H, triazole-H), 7.86 (s, 1H, triazole-H),
7.66~7.71 (m, 4H, ArH), 7.56 (d, J=8.4 Hz, 2H, ArH),
747 (d, J=8.4 Hz, 2H, ArH), 525~541 (m, 2H,
OCOCH,), 5.05~5.17 (m, 2H, OCOCH,), 4.91 (s, 1H,
7p-H), 4.62~4.67 (m, 1H, 3p-H), 3.69 (s, 3H, COOCHs),
2.40 (s, 3H, Ar-CH3), 2.38 (s, 3H, Ar-CHj3), 0.89 (s, 3H,
19-CH3;), 0.85 (d, J=6.4 Hz, 3H, 21-CH3;), 0.59 (s, 3H,
18-CHj;); IR (KBr) v: 2944, 2869, 1737, 1459, 1271, 1226,
1139, 1068, 1010, 974 cm™'; ESI-MS m/z (%): 805 [(M+
H)+, 100]. Anal. calcd for Cy7HgoNgOg: C 70.12, H 7.51, N
10.44; found C 70.21, H 7.53, N 10.40.

S FEPSE AEEAE, P72 91%. mp. 159~161 C;
[a]y —83.7 (¢ 0.19, CH,CL); 'H NMR (400 MHz,
CDCly) 0: 8.14 (s, 1H, triazole-H), 7.84 (s, 1H, triazole-H),
7.77~7.83 (m, 4H, ArH), 7.13 (t, J/=8.6 Hz, 2H, ArH),
7.05 (t, J=28.6 Hz, 2H, ArH), 525~541 (m, 2H,
OCOCH,), 5.06~5.18 (m, 2H, OCOCH,), 4.92 (s, 1H,
76-H), 4.62~4.68 (m, 1H, 35-H), 3.69 (s, 3H, COOCH,;),
0.90 (s, 3H, 19-CHj;), 0.85 (d, J/=6.4 Hz, 3H, 21-CHj),
0.60 (s, 3H, 18-CHj3); IR (KBr) v: 2945, 2869, 1741, 1561,
1499, 1460, 1362, 1275, 1223, 1158, 1045, 977, 842, 795
cm '; ESI-MS m/z (%): 845 [(M+H)", 100]. Anal. calcd
for C4sH54CLNgOg: C 63.90, H 6.43, N 9.94; found C
63.98, H 6.41, N 9.97.

S Sgr AR, 73 92%. mp. 100~102
C; [a]y —156.3 (¢ 0.16, CH,Cl,); '"H NMR (400 MHz,
CDCly) 0: 8.16 (s, 1H, triazole-H), 7.80 (s, 1H, triazole-H),
7.72~17.76 (m, 4H, ArH), 7.26~7.28 (m, 2H, ArH), 7.18
(d, J/=8.0 Hz, 2H, ArH), 5.23~5.39 (m, 2H, OCOCH,),
5.02~5.13 (m, 2H, OCOCH,), 4.92 (s, 1H, 75-H), 4.60~
4.66 (m, 1H, 3p-H), 3.69 (s, 3H, COOCHs;), 2.61~2.71
(m, 4H, Ar-CH, X 2), 1.22~1.28 (m, 6H, Ar-CH,CH; X 2),
0.88 (s, 3H, 19-CH3), 0.82 (d, J/=6.4 Hz, 3H, 21-CHj;),
0.59 (s, 3H, 18-CHj3); IR (KBr) v: 2945, 2869, 1741, 1487,
1459, 1272, 1221, 1093, 1044, 976 cm™'; ESI-MS m/z (%):
833 [(M-+H)", 100]. Anal. caled for C4HgCpNgOq: C
70.65, H 7.74, N 10.09; found C 70.55, H 7.71, N10.12.

oA Sh: B EE, 772 88%. m.p. 98~100 C;
[a]y —56.3 (¢ 0.21, CH,CL); 'H NMR (400 MHz,
CDCly) 0: 8.13 (s, 1H, triazole-H), 7.80 (s, 1H, triazole-H),
7.71 (t, J=8.6 Hz, 4H, ArH), 7.24 (d, J=7.6 Hz, 2H,
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ArH), 7.16 (d, J=7.6 Hz, 2H, ArH), 5.23~5.39 (m, 2H,
OCOCH,), 5.01~5.14 (m, 2H, OCOCH,), 4.91 (s, 1H,
7p-H), 4.60~4.66 (m, 1H, 34-H), 3.68 (s, 3H, COOCHj,),
2.39 (s, 3H, ArCH3), 2.34 (s, 3H, ArCH3), 0.88 (s, 3H,
19-CH;), 0.84 (d, J=6.4 Hz, 3H, 21-CH;), 0.59 (s, 3H,
18-CH;); IR (KBr) v: 2943, 2868, 1741, 1459, 1379, 1362,
1274, 1215, 1138, 1044, 972 cm™'; ESI-MS m/z (%): 813
[(M+H)+, 100]. Anal. calcd for C4sHs4F2NgOg: C 66.48, H
6.70, N 10.34; found C 66.38, H 6.730, N 10.31.

ST st ALK, FRE 87%. mp. 94~96 C;
[a]y —86.6 (¢ 0.19, CH,Cl); 'H NMR (400 MHz,
CDCly) 0: 8.16 (s, 1H, triazole-H), 7.80 (s, 1H, triazole-H),
7.74 (t, J=8.6 Hz, 4H, ArH), 7.24 (d, J=8 Hz, 2H, ArH),
7.16 (d, J=8 Hz, 2H, ArH), 523 ~5.39 (m, 2H,
OCOCH,), 5.02~5.13 (m, 2H, OCOCH,), 4.91 (s, 1H,
7p-H), 4.62~4.64 (m, 1H, 3p-H), 3.68 (s, 3H, COOCHj,),
2.56~2.64 (m, 4H, Ar-CH,X2), 1.65~1.69 (m, 4H,
Ar-CH,CH, X 2), 0.93~1.04 (m, 6H, ArC,H,CH; X ?2),
0.88 (s, 3H, 19-CH;), 0.83 (d, J=6.4 Hz, 3H, 21-CH,),
0.58 (s, 3H, 18-CHj3); IR (KBr) v: 2955, 2870, 1741, 1460,
1379, 1363, 1275, 1227, 1044, 976 cm™'; ESI-MS m/z (%):
861 [(M+H)", 100]. Anal. calcd for Cs;HgsNgOg: C 71.13,
H 7.96, N 9.76; found C 71. 08, H 7.94, N 9.74.

oAl S): EEREE, P73 89%. m.p. 138~140 C;
[@]y —30.3 (¢ 0.15, CH,Cl); 'H NMR (400 MHz,
CDCly) 0: 8.31 (s, 1H, triazole-H), 8.30 (s, 1H, triazole-H),
8.28 (s, 1H, ArH), 8.25 (s, 1H, ArH), 8.23 (s, 1H, ArH),
8.07 (s, 1H, ArH), 7.99~8.02 (m, 4H, ArH), 5.14~5.46
(m, 4H, OCOCH, X 2), 4.96 (s, 1H, 7p-H), 4.65~4.71 (m,
1H, 34-H), 3.68 (s, 3H, COOCH,), 0.91 (s, 3H, 19-CH,),
0.85 (d, J=6.4 Hz, 3H, 21-CH3), 0.61 (s, 3H, 18-CH3); IR
(KBr) v: 2944, 2869, 1742, 1607, 1521, 1460, 1337, 1222,
1110, 1044, 976, 853, 756 cm'; ESI-MS m/z (%): 889
[(M+Na)+, 100]. Anal. calcd for C4sHs54NgO,o: C 62.34, H
6.28, N 12.92; found C 62.28, H 6.26, N 12.88.

oA Sk AR, 773 92%. mp. 90~92 C;
[@]y —168.2 (¢ 0.14, CH,CL); 'H NMR (400 MHz,
CDCly) 8: 10.45 (s, 2H, CHO X 2), 8.08 (s, 1H, triazole-H),
7.86 (s, 1H, triazole-H), 7.81~7.84 (m, 2H, ArH), 7.53~
7.58 (m, 2H, ArH), 7.14~7.20 (m, 2H, ArH), 7.04~7.09
(m, 2H, ArH), 5.15~5.45 (m, 8H, OCH, X2, OCOCH, X
2), 4.99 (s, 1H, 76-H), 4.59~4.64 (m, 1H, 34-H), 3.67 (s,
3H, COOCH,), 0.91 (s, 3H, 19-CH3), 0.89 (d, J=8.4 Hz,
3H, 21-CH3), 0.63 (s, 3H, 18-CH;); IR (KBr) v: 2945,
2869, 1740, 1690, 1594, 1478, 1458, 1288, 1213, 1163,
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1047, 993, 761 cm™'; ESI-MS m/z (%): 915 [(M+Na)",
100]. Anal. caled for C4HgN¢Oo: C 65.90, H 6.77, N
9.41; found C 65.79, H 6.79, N 9.43.

O TELESE AR, P53 89%. mp. 103~105 C,
[a]y —49.2 (¢ 0.12, CH,CL); 'H NMR (400 MHz,
CDCly) §: 10.87 (s, 1H, CHO), 10.85 (s, 1H, CHO), 9.21
(s, 1H, ArH), 9.19 (s, 1H, ArH), 8.10 (s, 1H, triazole-H),
7.98~8.01 (m, 2H, ArH), 7.83 (s, 1H, triazole-H), 7.73 (d,
J=8.4 Hz, 2H, ArH), 7.58~7.62 (m, 2H, ArH), 7.36~
743 (m, 4H, ArH), 5.18 ~5.45 (m, 8H, OCH, X 2,
OCOCH, X 2), 497 (s, 1H, 75-H), 4.64~4.67 (m, 1H,
3p-H), 3.66 (s, 3H, COOCHj,), 0.89 (s, 3H, 19-CH3), 0.86
(d, J=6 Hz, 3H, 21-CH3), 0.61 (s, 3H, 18-CH3); IR (KBr)
v: 2943, 2871, 1736, 1619, 1591, 1510, 1460, 1437, 1365,
1342, 1269, 1213, 1154, 1048, 1019, 814 cm '; ESI-MS
m/z (%): 1015 [(M+Na)", 100]. Anal. calcd for Cs;Hes-
N¢Oo: C 68.93, H 6.50, N 8.46; found C 68.84, H 6.48, N
8.42.

1.4 RFITHERENIR

DLGU7 - VR A VR R, T 24 oy 1Al IRk
JEAE 1X 10 °~10X10"° moleL " 22 [A](FH = A4 BE SR '
FREI RN PR E PTG W0 BE TR RN, AN I %44
ST, HRIELE 1074~107° moleL ™" [a) 284k, II5E &40
BC & s I BEAE, IR ARS PTE R AMX (1)
TR, SR AHAR R FE 0 AR AT AE S L, R A HERR
PRRRARA O IR S E B (P, = AR I N AR B 1
AT 100 pL. W5 i B fE(25+0.1) C.

2 ZR51He
21 BERESFHEEK

fE Click reaction X—20, TAILUMHIEZAK Sa &
A, FEANE ST W DL S AHEAL R BE S50 I
NS, HaE Rk 1. £ 2 FEK 3 fiR.

R BEFI T4 Sa =215 W
Table 1 The effect of solvent on the yields of compound 5a

# I3/ °C FEE %

DMSO 50 33

DMF 50 38

THF 50 45

t-BuOH 50 93
ST

AR 1 AIER 2 nf LA, &M ~BuOH 1 A, 1F
50 CRMN, RN . R 3w LLE W, L
3 10 mol%I1] Cul F1 40 mol%[H] Et:N I, F=&hm.
S B[] 0F 7= 6 1 53 i AR A 6 B A2, A S0 o ARl

1114 http://sioc-journal.cn/

F2 WX T Sa ;AN
Table 2 The effect of temperature on the yields of compound
5a

el W/ C PR bl

-BuOH 0 30

-BuOH 25 61

-BuOH 50 93

-BuOH 75 79
e

£ 3 MEATIREDN 7> TE 5a 77 FR K0
Table 3 The effect of concentration of catalysts on the yields of
compound 5a

AL 51/mol%

PR C/0

Cul Et;N AT
10 0 <10
10 20 55
10 40 93
10 60 83
0 40 <10
5 40 62
15 40 85

© 2014 Chinese Chemical Society & SIOC, CAS

Oy AL,

TLC WA, AL, RN ABE S, AMU=HMN
i L=t %, gia Lidset s Bk s 74 H
PRI B AE 45 E 2 +-BuOH 7, 40 mol% — 4%,
10 mol% Cul, 7F 50 ‘C, Wi ¥ Y 10~30 h.
2.2 B#r4) 5a~5| B HIFRIE

HAr% 5a~5j: 76 '"H NMR &, § 8.32~7.77
ppm Jh =MER B C—H k2=, 1 HIH 2800
PIAS, SEBAE A T L = MR B U T 50
fiér, 0 8.28~6.62 JiAi 1% EIENFRERAE T L%
AN RS ; AE IR W, 76 1700 cm ™' BT H B
P BE(C=O) A 4 4 sl W Sc e WS P&l poml AL, i
A Hirbaeeds o 731, 36 miz 5N T
KMo FHE W, JTCESITERERY, rfeay
4L LSz AT, HbsY 5k, 510 76 'H NMR i
B, 6 10.87~10.45 FIHUE N 57 R F A58, R
TS GH) 5, 6 8.10~7.83 [ B Iy = IR L) C—
H 10k, i IO Ay, SIERAEMAF
B =R SR TR, 0 7.84~7.04 1)
Z W T M IRAE P TR B O R4 B 48 BRI,
&Y 5a~51 Frfa el Rt 2o i 8 5 S e U
A, RBTERMAEY B b &4
23 FEKEEYMERRELEITSE

TEEAN G i s S b, [ AR TR (H)IRFE,
Ir) 2 ARV I AN BT I N A [ 5 119 A4 BH 25 (G,
Bt AR BH B AN N, A2 €2 [ 1 e W i
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FUEREPE R, R0 R 7 2 I A T R A1
& 1). B 2 1 Job’s plot 1l 41, EARS> T4 5k 5%
RBHE T RS S A LE B2 10 1 ST 8
HAKPHES T, Hi¥E Hildebrand-Benesi®™! 5 F(1), w45+
REEARZERT 101 B FEEY), W 1/A4 %
1[G 1FEl, A RIFMZIERR. HE 3 RN
FKARNHA, BEHLEH 7 TE Sk RGBS T
BT 11 BB TFIEEY. HELRREERR RS
(R o] 5 A 0 1 45 A A (K R E E RE AR AL
(—AG). Fr g2l F4K7> 141 5a, Sh, 5k, 511145 4% 4
(KR B AEAE L —AGY) L3 4.
1 1 1

M aK [G], T M

1.201

0.90 l

0.60

Absorbance

0.30

0.00
190.00

300.00 350.00 400.00
Wavelength/nm

B1 745k (2.4X107° moleL ™)y RN AR B 7 IR 4k i
B
Figure 1 UV-Vis spectra of molecular tweezer 5k (2.4X107°

molsL ") in the presence of Hg?"

() 0; (b) 3.20X 10 3; (c) 4.80X 10 %; (d) 6.40X 10 %; () 8.00X 10 ; (f)
9.60X 105 (g) 11.20X10 % (h) 12.80X 10 ° molsL ' Hg?'with Ap, at
254.0 nm

250.00

0.12
0.10 A
<FI 0.08 A

< 0.06 A

obs’

0.04 A

0.02

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
[5K)/(15K]+[Hg?"])

B2 707l Sk SokETIERCT 1 RSP A 2k
Figure 2 Job’ plot showing 1 : 1 complex formation for com-
pound 5k and Hg*"

R 4 WG H, XREUXT 8002 H A -
WO, EARERPIEIER T 111 R8s T
W), ERNEEIERATER I nn stacking 1F &k
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187
16
14 1
124
101

1/AA

N A OO ®©
T R

0 20000 40000 60000
1/[Go/(L- mol™")

B 3 25 CI¥, 7 CHCl;-CH;0H 1, 4> 14l 5k 5 Hg* JE R
11 ESEI 1A 5T 1[Gl 1B

Figure 3 Typical plot of 1/A4 versus 1/[G], for the 1 1
inclusion complex of molecular tweezer 5k with Hg? ' in
CHCL;,CH;OH at 25 C

K4 25 CF4r14l5a, 5h, 5k, 51 5802 7KL A
11255 UK A B BE R A (— AGP)

Table 4 Association constants (K,) and Gibbs free energy
changes (—AG®) for the inclusion complexes of cations with
molecular tweezers 5a, 5h, 5k, 51 in CHCl;CH;0H (V : V=7 .
2)at25 C

Host Guest KJ/(Lemol ")  —AG®/(kJemol )
Hg*' 896.521 16.82
cu*’ 281.633 13.95
Sa Mg*" 106.203 11.54
Pb>" 512.411 15.43
Hg*' 3761.06 20.40
cu*’ 424.063 14.99
Sh Mg*" 539.343 15.58
Pb>" 107.032 11.58
Hg* 8328.08 22.37
cu?' 434.191 15.05
Sk Mg*" 2524.97 19.41
Pb>" 626.964 15.96
Hg* 6565.87 21.78
5 cu?' 462.512 15.20
Mg 27.2301 8.890
Pb>" 139.532 12.23

© 2014 Chinese Chemical Society & SIOC, CAS

S ) g FE TR BT RS A IR, Bk T
B S AR i 2 98 10 BH S 1 (1 UM PR RE B AT — 5 I AU
P, BB S 70 1R AAR IR B 1 RO I T X I
BB 7 I BB RBCR. IX AT RE TR 2 AR 0K
TAERGE S TR R ILRC BT <5 B s 7 UL FC i, %
XOR BT W T A (I REE. 2 B R AR TR
AN I RR P IO RACR, 3R] T S2 AR (M oA BE AN,
] 3 RO B AR U BE D 1) 22 7
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BHLLE

MRIEX

24 HENS TR

FATRIHVH ML Chem 3D FEIFBHUMII T F %44
] C & 1R 0, DAIDIAS 3 2 244 O A T 478 T ) 4
B BT, RYIRAK Sa~SLEA 2P G f 4.
LASZ AR SK O, 4304 TR AIRRE A SN, AR IMEHTE
WS 4 P, &5 28 S B RORE TSP AR
REEMSR. MWK 5 A, KE T REELS IR AR
R, F I RS,

Bl 4 7574 sk MEALRERISR
Figure 4 Minimum energy conformation of molecular tweezer
5k

Bs 07 Sk SRk E I GI BARRE RS

Figure 5 Minimum energy conformation for the inclusion

complex of molecular tweezer Sk with Hg?"

25 "HNMR#3%

Ll CDCLCDsOD (V@ V=7 : 25, Bl E
91X 1072 moleL ™" ZEA5 ) EAASS TR, BEATAZ I
A — e MESE S, A FERS Y
SR ERD T, BREY, RS E. BE
—BALE, R4, AT AT ) A g
S AL/ SR A E - LN e 1P ER L A =L A
B, BAE I R ARE AT G A 2= S B AR 1k,
M T RS AR 7 R AEE RO S, B 6 harT
it Sk 557K B TR0 A U MAZ RS LE .

M 5 rpal Y, He? 6 24K Sk IRZ R 50, 17
BERED, FEARSFHE Sk = IR EE R B SR T
(CH) G F R RAE A 6 8.076, 7.856. BLH G,
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ol |

S

10 377271770
5
0 9 8 7 6 5 4 3 2 1
s

Bl 6 74 Sk (AN Sk 5ok T IR BC A (B) A G
tb i

Figure 6 Nuclear magnetic resonance spectra of 5k (A) and
complex Sk<Hg?' (B)

2RI 2 3 6 8.744, 8.690, 735l AMKIZHEE) o
0.6680, 0.8340, 43 T4 Sk XU HH(CHO) 73 531 1)
Hi7% 5 5 0.2000, 0.2500. 3X 7850 ] AR Sk A
He? 2 i A T BC AR . ARG A r () = IR TR R
FEIL A5 B AR T RO SE B, (A R AR 2 AR T
AR R A R

RS T Sk H5RETFIE RN G YIHT G 58 5 R £cd o)
Lk

Table 5 Nuclear magnetic resonance spectra data for the com-
plex of host 5k with Hg”"

© 2014 Chinese Chemical Society & SIOC, CAS

Proton Hostd Complexd Ady=0d(complex)—d(host)
Triazole-H 8.076 8.744 0.6680
Triazole-H 7.856 8.690 0.8340
CHO 10.45 10.25 —0.2000
CHO 10.45 10.20 —0.2500
3 i

FIFH A2, & T 12 M Fi & 1,2,3-=
AN B Real (R e s e Rt DN B ¢ NS LB U4 1 D
1L UL B RE L TR 5% T X P T N T 52 A400) BH 25 7
MIRBIEC A e RE. 45 RRW, XM & s 1A
AR RGBS, FEAE T4 5k, 51X He® i 1
EBEE TR AAE T, B KEs &% 50T ik 8328.08 Lemol .
[, HATAS R PR S 10 T 1) (R S 280 40 7 H 52 Aokt
&8 B IR R R ZE 5 1. XM H T ERTFE
75 IR IAR F PR A 5 A AT 3 S 1 B A 55 2550 1 56 11 2
REFISE I, AMUAEERS_EXTIIFIE N T2 AR (B4 B
TRERBE RN HAT B3 S, i FLA LA 27 A I Ak
HhELA YRR 1R N F T 5
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