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Abstract A series of pillar[5]arene monoamide derivatives with different lengths of alkylenediamine unites as the side chains
on the pillar[5]arene’s rim can form pseudo[l]rotaxanes. Thus, based on the construction of this intermediate of pseu-
do[1]rotaxane, eight pillar[5]arene-baed mechanically interlocked molecules (MIMs) of bis-[1]rotaxane were successful con-
structed through condensation reaction of pillar[5]arene monoamide derivative and salicylaldehyde. The newly synthesized
bis-[1]rotaxane was investigated in detail by various methods, including "H NMR, *C NMR, 2D NOESY NMR and MS anal-
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ysis. It was found that this kind of MIMs has a strong recognition effect with Cu**, which complexed by 1 : 2.
Keywords pillar[5]arene ; bis-[1]rotaxane; pseudo[1]rotaxane; mechanically interlocked molecules
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Figure 1 Partial '"H NMR spectrum (400 MHz, 298 K, CDCly) of bis-[1]rotaxane 3a
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Table 1 Yields of bis[1]rotaxanes and their difference on 'H
NMR

Compd. n m Yield/% Number of H (6<<0)
3a 4 1 66.5 16 (CHy)
3b 4 2 54.6 16 (CHy)
3¢ 2 1 83.4 8 (CHy)
3d 2 2 65.3 8 (CHy)
3e 2 4 64.3 8 (CHy)
3f 1 1 81.1 8 (CHy)
3g 1 2 65.2 8 (CHy)
3h 1 4 52.6 8 (CHy)
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Figure 2 'H-"H NOESY spectrum (600 MHz, 298 K, CDCl;) of
bis-[1]rotaxane 3a

BAEREIE A L
1.3 &Y 3a I A
3 R VAR SR BB IDOSURE [5195 o8 B 2RI X114

Chin. J. Org. Chem. 2019, 39, 3483~3489

© 2019 Chinese Chemical Society & SIOC, CAS

ot A G AR B R S5 M B on, AR SRR I s,
SUBAR AR T DMEN RIFIE FE5 A0S, B
T IXBE VIR &R R E(Cu . Co*' L Zn® .
Ni*". Cd* Ml Pb*", ¢c=1X10"* mol/L), tb&¥) 3a 7£
CH,Cly/MeOH H ()58 #h— 1T WOt il Hodfs e (B 3)3R
B, 3a ELAF AN, BN 280 nm B I (5B IR UACAT 398
nm AbFAX 55 M. AR R B AR Y IR SRR R
- ERIE R A, SR R IR B -n* B R AL 7R
TN BT 5 W R AR T mEe, T B BRI A-[1]
Bt 3a % Ni*TL Cd* R PO LR IR BIE T, TRt
Cu™ VEFI R, T Cu SR RBRAEF, Ji Jms il & 4t
W H 5K A 390 nm B 8h % 350 nm. @ IT 3a 5AFEIK
FE Cu® R A R SE, R B 2 A4 10 2 i e T
5. 24 Cu(OAc), IR FE NECARIKFE 2 5 LU, ST

3.0 0.8

25 0.61

E]
] 24 cu®* zn?
g 041 ©" ] |
38

2.0

1.5 1

Abs./a.u.

1 cd® pb>* ] ligand
320 340 360 380 400 420
Wavelength/nm

10F

05

00k

2€I'>0 3(I)0 350 460 50 500
Wavelength/nm
B3 X114k 3a HANA 48 B 1 1 28 Al 4]

Figure 3 Ultraviolet absorption diagram of bis-[1]rotaxane 3a
and different metal ions
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Figure 4 Complex ratio curve of bis-[1]rotaxane 3a with differ-
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B AW) 2a~2¢ (0.1 mmol), 2~3 d BEER, KR AW
IR TR 6 he g, HBUEDE, HOREEYE, 5
Fair=4.

MEEFERET7 & 3a: BEAREL, =% 66.5%. m.p.
165.5~167.4 C; '"H NMR (400 MHz, CDCl;) o: 8.06 (s,
2H, CH=N), 7.12 (d, J=8.3 Hz, 2H, ArH), 7.00~6.78
(m, 20 H, ArH), 6.40 (d, J=9.1 Hz, 4H, ArH), 5.48 (d, J=
7.1 Hz, 2H, NH), 4.60 (s, 4H, CH,), 4.09 (s, 4H, CH,),
3.95~3.49 (m, 74H, 480CHj3, 26CH,), 2.90 (s, 2H, CH,),
2.59 (t, J=8.5 Hz, 4H, CH,), 2.03 (s, 4H, CH,), 1.71 (dt,
J=14.6, 7.4 Hz, 4H, CH,), 1.50 (q, J=7.4 Hz, 4H, CH,),
0.92 (t, J=7.4 Hz, 6H, CH;), —0.04 (s, 4H, CH,), —0.62
(s, 2H, CH,), —0.74 (s, 2H, CH,), —1.86 (s, 4H, CH,),
—2.24 (s, 4H, CH,); “C NMR (101 MHz, CDCly) ¢:
168.63, 167.59, 163.59, 162.30, 150.89, 150.59, 150.46,
150.34, 150.31, 150.27, 150.22, 150.08, 149.95, 146.88,
132.37, 129.30, 129.23, 128.56, 128.41, 128.30, 128.23,
127.81, 127.15, 115.26, 114.44, 114.03, 113.66, 112.92,
112.72, 112.63, 112.14, 112.04, 111.74, 106.66, 102.04,
68.39, 67.48, 65.77, 56.69, 56.18, 56.05, 55.75, 55.71,
55.63, 55.39, 55.20, 55.12, 37.51, 32.01, 30.68, 29.91,
29.11, 29.03, 28.70, 28.51, 27.23, 25.89, 24.29, 22.78,
19.56, 14.05; IR (KBr) v: 3415, 2936, 1688, 1626, 1500,
1466, 1400, 1296, 1213, 1048, 928, 879, 775, 705, 648
em'; HRMS (ESI) caled for CosH;ssN4Ors (IM+H]):
2165.0950, found 2165.0958.

M1EERErET7 & 3b: B AR, P25 54.6%. m.p.
140.8~142.3 ‘C; '"H NMR (400 MHz, CDCl;) ¢: 8.05 (s,
2H, CH=N), 7.11 (d, J=8.3 Hz, 2H, ArH), 6.98 (s, 4H,
ArH), 6.92 (d, J=5.6 Hz, 6H, ArH), 6.88 (s, 4H, ArH),
6.81 (d, J=3.7 Hz, 6H, ArH), 6.39 (d, J=8.4 Hz, 4H,
ArH), 5.47 (d, J=7.9 Hz, 2H, NH), 4.59 (s, 4H, CH,), 4.03
(t, J=6.5 Hz, 4H, CH,), 3.90~3.67 (m, 74H, 48 OCHs, 26
CH,), 2.89 (s, 2H, CH,), 2.59 (t, J=8.4 Hz, 4H, CH,), 1.87
(t, J=8.5 Hz, 8H, CH,), 1.74~1.67 (m, 4H, CH,), 1.49 (q,
J=17.4 Hz, 4H, CH,), 0.92 (t, J=7.4 Hz, 6H, CH;), —
0.04 (s, 4H, CH,), —0.63 (s, 2H, CH,), —0.75 (s, 2H,
CH,), —1.88 (d, J=25.1 Hz, 4H, CH,), —2.24 (s, 4H,
CH,); >C NMR (101 MHz, CDCly) J: 168.44, 167.58,
163.68, 162.30, 150.90, 150.59, 150.46, 150.35, 150.32,
150.28, 150.23, 150.08, 149.96, 146.88, 132.31, 129.30,
129.28, 129.23, 128.55, 128.53, 128.41, 128.30, 128.23,
127.81, 127.15, 115.25, 114.43, 114.01, 113.66, 112.92,
112.73, 112.63, 112.15, 112.06, 111.87, 111.69, 106.73,
102.01, 101.92, 68.37, 67.88, 67.83, 65.78, 56.82, 56.17,
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56.04, 55.75, 55.70, 55.63, 55.39, 55.19, 55.12, 37.52,
32.01, 30.71, 29.92, 29.07, 29.02, 28.70, 28.52, 27.23,
26.66, 25.90, 25.86, 24.32, 22.80, 19.56, 14.05; IR (KBr)
v: 3410, 2937, 2859, 2036, 1681, 1625, 1504, 1459, 1399,
1296, 1212, 1112, 1043, 928, 873, 845, 775, 711, 647, 546
cm” !, HRMS (ESI) caled for Ci30H;59N4O06 ([M—|—H]+):
2193.1271, found 2193.1276.

M EREAETT IR 3e: BAFEE, 23 83.4%. m.p.
194.8~196.1 ‘C; 'H NMR (400 MHz, CDCl5) §: 13.20 (s,
2H, OH) , 7.23 (s, 2H, ArH), 7.01~6.91 (m, 14H, ArH),
6.83 (d, J=9.8 Hz, 4H, ArH), 6.77 (s, 4H, 2 ArH, 2 CH=
N), 6.29~6.22 (m, 4H, ArH), 5.45 (s, 2H, NH), 4.59 (s,
4H, CH,), 4.08 (s, 4H, CH,), 3.83~3.73 (m, 56H, 48
OCHs, 8CH,), 3.71 (s, 6H, CH,), 3.65 (s, 4H, CH,), 3.58
(s, 4H, CH,), 3.40 (s, 4H, CH,), 2.87 (s, 2H, CH,), 2.04 (s,
4H, CH,), 1.80 (s, 4H, CH,), 1.55 (dd, J=17.6, 3.6 Hz, 4H,
CH,), 1.00 (t, J=7.5 Hz, 6H, CHj), 0.29 (d, J=43.9 Hz,
4H, CH,), —0.92 (s, 4H, CH,), —1.91 (d, J=31.0 Hz,
4H, CH,); *C NMR (101 MHz, CDCl;) §: 172.60, 167.13,
164.12, 161.56, 151.64, 150.65, 150.61, 150.51, 150.39,
150.31, 150.26, 150.18, 149.59, 147.61, 133.24, 130.76,
129.59, 128.63, 128.54, 128.17, 128.15, 128.09, 127.38,
127.30, 117.94, 114.88, 113.88, 113.78, 113.48, 113.36,
112.97, 112.83, 112.45, 111.93, 111.37, 105.33, 102.25,
70.36, 67.26, 65.70, 55.99, 55.96, 55.91, 55.81, 55.75,
55.61, 55.49, 55.40, 51.15, 36.33, 32.01, 30.48, 29.51,
29.23, 29.04, 28.42, 28.16, 25.97, 25.67, 22.75, 19.48,
14.13; IR (KBr) v: 3415, 2940, 1685, 1624, 1502, 1460,
1399, 1299, 1213, 1112, 1045, 929, 873, 776, 707, 648
cm” !, HRMS (ESI) caled for Cio4H;47N4O06 ([M—|—H]+):
2109.0346, found 2109.0337.

M E AT & 3d: FEEE, 7R 64.3%. m.p.
168.0~170.2 °C; '"H NMR (400 MHz, CDCl3) d: 7.23 (d,
J=8.5 Hz, 2H, ArH), 7.01 (s, 2H, CH=N), 7.00~6.88
(m, 12H, ArH), 6.83 (d, J=9.2 Hz, 4H, ArH), 6.76 (dd,
J=10.0, 2.8 Hz, 4H, ArH), 6.25 (d, J=10.3 Hz, 4H, ArH),
5.45 (s, 2H, NH), 4.59 (s, 3H, CH,), 4.14 (s, 2H, CH,),
401 (t, J=6.5 Hz, 4H, CH,), 3.96~3.61 (m, 64H,
480CH;, 16CH,), 3.57 (s, 4H, CH,), 3.39 (s, 4H, CH,),
2.86 (s, 2H, CH,), 1.88 (t, J=6.9 Hz, 4H, CH,), 1.76 (d,
J=17.3 Hz, 4H, CH,), 1.60 (s, 4H, CH,), 1.54 (dd, J=17.5,
3.7 Hz, 4H, CH,), 1.00 (t, J=7.3 Hz, 6H, CH3), 0.34 (s,
2H, CH,), 0.23 (s, 2H, CH,), —0.92 (d, J=25.7 Hz, 4H,
CH,), —1.90 (d, J=35.9 Hz, 4H, CH,); *C NMR (101
MHz, CDCLy) 0: 172.49, 167.14, 164.23, 161.57, 151.64,
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150.65, 150.56, 150.52, 150.39, 150.31, 150.27, 150.19,
149.60, 147.61, 133.20, 130.75, 130.74, 129.59, 128.63,
128.53, 128.47, 128.46, 128.19, 128.16, 128.10, 127.38,
117.90, 114.89, 113.89, 113.70, 113.53, 113.47, 113.39,
113.00, 112.83, 112.50, 112.48, 112.45, 111.94, 111.31,
105.43, 102.22, 70.34, 67.69, 65.70, 55.99, 55.96, 55.92,
55.80, 55.76, 55.57, 55.52, 55.49, 55.39, 51.22, 51.22,
36.34, 36.33, 32.00, 29.46, 29.18, 29.04, 28.40, 26.00,
25.65,22.76, 19.47, 14.11; IR (KBr) v: 3406, 2940, 2837,
1684, 1625, 1502, 1460, 1399, 1299, 1212, 1044, 928, 877,
776, 707, 649 cm™'; HRMS (ESI) caled for CjxH 51N4O06
(IM+H]"): 2137.0653, found 2137.0650.

W EeFEAETT IR 3e: BAEA, 223 65.3%. m.p.
137.8~139.5 ‘C; '"H NMR (400 MHz, CDCl;) d: 13.10 (s,
2H, OH), 7.22 (d, J=8.6 Hz, 2H, ArH), 7.00 (s, 2H, CH=
N), 6.99~6.90 (m, 12H, ArH), 6.82 (d, J=9.5 Hz, 4H,
ArH), 6.77 (d, J=3.0 Hz, 4H, ArH), 6.27~6.20 (m, 4H,
ArH), 5.46 (s, 2H, NH), 4.59 (s, 4H, CH,), 4.13 (s, 2H,
CH,), 3.98 (t, J=6.6 Hz, 4H, CH,), 3.87~3.66 (m, 60 H,
480CH;, 12CH,), 3.57 (s, 6H, CH,), 3.38 (s, 6H, CH,),
2.86 (s, 2H, CH,), 1.81 (dt, J=16.0, 8.0 Hz, 16H, CH,),
1.51 (dt, J=9.2, 4.7 Hz, 8H, CH,), 0.99 (t, J=7.4 Hz, 6H,
CH3), 0.33 (s, 2H, CH,), 0.21 (s, 2H, CH,), —0.92 (d, J=
28.4 Hz, 4H, CH,), —1.92 (d, J=32.5 Hz, 4H, CH,); °C
NMR (101 MHz, CDCly) &: 172.51, 167.14, 164.30,
161.53, 151.63, 150.64, 150.51, 150.39, 150.37, 150.29,
150.25, 150.18, 149.57, 147.58, 133.16, 130.73, 129.57,
128.62, 128.53, 128.51, 128.45, 128.15, 128.08, 127.36,
127.29, 117.89, 114.86, 113.86, 113.48, 113.35, 112.95,
112.82, 112.44, 111.92, 111.24, 105.46, 102.20, 70.32,
67.85, 65.68, 55.98, 55.95, 55.90, 55.80, 55.74, 55.48,
55.39, 51.16, 36.34, 32.00, 30.47, 29.58, 29.46, 29.20,
28.39, 28.13, 26.12, 25.65, 22.75, 19.46, 14.11; IR (KBr)
v: 3406, 2936, 2857, 2480, 2035, 1682, 1625, 1503, 1458,
1398, 1298, 1212, 1112, 1043, 929, 875, 776, 711, 648,
550 cm '; HRMS (ESI) caled for Ci30H;50N4O5 ([M+
H]"): 2193.1293, found 2193.1276.

WEeLeAE 75 & 3 EEREAE, =% 81.1%. m.p.
206.2~208.6 ‘C; "H NMR (400 MHz, CDCl5) d: 13.01 (s,
2H, OH), 7.18 (d, J=8.7 Hz, 2H, ArH), 7.06~6.79 (m,
18H, ArH), 6.69 (s, 2H, ArH), 6.32 (s, 2H, CH=N),
6.30~6.22 (m, 4H, ArH), 4.51 (s, 4H, CH,), 4.32 (d, J=
8.7 Hz, 2H, NH), 4.17~3.22 (m, 80H, 480CH3, 32CH,),
2.03 (s, 4H, CH,), 1.82 (d, J=8.4 Hz, 4H, CH,), 1.58~
1.53 (m, 4H, CH,), 1.00 (t, J=7.4 Hz, 6H, CH;), —
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0.05~—0.20 (m, 4H, CH,), —1.71 (s, 2H, CH,), —1.88
(s, 2H, CH,); *C NMR (101 MHz, CDCl;) &: 170.35,
166.77, 163.59, 162.31, 151.46, 150.84, 150.56, 150.49,
150.21, 150.13, 149.71, 148.56, 132.93, 131.73, 129.86,
129.22, 128.55, 128.44, 128.17, 127.87, 127.78, 125.85,
118.09, 114.13, 113.95, 113.93, 113.60, 113.37, 113.21,
112.39, 112.24, 111.57, 105.50, 101.90, 70.37, 67.29,
65.95, 56.10, 55.95, 55.72, 55.61, 55.45, 55.20, 55.18,
55.02, 50.86, 36.06, 31.92, 30.08, 28.62, 28.20, 27.02,
25.97, 19.47, 14.05; IR (KBr) v: 3407, 2934, 1685, 1627,
1499, 1465, 1399, 1296, 1213, 1045, 928, 880, 775, 705,
648 cm '; HRMS (ESI) caled for Ci»H4N4O5 ([M+
H]"): 2081.0058, found 2081.0024.

M1 KA J7 B 3g: BEE K, 7% 65.2%.
m.p.154.7~156.2 ‘C; '"H NMR (400 MHz, CDCl;) §:
13.00 (s, 2H, OH), 7.16 (d, J=8.6 Hz, 2H, ArH), 7.04 (d,
J=4.8 Hz, 4H, ArH), 7.01~6.91 (m, 8H, ArH), 6.87 (s,
2H, ArH), 6.81 (d, J=6.8 Hz, 4H, ArH), 6.68 (s, 2H, ArH),
6.32 (s, 2H, CH=N), 6.30~6.19 (m, 4H, ArH), 4.50 (s,
4H, CH,), 4.32 (d, J=8.5 Hz, 2H, NH), 4.12 (s, 2H, CH,),
4.07~3.49 (m, 66H, 480CH;, 18CH,), 3.42 (s, 6H, CH,),
3.26 (s, 6H, CH,), 1.84 (d, J=16.8 Hz, 8H, CH,), 1.55 (q,
J=17.5 Hz, 8H, CH,), 1.00 (t, J=7.4 Hz, 6H, CH;), —
0.07~—0.21 (m, 4H, CH,), —1.72 (s, 2H, CH,), —1.89
(s, 2H, CH,); *C NMR (101 MHz, CDCl;) 6: 221.34,
170.70, 166.82, 163.83, 162.29, 151.47, 150.85, 150.58,
150.51, 150.21, 150.15, 149.71, 148.55, 132.96, 131.71,
129.87, 129.22, 128.59, 128.46, 128.20, 127.86, 127.81,
126.50, 125.85, 118.10, 114.19, 113.94, 113.62, 113.40,
113.23, 112.39, 112.23, 112.18, 111.41, 106.85, 105.61,
101.90, 70.39, 67.73, 65.93, 56.16, 55.96, 55.73, 55.62,
55.48, 55.21, 55.07, 50.68, 36.06, 32.04, 31.92, 30.09,
29.19, 28.60, 28.18, 27.01, 25.99, 19.47, 14.05; IR (KBr)
v: 3391, 2935, 1681, 1627, 1499, 1465, 1399, 1297, 1213,
1045, 927, 881, 855, 774, 702, 648 cm™'; HRMS (ESI)
caled for C;y4H 47N4O6 ([M+H]+): 2109.0387, found
2109.0337.

M E AT & 3h: TG, 7R 52.6%. m.p.
142.8~144.9 °C; 'H NMR (400 MHz, CDCl5) §: 12.99 (s,
2H, OH), 7.14 (d, J=8.7 Hz, 2H, ArH), 7.05~6.90 (m,
12H, ArH), 6.85 (s, 2H, ArH), 6.79 (d, J=7.7 Hz, 4H,
ArH), 6.67 (s, 2H, ArH), 6.30 (s, 2H, CH=N), 6.25 (dd,
J=8.6, 2.4 Hz, 2H, ArH), 6.20 (d, J=2.2 Hz, 2H, ArH),
4.49 (s, 4H, CH,), 4.30 (d, J=7.7 Hz, 2H, NH), 4.10 (s,
2H, CH,), 4.02~3.48 (m, 66H, 480CH3, 18CH,), 3.41 (s,
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6H, CH,), 3.24 (s, 6H, CH,), 1.81 (t, J=7.6 Hz, 8H, CH,),
1.51 (dg, J=14.0, 7.3 Hz, 8H, CH,), 1.37 (s, 8H, CH,),
0.98 (t, J=7.4 Hz, 6H, CH;), —0.15 (dd, J=20.0, 11.4
Hz, 4H, CH,), —1.73 (s, 2H, CH,), —1.90 (s, 2H, CH,);
C NMR (101 MHz, CDCl;) §: 170.33, 166.79, 164.30,
163.78, 163.20, 162.30, 151.45, 150.84, 150.54, 150.50,
150.19, 150.13, 149.69, 148.53, 132.86, 132.51, 131.68,
129.84, 129.21, 128.54, 128.44, 128.16, 127.84, 127.77,
126.49, 125.83, 118.02, 114.12, 113.92, 113.59, 113.36,
113.21, 112.38, 112.23, 112.12, 112.09, 111.44, 106.86,
105.64, 101.86, 101.71, 77.37, 70.34, 68.07, 67.90, 65.93,
56.11, 55.95, 55.72, 55.61, 55.44, 55.19, 55.03, 50.88,
36.09, 32.05, 31.92, 30.09, 29.58, 29.50, 29.47, 29.41,
29.36, 29.22, 29.20, 29.08, 28.63, 28.61, 28.17, 27.01,
26.12, 26.08, 26.00, 19.47, 14.06; IR (KBr) v: 3397, 2933,
1683, 1626, 1500, 1465, 1399, 1297, 1213, 1045, 928, 880,
775, 703, 648 cm™'; HRMS (ESI) caled for Cj55H,54N4O06
(IM+H]"): 2165.0966, found 2165.0958.

$#H B#1 KL (Supporting Information) L&) 3a~3h [
HRMS. 'HNMR 1 PC NMR K. X640 a7 PG 57
AT 3 (http://sioc-journal.cn/)_F T %%,
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