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1. 1H NMR and 13C NMR spectra of new compounds 

 

Figure S1. 1H NMR spectrum (300 MHz, CD3CN) of 8. 

 

Figure S2. 13C NMR spectrum (75 MHz, CD3CN) of 8. 
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NAME            lpf-552
EXPNO                10
PROCNO                1
Date_          20110629
Time              10.40
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            8992.806 Hz
FIDRES         0.137219 Hz
AQ            3.6438515 sec
RG                812.7
DW               55.600 usec
DE                 8.00 usec
TE                299.7 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                10.80 usec
PL1                3.00 dB
SFO1        300.1324010 MHz
SI                32768
SF          300.1292064 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

N N

 

Figure S3. 1H NMR spectrum (300 MHz, CDCl3) of 12. 
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NAME            lpf-552
EXPNO                20
PROCNO                1
Date_          20110706
Time              10.46
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   82
DS                    4
SWH           17985.611 Hz
FIDRES         0.274439 Hz
AQ            1.8219508 sec
RG                574.7
DW               27.800 usec
DE                 6.50 usec
TE                299.7 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                12.50 usec
PL1                2.00 dB
SFO1         75.4752953 MHz

======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2            100.00 usec
PL2                3.00 dB
PL12              22.33 dB
PL13              23.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677490 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

 

Figure S4. 13C NMR spectrum (75 MHz, CDCl3) of 12. 
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NAME            lpf-553
EXPNO                10
PROCNO                1
Date_          20110701
Time              14.00
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG            zg30
TD                65536
SOLVENT           CD3CN
NS                   16
DS                    0
SWH            8992.806 Hz
FIDRES         0.137219 Hz
AQ            3.6438515 sec
RG                  362
DW               55.600 usec
DE                 8.00 usec
TE                299.6 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                10.80 usec
PL1                3.00 dB
SFO1        300.1324010 MHz
SI                32768
SF          300.1300042 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

 

Figure S5. 1H NMR spectrum (300 MHz, CD3CN) of 11. 
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NAME            lpf-553
EXPNO                20
PROCNO                1
Date_          20110706
Time               8.15
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CD3CN
NS                 4965
DS                    4
SWH           17985.611 Hz
FIDRES         0.274439 Hz
AQ            1.8219508 sec
RG               5160.6
DW               27.800 usec
DE                 6.50 usec
TE                299.8 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                12.50 usec
PL1                2.00 dB
SFO1         75.4752953 MHz

======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2            100.00 usec
PL2                3.00 dB
PL12              22.33 dB
PL13              23.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677705 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

  

Figure S6. 13C NMR spectrum (75 MHz, CD3CN) of 11. 
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2. 1H NMR spectroscopic titrations of the complexes 
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Figure S7. Partial 1H NMR spectra (300 MHz, CD3CN/CDCl3 = 1:1, 298 K) of (a) free 1, (b) 1 and 1.0 

equiv of 5, (c) free 5. [1]0 = 3.0 mM. 
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Figure S8. Partial 1H NMR spectra (300 MHz, CD3CN/CDCl3 = 1:1, 298 K) of (a) free 1, (b) 1 and 1.0 

equiv of 6, (c) free 6. [1]0 = 3.0 mM. 
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Figure S9. Partial 1H NMR spectra (300 MHz, CD3CN/CDCl3 = 1:1, 298 K) of (a) free 1, (b) 1 and 1.0 

equiv of 7, (c) free 7. [1]0 = 3.0 mM. 

 

Figure S10. Partial 1H NMR spectra (300 MHz, CD3CN/CDCl3 = 1:1, 298 K) of (a) free 1, (b) 1 and 1.0 

equiv of 8, (c) free 8. [1]0 = 3.0 mM. 
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Figure S11. Partial 1H NMR spectra (300 MHz, CD3CN/CDCl3 = 1:1, 298 K) of (a) free 1, (b) 1 and 1.0 

equiv of 9, (c) free 9. [1]0 = 3.0 mM. 

 

Figure S12. Partial 1H NMR spectra (300 MHz, CD3CN/CDCl3 = 1:1, 298 K) of (a) free 1, (b) 1 and 1.0 

equiv of 10, (c) free 10. [1]0 = 3.0 mM. 
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Figure S13. Partial 1H NMR spectra (300 MHz, CD3CN/CDCl3 = 1:1, 298 K) of (a) free 1, (b) 1 and 1.0 

equiv of 11, (c) free 11. [1]0 = 3.0 mM. 
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3. 1H-1H COSY and ROESY NMR spectra of the complexes 
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Figure S14. 1H-1H COSY spectrum (600 MHz, CD3CN/CDCl3=1:1, v/v, 298 K) of 1 and 1.0 equiv. of 3. 

[1]0 = 3.0 mM. 
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Figure S15. 1H-1H ROESY spectrum (600 MHz, CD3CN/CDCl3=1:1, v/v, 298 K) of 1 and 1.0 equiv. of 3. 

[1]0 = 3.0 mM. 
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Figure 16. 1H-1H COSY spectrum (600 MHz, CD3CN/CDCl3=1:1, v/v, 298 K) of 1 and 1.0 equiv. of 4. 

[1]0 = 3.0 mM. 

 

ppm

7.88.08.28.48.68.89.09.29.4 ppm

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2

 

Figure S17. 1H-1H ROESY spectrum (600 MHz, CD3CN/CDCl3=1:1, v/v, 298 K) of 1 and 1.0 equiv. of 4. 

[1]0 = 3.0 mM. 
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Figure S18. 1H-1H COSY spectrum (600 MHz, CD3CN/CDCl3=1:1, v/v, 298 K) of 1 and 1.0 equiv. of 8. 

[1]0 = 3.0 mM. 
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Figure S19. 1H-1H ROESY spectrum (600 MHz, CD3CN/CDCl3=1:1, v/v, 298 K) of 1 and 1.0 equiv. of 8. 

[1]0 = 3.0 mM. 
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Figure S20. 1H-1H COSY spectrum (600 MHz, CD3CN/CDCl3=1:1, v/v, 298 K) of 1 and 1.0 equiv. of 11. 

[1]0 = 3.0 mM. 
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Figure S21. 1H-1H ROESY spectrum (600 MHz, CD3CN/CDCl3=1:1, v/v, 298 K) of 1 and 1.0 equiv. of 

11. [1]0 = 3.0 mM. 
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4. Determination of the association constants 
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Figure S22. Mole ratio plot for the complexation of 1 and 3 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S23. Determination of Δ0 of H1 for the complexation of 1 and 3 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S24. Scatchard plot for the complexation of 1 and 3 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S25. Mole ratio plot for the complexation of 1 and 4 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S26. Determination of Δ0 of H1 for the complexation of 1 and 4 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S27. Scatchard plot for the complexation of 1 and 4 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S28. Mole ratio plot for the complexation of 1 and 5 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S29. Determination of Δ0 of H1 for the complexation of 1 and 5 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S30. Scatchard plot for the complexation of 1 and 5 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S31. Mole ratio plot for the complexation of 1 and 6 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S32. Determination of Δ0 of H1 for the complexation of 1 and 6 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S33. Scatchard plot for the complexation of 1 and 6 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S34. Mole ratio plot for the complexation of 1 and 7 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S35. Determination of Δ0 of H1 for the complexation of 1 and 7 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S36. Scatchard plot for the complexation of 1 and 7 in CD3CN/CDCl3 = 1:1 at 298 K.  
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Figure S37. Mole ratio plot for the complexation of 1 and 8 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S38. Determination of Δ0 of H1 for the complexation of 1 and 8 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S39. Scatchard plot for the complexation of 1 and 8 in CD3CN/CDCl3 = 1:1 at 298 K.  



S26 

6.84 6.85 6.86 6.87 6.88 6.89 6.90 6.91 6.92 6.93
0.0

0.5

1.0

1.5

2.0

2.5

R2 = 0.997

R2 = 0.977
[9

]/
[1

]

Chemical shift of H1 on Host (ppm)
 

Figure S40. Mole ratio plot for the complexation of 1 and 9 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S41. Determination of Δ0 of H1 for the complexation of 1 and 9 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S42. Scatchard plot for the complexation of 1 and 9 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S43. Mole ratio plot for the complexation of 1 and 10 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S44. Determination of Δ0 of H1 for the complexation of 1 and 10 in CD3CN/CDCl3 = 1:1 (v/v) at 

298 K. 
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Figure S45. Scatchard plot for the complexation of 1 and 10 in CD3CN/CDCl3 = 1:1 at 298 K.  
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Figure S46. Mole ratio plot for the complexation of 1 and 11 in CD3CN/CDCl3 = 1:1 at 298 K. 
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Figure S47. Determination of Δ0 of H1 for the complexation of 1 and 11 in CD3CN/CDCl3 = 1:1 (v/v) at 

298 K. 
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Figure S48. Scatchard plot for the complexation of 1 and 11 in CD3CN/CDCl3 = 1:1 at 298 K. 

 
5. ESI MS spectra of the complexes  

hy-pyme_120719150506 #9-16 RT: 0.14-0.26 AV: 8 NL: 4.13E6
T: {0,0}  + c ESI corona sid=50.00  det=1188.00 Full ms [ 300.00-2000.00]
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Figure S49. ESI MS of 1 and 3 in acetonitrile-chloroform (1:1, v:v). 
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hy-pyb2br #9-16 RT: 0.14-0.26 AV: 8 NL: 5.35E4
T: {0,0}  + c ESI corona sid=50.00  det=1188.00 Full ms [ 300.00-2000.00]
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Figure S50. ESI MS of 1 and 4 in acetonitrile-chloroform (1:1, v:v). 

hy-pyb2me #10-14 RT: 0.16-0.22 AV: 5 NL: 2.02E6
T: {0,0}  + c ESI corona sid=50.00  det=1188.00 Full ms [ 300.00-2000.00]

400 600 800 1000 1200 1400 1600 1800 2000
m/z

0

10

20

30

40

50

60

70

80

90

100

R
e
la

tiv
e
 A

b
un

d
an

ce

846.44

511.76

1175.15365.59 824.33 1839.62867.42 1497.14684.21 1085.40 1349.07 1995.651590.84

 

Figure S51. ESI MS of 1 and 5 in acetonitrile-chloroform (1:1, v:v). 

hy-pyb2f #10-13 RT: 0.16-0.21 AV: 4 NL: 1.58E6
T: {0,0}  + c ESI corona sid=50.00  det=1188.00 Full ms [ 300.00-2000.00]
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Figure S52. ESI MS of 1 and 6 in acetonitrile-chloroform (1:1, v:v). 
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hy-pyb2cl #10-13 RT: 0.16-0.21 AV: 4 NL: 1.96E6
T: {0,0}  + c ESI corona sid=50.00  det=1188.00 Full ms [ 300.00-2000.00]
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Figure S53. ESI MS of 1 and 7 in acetonitrile-chloroform (1:1, v:v). 

hy-pyb2 #10-14 RT: 0.16-0.22 AV: 5 NL: 1.14E6
T: {0,0}  + c ESI corona sid=50.00  det=1188.00 Full ms [ 300.00-2000.00]
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Figure S54. ESI MS of 1 and 8 in acetonitrile-chloroform (1:1, v:v). 

hy-pyen #9-15 RT: 0.14-0.24 AV: 7 NL: 1.20E5
T: {0,0}  + c ESI corona sid=50.00  det=1188.00 Full ms [ 300.00-2000.00]
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Figure S55. ESI MS of 1 and 9 in acetonitrile-chloroform (1:1, v:v). 
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hy-c10+2py #11 RT: 0.17 AV: 1 NL: 9.10E3
T: {0,0}  + c ESI corona sid=50.00  det=1188.00 Full ms [ 200.00-2000.00]
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Figure S56. ESI MS of 1 and 10 in acetonitrile-chloroform (1:1, v:v). 

hy-b #10-14 RT: 0.16-0.22 AV: 5 NL: 8.99E5
T: {0,0}  + c ESI corona sid=50.00  det=1188.00 Full ms [ 300.00-2000.00]
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Figure S57. ESI MS of 1 and 11 in acetonitrile-chloroform (1:1, v:v). 
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6. Crystal structures and packing of the complexes 

 

Figure S58. View of packing of host 1. Solvent molecules and hydrogen atoms were omitted for clarity. 

 

Figure S59. Side (a) and top view (b) of the crystal structure of complex 1·32 with ellispoid plots. PF6
- 

counterions, and hydrogen atoms were omitted for clarity. 

 

Figure S60. Side (a) and top view (b) of the crystal structure of complex 1·42. PF6
- counterions, and 

hydrogen atoms were omitted for clarity. 
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Figure S61. Side (a) and top view (b) of the crystal structure of complex 1·42 with ellispoid plots. PF6
- 

counterions, and hydrogen atoms were omitted for clarity. 

(a) (b)

 
Figure S62. Side view (a) and (b) of the crystal structure of complex 1·52. PF6

- counterions, and hydrogen 

atoms were omitted for clarity. 

 

Figure S63. Side view (a) and (b) of the crystal structure of complex 1·52 with ellispoid plots. PF6
- 

counterions, and hydrogen atoms were omitted for clarity. 
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Figure S64. Side view (a) and (b) of the crystal structure of complex 1·62 with ellispoid plots. Solvent 

molecules, PF6
- counterions, and hydrogen atoms were omitted for clarity. 

 

Figure S65. Side view (a) and (b) of the crystal structure of complex 1·7 with ellispoid plots. PF6
- 

counterions, and hydrogen atoms were omitted for clarity. 

 

Figure S66. Side view (a) and (b) of the crystal structure of complex 1·8 with ellispoid plots. PF6
- 

counterions, and hydrogen atoms were omitted for clarity. 
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(a) (b)

 

Figure S67. Side view (a) and (b) of the crystal structure of complex 1·102. Solvent molecules, PF6
- 

counterions, and hydrogen atoms were omitted for clarity. 

 

Figure S68. Side view (a) and (b) of the crystal structure of complex 1·102 with ellispoid plots. Solvent 

molecules, PF6
- counterions, and hydrogen atoms were omitted for clarity. 

 

Figure S69. Side view (a) and (b) of the crystal structure of complex 1·11 with ellispoid plots. PF6
- 

counterions, and hydrogen atoms were omitted for clarity. 
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Figure S70. Crystal structures. Side view (a) and top view (b) of host 1. Side view (c) and top view (d) of 

complex 1·2b2 in the absence of guests. Side view (e) and top view (f) of complex 1·2d2 in the absence of 

guests. Hydrogen atoms were omitted for clarity. 
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Figure S71. Crystal structures of the complexes in the absence of guest(s). Side views of (a) complex 1·3, 

(b) complex 1·7, (c) complex 1·8, (d) complex 1·102 and (e) complex 1·11. Solvent molecules and 

hydrogen atoms were omitted for clarity. 
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7. K+ ion-controlled binding and releasing of the guests in the complexes 

 

Figure S72. Partial 1H NMR spectra (300 MHz, CD3CN/CDCl3= 1:1, v/v, 298K) of (a) free 6, (b) 1 and 

1.0 equiv. of 6, (c) to the solution of b was added 4.0 equiv. of KPF6, and (d) to the solution of c was 

added 6.0 equiv. of [18]-crown-6. [1]0 = 3.0 mM. 

 

Figure S73. Partial 1H NMR spectra (300 MHz, CD3CN/CDCl3= 1:1, v/v, 298K) of (a) free guest 11, (b) 

1 and 1.0 equiv. of 11, (c) to the solution of b was added 4.0 equiv. of KPF6, and (d) to the solution of c 

was added 6.0 equiv. of [18]-crown-6. [1]0 = 3.0 mM. 


