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Experimental

General experimental

All analytical grade solvents and reagents purchased from commercial sources were used without
further purification. Glyoxal was purchased from J&K Chemical Company Ltd., Shanghai China.
'H and 3C NMR analyses were performed using Bruker AVANCE III HD 600 MHz
spectrophotometer. Positive ions high-resolution mass analyses were performed on Bruker

micrOTOF II machine.

Synthesis of cavitand octa-amino hydrochloric acid salt (Cav-8NH;Cl)

A modified procedure was used as reported previously [1], 1, equivalent, 1.5 g of octa-nitro
cavitand was taken in 80 mL of ethanol and cooled to 0 °C in an ice bath. 35 mL of conc. HCI was
added slowly to it while keeping the mixture temperature at 0 °C. 120 Equivalents 28 g of tin(II)
chloride dihydrate was added slowly added to the mixture in several portions. The flask containing
the mixture was taken out from the ice bath, degassed and added with N three times and immersed
to an oil bath preheated at 110 °C. The mixture was stirred vigorously and maintained at these
conditions for 2 h. It was cooled to rt and octa-amino cavitand hydrochloric acid salt precipitate
was filtered from the cold reaction mixture, washed successively with cold (0 - 5 °C) 3N aq. HCI,
acetonitrile, ether and the solid recovered was dried under high vacuum. It was recovered in
quantitative yield and used in the next step without further purification. The analytical was similar

to that reported previously.

Synthesis of cavitand 2

8 Equivalents of K,CO;3 was dissolved in 30 % water/ethanol (40 mL for 0.2 mmol of Cav-
8NH;C) in a round bottom flask. 1 Equi. of octa-amino cavitand HCI salt was added to it with
vigorous stirring and the mixture was further stirred for 10 min at rt. 8 Equivalents of glyoxal (40%

solution in water) was added to it in one portion with constant stirring. The reaction mixture was
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stirred at rt, during this time the white solid suspension turned pale resulting in a yellowish white
solid precipitation. The mixture was stirred for 18 h to get maximum of the solid product. The
yellowish white solid was filtered and washed thoroughly with water and absolute ethanol. It was
pure enough (checked by "H NNR) to be used in further analysis or the next step of the reaction.
It was recovered in >90% yield. 'H NMR (400 MHz, chloroform-d) & 8.73 (s, 8H), 7.74 (s, 8H),
7.22 (s, 4H), 6.79 (s, 4H), 4.21 (t, J = 7.3 Hz, 4H), 3.53 (t, J = 6.0 Hz, 8H), 2.36 — 2.04 (m, 8H),
1.80 — 1.66 (m, 8H) ppm. 13C NMR (150 MHz, chloroform-d) & 154.2, 149.9, 144.4, 140.2, 131.6,
123.9, 118.3, 113.6, 44.6, 35.6, 30.1, 28.7 ppm. HR-MS (ESI): Calcd. for chemical formula

C7Hs,Cl4NgOg: 1296.2662, found: 1297.2734.

Synthesis of water soluble imidazolium functionalized cavitand (1)

80 mg of Cav-2 was taken in 10 mL 1-methylimidazole and heated at 90 °C for 18 h. The mixture
was cooled to rt and added with 30 mL of acetone, 50 mL n-hexane and cooled to 0 °C. A white
solid precipitated was filtered and washed with acetone. The recovered solid was further suspended
in 20 mL of acetone and heated at reflux (65 °C) for 6 h. The obtained suspension was cooled to
rt, filtered, washed further with cold acetone and dried under high vacuum. 84 mg (84%) of white
to light yellow solid product was recovered. 'H NMR (600 MHz, DMSO-ds)  9.52 (s, 4H), 8.7 (s,
8H), 8.59 (s, 8H), 8.22 (s, 4H), 8.15 (s, 4H), 8.10 (s, 4H), 7.81 (s, 4H), 5.55 (t, /= 8.1 Hz, 4H),
437 (t,J= 6.4 Hz, 8H), 3.92 (s, 12H), 2.86 — 2.74 (m, 8H), 1.84 — 1.78 (m, 8H) ppm. 1*C NMR
(150 MHz, DMSO-dy) 6 154.8, 154.2, 145.7, 141.2, 137.4, 135.9, 126.7, 124.0, 123.6, 123.1,
116.8, 49.7, 36.3, 34.2, 31.2, 28.4 ppm. HR-MS (ESI): Calcd. for chemical formula

CgsH76C14N 160g: 1624.4786, found: 1589.5091 [M-CI1]*, 777.2692 [M-2CI1]%".



TH NMR, 13C NMR spectra of the cavitands
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Mass (HR) spectra of cavitands

Analysis Info
Analysis Name

Method

D:\Data\2018MS\YY\0725\2_GB6_01_3088.d

Display Report

tune_wide_hcoona-10min.m

Acquisition Date  7/27/2018 7:47:42 AM

Operator gftang

Sample Name 2 Instrument / Ser#d  micrOTOF Il 10257
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 200C
Scan Begin 100 m/z Set Capillary 4500 V Set Dry Gas 4.0 limin
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste
Intens 1 +MS, 0.4-0.8min #(22-47)|
x10H
] 1299.2725
2.54
2.0
1.5
1.09
0.5
] 2579.5716
: G- 650:_1381 ‘\93%9270
' T T B0 BT 1500 2000 Tos00 | miz
Intens. 4 +MS, 0.4-0.8min #(22-47)
x104
1 1299.2725
2.5
Q'Oi 1300'27391301.2716
1 1297.2734
1-5; 1298.2765
] 1302.2731
1.0
] 1303.2707
0.54 1304.2740
1. 12963162 A 1305.27551306.2796 13073124
0.0 C72H52N808CI4, M+nH 1297 27|
3000
g 1299.2725
20001
] 1300.2740
] 1297 2735 13012652
] 1298.2768
10004 1302.2711
] 1303.2741
] A 130‘}%5681 1305.2714
1298 1298 ‘ 1300 1302 ‘ 1304 ‘ 1306 ‘ miz
Bruker Compass DataAnalysis 4.0 printed: 7/27/2018 7:50:24 AM Page 1 0f 1

Fig. S6 Mass spectrum of 2



Display Report

Analysis Info
Analysis Name  D:\Data\2018MS\YY\0725\3_GB7_01_3090.d

Acquisition Date  7/27/2018 7:54:50 AM

Method tune_wide_hcoona-10min.m Operator gftang
Sample Name 3 Instrument / Ser#  micrOTOF I 10257
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 200 T
Scan Begin 100 m/z Set Capillary 4500 V Set Dry Gas 4.0 Vmin
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste
Intens. +MS, 0.3min #20
X105
741.7934
1.5
1.0 1591.5080
0.57
0.0 " g s sl
500 1000 1500 2000 2500 miz
Intens. +MS, 0.3min #20
x108
E 1591.5080
0.81 1592.5094
1590.5101
1589.5091
0.6 1583.5063
0.4 1594.5078
0.2 1595.5086
1596.5116 1599.5406
0.0 TAS
' C88H76N1608CI3, M ,1589.51
3000 1691.5069
1592.5098
] 1589.50921590.5125
2000 1593.5125
6] 1594.5069
1595.5100
A 1596.5133
T T T T T T T T T A T T T T
1588 15690 1592 1594 1596 1598 1600m/z
Bruker Compass DataAnalysis 4.0 printed: 7/27/2018 8:01:22 AM Page 1 of 1

Fig. S7 Mass spectrum of 1 cationic specie formed by the loss of one CI.



Display Report

Analysis Info

Analysis Name

Method
Sample Name
Comment

Acquisition Date  7/27/2018 7:54:50 AM

D:\Data\2018MS\YY\0725\3_GB7_01_3090.d
tune_wide_hcoona-10min.m Operator gftang

Instrument / Ser#¥  micrOTOF I 10257

Acquisition Parameter

Saurce Type
Focus

Scan Begin
Scan End

ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Not active Set Dry Heater 200 C
100 m/z Set Capillary 4500V Set Dry Gas 4.0 I/min
3000 m/iz Set End Plate Offset -500 vV Set Divert Valve Waste

Intens. |
x10%

0.57

0.0-

+MS, 0.3min #20

741.7934

15691.5080

500 " 1000 1500 2000 2500 miz

Intens. |
x105]

1.0:
0.8:
0.6;
0.4:
0.2:

+MS, 0.3min #20
778.2699

777.2692 777.7705
778.7705

779.2692

779.7699

780.2703 782.2853
/L _/A\__ 780.7765 Al

0.07
2500;
2000%
1500;
1000;

500

C88H76N1608CI2, M ,1554.54

778.2689

777.2699 777.7715
778.7702
779.2717
779.7688
//\\ 78027037807720
77 7s

781 T T mk

Bruker Compass DataAnalysis 4.0 printed: 7127/2018 8:01:47 AM Page 1 of 1

Fig. S8 Mass spectrum of 1, dicationic specie formed by the loss of two Cl.



TH NMR spectra of 1 (water soluble cavitand) in different solvents
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NMR spectra of 1 in water in the presence of different binding guests

I mM, 0.5 mL of 1 was taken in NMR tube and excess pure guest was added to the tube, it was
shaken well to mix the guest in water. The sample was sonicated for 1 h and the '"H NMR
spectroscopic analysis was performed.

A single peak for all protons of each cyclic alkane guest was observed which showed that the guest

is not fixed and rotating constantly in the cavity.
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Fig. S11 'H spectrum of 1 in D,0 in the presence of excess cyclohexane guest at rt
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NMR spectra of 1 in water in the presence of small organic acid
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1 mM solution of 1 in D,0, sonicated for 1 h and analyzed by 'H NMR at rt. Numbering represent the peaks assigned to each
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NMR spectra of 3 in water in the presence of different binding guests

I mM, 0.5 mL of 3 was taken in NMR tube and excess pure guest was added to the tube, it was
shaken well to mix the guest in water. The sample was sonicated for 1 h and the 'H NMR

spectroscopic analysis was performed.

R = —(CHy)a—N7 N Me 3 + Guest 3 + Guest cartoon
CI—\;J

|
g;bblLLLu_Jth_,;J\_j “\\__.Jk_r\/\./ i_/lu L‘LA_J‘J i

&
e Y
o/

-
G|
!

oy

80 75 70 65 60 55 50 45 40 35 SF?F’MZS 20 15 10 05 00 -05 -10 15 -20 -25

Fig. S21 3 in D,0 and binding guests from bottom to top; 3 + cyclohexane, 3 + cycloheptane, 3 + cyclooctane, 3 + cyclodecane,
excess of pure guest was added to 0.5 mL, 1 mM solution of 3 in D,0, sonicated for 1 h and analyzed by 'H NMR at rt.
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Effect of decrease in pH on vase-kite form of 1

The effect of decrease in pH was checked for water soluble cavitand 1 in it’s vase form in the presence of
guest (cyclohexane) and kite form in the absence of guest in D,O by '"H NMR spectroscopy (Fig. S32). 1
showed no changes in its conformations showing no effect of decrease in pH on its vase conformation.
Similarly, in D,0O in the absence of guest the kite conformation of 1 also remain the same as no changes
were observed in the protons chemical shifts of the particular conformation. We observed slight changes in
the quinoxaline protons chemical shifts showing the protonation of the nitrogen atoms but this protonation
did not affect the particular conformation of the 1. From these experimental results, we concluded that the
water-soluble cavitand both conformations could not be affected by the changes in pH showing resistance
to pH mediated conformational changes that is unlikely to the previously reported cavitand by Crams and

co-workers.
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Fig. S32 Effect of pH on vase-kite forms of water soluble 1: NMR spectrum from bottom to top 1) 1 in D,O 2) 1 in D,O (1.2 mM)

added with conc. HC1 10 pL (230 mM) and analyzed after 1 h 3) 1 in D,O (1.2 mM) + cyclohexane sonicated for 1 h and added
with conc. HC1 10 pL (230 mM) and analyzed after 1 h 4) 1 in D,O (1.2 mM) + cyclohexane sonicated 1 h.
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