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All reagents were used as received from commercial sources, without further purification. The ligand cis,cis-1,3,5-
triaminocyclohexane was synthesised according to literature methods.”'

1H and 13C NMR spectra were recorded at room temperature, unless otherwise stated, on a Bruker DPX-400 spectrometer
in d¢-DMSO and CDCl;. Mass spectra were obtained using a Bruker Microtof-Q in ESI mode in methanol and chloroform.

The 'H NMR and MS studies were undertaken in two different solvents. Due to proton exchange in 1H NMR experiments
ds-DMSO had to be used to observe the amide shift, whilst methanol was used in the mass spectrometry studies. d¢-DMSO
was the NMR solvent of choice for the experiment with receptor 1, even though it is a polar aprotic solvent and therefore a
good hydrogen-bond acceptor, due to its ability to solvate both the neutral ligand and the negatively charged anion.
Methanol was used to solvate receptor 1 and anion in the mass spectrometry experiments as the solvent was evaporated off
prior to entering the capillary and so would not interfere with the results.

Synthesis of receptor (1) —

Cis-tach (100 mg, 0.77 mmol) was dissolved in MeOH (20 mL) and to this triethylamine (545 mg, 5.39 mmol) was added.
Acetic anhydride (236 mg, 2.31 mmol) was then added and the reaction refluxed for 24 hrs. The resulting solution was
then concentrated in vacuo to give a white solid. The excess triethylamine was then removed by redissolving the solid in
water and then again concentrating in vacuo to give the final product. '"H NMR (d-DMSO): 8/ppm 1.02 (m, 3H), 1.78 (m,
9H), 1.93 (m, 3H), 3.58 (m, 3H), 7.92 (d, NH); C NMR (D,0): 8/ppm 23.2 (CH3), 36.3 (CH,), 45.3 (CH), 181.5 (C=0);
IR (Golden Gate) v /cm-1 3410(w), 3279(m), 3063(w), 2939(w), 2854(w), 1635(m), 1597(m), 1543(s), 1373(s), 1296(m),
1172(w), 1134(w), 1064(w), 1018(w), 972(wW), 925(w), 802(w), 709(s), 671(s), 640(s). ESI-MS (-ve) m/z 254 [M-H]

MS parameters —

The experiments were carried out at 30°C at concentrations of 10 mol L™ in methanol using a Bruker MicrOTOF-Q
instrument. The calibration solution used was Agilent ESI-L low concentration tuning mix solution, Part No. G1969-
85000, enabling calibration between approximately 50 m/z and 2000 m/z. Samples were dissolved in CH;OH and
introduced into the MS at a dry gas temperature of 30 °C.

For 1 reacted with KC1/ KBr/ KI -

The ion polarity for all MS scans recorded was negative, with the voltage of the capillary tip set at 4500 V, end plate offset
at -500 V, funnel 1 RF at 400 Vpp and funnel 2 RF at 400 Vpp, hexapole RF at 400 Vpp, ion energy 5 eV, collision
energy at 10 eV, collision cell RF at 200 Vpp, transfer time at 100.0 ps and the pre-pulse storage time at 10.0 ps. Each
spectrum was collected for 2 mins.

For 12-crown-4 reacted with Li and Na —

The ion polarity for all MS scans recorded was negative, with the voltage of the capillary tip set at 4000 V, end plate offset
at -500 V, funnel 1 RF at 200 Vpp and funnel 2 RF at 400 Vpp, hexapole RF at 400 Vpp, ion energy 5 eV, collision
energy at 10 eV, collision cell RF at 200 Vpp, transfer time at 100.0 ps and the pre-pulse storage time at 10.0 us. Each
spectrum was collected for 2 mins.

For 2,2’-bipyridine reacted with Co(NO;),.6H,0 -

The ion polarity for all MS scans recorded was negative, with the voltage of the capillary tip set at 4500 V, end plate offset
at -500 V, funnel 1 RF at 300 Vpp and funnel 2 RF at 400 Vpp, hexapole RF at 400 Vpp, ion energy 5 eV, collision
energy at 5 eV, collision cell RF at 100 Vpp, transfer time at 100.0 ps and the pre-pulse storage time at 10.0 ps. Each
spectrum was collected for 2 mins.

Job plot analysis of 1 reacted with KC1/ KBr/ KI using ESI-MS—

Standard solutions (0.02 M) of 1 and the salt (KCI/KB1/KI) were made up in methanol and 18-crown-6 (2 g, 7.56 mmol)
dissolved in each solution to remove any unwanted Na still present. Varying ratios of each solution were then taken and
mixed together (with the overall concentration remaining the same) e.g. 1 mL of 1 solution mixed with 9 mL of the salt
solution, 2 mL of 1 solution mixed with 2 mL of the salt solution, 3mL of 1 solution mixed with 7 mL of the salt
solution....9mL of 1 solution mixed with 1 mL of the salt solution. ESI-MS of the reaction mixtures was then observed
and the intensity of the corresponding peak recorded. The recorded change in intensity multiplied by the mole fraction
([Host]/[Host]+[Guest]) was then plotted against mole fraction to give a maximum value at 0.5 mole fraction and therefore
a stoichiometry of 1:1 (1:A). ESI-MS (-ve) 1:Cl m/z 290.1, 1:Br m/z 334.1, 1:1 m/z 382.1.
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Job plot analysis of 1 reacted with KCI/ KBr/ KI using 'H NMR -

Standard solutions (0.02 M) of 1 and the salt (KCI/KBr/KI) were made up in d-DMSO. Varying ratios of each solution
were then taken and mixed together (with the overall concentration remaining the same) e.g. 1 mL of 1 solution mixed
with 9 mL of the salt solution, 2 mL of 1 solution mixed with 2 mL of the salt solution, 3mL of 1 solution mixed with 7
mL of the salt solution....9mL of 1 solution mixed with 1 mL of the salt solution. 'H NMR experiments were carried out
for each of the mixtures and the free receptor. A plot of A (where Ad = the shift of the receptor-(shift of the receptor +
guest) multiplied by the mole fraction was then plotted against mole fraction (where the mole fraction is
[Host]/[Host]+[Guest]).

Job plot analysis of 2 using ESI-MS—

Standard solutions (0.02 M) of 2,2"-bipyridine and Co(NOs3),.6H,0 were made up in methanol. Varying ratios of each
solution were then taken and mixed together (with the overall concentration remaining the same) e.g. 1 mL of the 2,2’-
bipyridine solution mixed with 9 mL of the salt solution, 2 mL of the 2,2 -bipyridine solution mixed with 2 mL of the salt
solution, 3mL of the 2,2 -bipyridine solution mixed with 7 mL of the salt solution....9mL of the 2,2"-bipyridine solution
mixed with 1 mL of the salt solution. ESI-MS of the reaction mixtures was then observed and the intensity of the
corresponding peak recorded. The recorded change in intensity multiplied by the mole fraction ([Host]/[Host]+[Guest])
was then plotted against mole fraction to give a maximum value at 0.67 mole fraction and therefore a stoichiometry of 2:1
(Receptor: Metal). ESI-MS (+ve) [Co(CoHsN,),(NO;)]" m/z 433.1.

Job plot analysis of 12-crown-4 reacted with Li using ESI-MS—

Standard solutions (0.02 M) of 12-crown-4 and LiCl were made up in chloroform. Varying ratios of each solution were
then taken and mixed together (with the overall concentration remaining the same) e.g. 1 mL of 12-crown-4 solution
mixed with 9 mL of the salt solution, 2 mL of 12-crown-4 solution mixed with 2 mL of the salt solution, 3mL of 12-
crown-4 solution mixed with 7 mL of the salt solution....9mL of 12-crown-4 solution mixed with 1 mL of the salt
solution. ESI-MS of the reaction mixtures was then observed and the intensity of the corresponding peak recorded. The
recorded change in intensity multiplied by the mole fraction ([Host]/[Host]+[Guest]) was then plotted against mole
fraction to give a maximum value at 0.5 mole fraction and therefore a stoichiometry of 1:1 (12-crown-4:Li). ESI-MS (-ve)
[CsH,04Li]" m/z 183.1.

Job plot analysis of 12-crown-4 reacted with Li using '"H NMR -

Standard solutions (0.02 M) of 12-crown-4 and LiCl were made up in CDCl;. Varying ratios of each solution were then
taken and mixed together (with the overall concentration remaining the same) e.g. 1 mL of 12-crown-4 solution mixed
with 9 mL of the salt solution, 2 mL of 12-crown-4 solution mixed with 2 mL of the salt solution, 3mL of 12-crown-4
solution mixed with 7 mL of the salt solution....9mL of 12-crown-4 solution mixed with 1 mL of the salt solution. 'H
NMR experiments were carried out for each of the mixtures and the free receptor. A plot of Ad (where Ad = the shift of the
receptor-(shift of the receptor + guest) multiplied by the mole fraction was then plotted against mole fraction (where the
mole fraction is [Host]/[Host]+[Guest]).

Job plot analysis of 12-crown-4 reacted with Na using ESI-MS—

Standard solutions (0.02 M) of 12-crown-4 and NaCl were made up in chloroform. Varying ratios of each solution were
then taken and mixed together (with the overall concentration remaining the same) e.g. 1 mL of 12-crown-4 solution
mixed with 9 mL of the salt solution, 2 mL of 12-crown-4 solution mixed with 2 mL of the salt solution, 3mL of 12-
crown-4 solution mixed with 7 mL of the salt solution....9mL of 12-crown-4 solution mixed with 1 mL of the salt
solution. ESI-MS of the reaction mixtures was then observed and the intensity of the corresponding peak recorded. The
recorded change in intensity multiplied by the mole fraction ([Host]/[Host]+[Guest]) was then plotted against mole
fraction to give a maximum value at 0.5 mole fraction and therefore a stoichiometry of 1:1 (12-crown-4:Li). ESI-MS (-ve)
[CsH,404Li]" m/z 199.1.

Job plot analysis of 12-crown-4 reacted with Na using '"H NMR -

Standard solutions (0.02 M) of 12-crown-4 and NaCl were made up in CDCl;. Varying ratios of each solution were then
taken and mixed together (with the overall concentration remaining the same) e.g. 1 mL of 12-crown-4 solution mixed
with 9 mL of the salt solution, 2 mL of 12-crown-4 solution mixed with 2 mL of the salt solution, 3mL of 12-crown-4
solution mixed with 7 mL of the salt solution....9mL of 12-crown-4 solution mixed with 1 mL of the salt solution. 'H
NMR experiments were carried out for each of the mixtures and the free receptor. A plot of Ad (where Ad = the shift of the
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receptor-(shift of the receptor + guest) multiplied by the mole fraction was then plotted against mole fraction (where the
mole fraction is [Host]/[Host]+[Guest]).
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Figure S1. "H NMR (dg-DMSO) job plot of 1 + Cl showing a 1:1 (R:CI) stoichiometry and tabulated NMR data of 1 +
KCI showing the actual shift (ppm) of the NH peak, Ad (where Ad = the shift of the receptor-(shift of the receptor + guest))
and Ad multiplied by mole fraction.
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Figure S2. MS (CH;0H) job plot of 1 + Cl showing a 1:1 (1:CI') stoichiometry and tabulated MS data of 1 + KCl showing
the intensity of the [C¢H,N3(C,H;0);CI] (290.1 m/z) peak and intensity multiplied by mole fraction.
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Figure S3. A. "H NMR (d¢-DMSO) job plot of 1 + Br showing a 1:1 (1:Br) stoichiometry; B. MS (methanol) job plot of 1
+ Br showing a 1:1 (1:Br’) stoichiometry; tabulated data from NMR and MS experiments.
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Figure S4. A. "H NMR (ds-DMSO) job plot of 1 + I showing a 1:1 (1:I) stoichiometry; B. MS (methanol) job plot of 1 + I
showing a 1:1 (1:I') stoichiometry; tabulated data from NMR and MS experiments.
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Figure S5. A. "H NMR (d;-CD;0H) job plot of 1 + KC1 showing a 1:1 (1:I) stoichiometry
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Figure $6. A. "H NMR (CDCl;) job plot of 12-crown-4 + Li showing a 1:1 (12-crown-4:Li) stoichiometry; B. MS (CHCL)
job plot of 12-crown-4 + Li showing a 1:1 (12-crown-4:Li) stoichiometry; tabulated data from NMR and MS experiments.
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Figure S7. A. "H NMR (CDCl;) job plot of 12-crown-4 + Na showing a 2:1 (12-crown-4:Na) stoichiometry; B. MS
(CHC1,) job plot of 12-crown-4 + Na showing a 2:1 (12-crown-4:Na) stoichiometry; tabulated data from NMR and MS
experiments.
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