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1. General information and instruments

Reagents were obtained from commercial suppliers and used without further purification unless otherwise stated. All solvents
were commercially obtained and used without further purification except pyrrole which was distilled and freshly used. Dry
solvents were taken from a solvent system MB SPS 800. THF was dried, distilled and degassed by three freeze-pump-thaw
cycles before used in the cross-coupling reactions. Routine 'H NMR and '*C{'H} NMR spectra were recorded on a Bruker
Avance 300 (300 MHz for '"H NMR and 75 MHz for '*C NMR), Bruker Avance 400 (400 MHz for '"H NMR and 100 MHz
for *C NMR), Bruker Avance 500 (500 MHz for 'H NMR and 125 MHz for *C NMR) or Bruker Avance 500 with cryoprobe
(500 MHz for 'H NMR and 125 MHz for '3C NMR). Deuterated solvents used are indicated in the characterization and
chemical shifts are given in ppm. Residual solvent peaks were used as reference.! All NMR J values are given in Hz. COSY,
NOESY, ROESY, HMQC and HMBC experiments were recorded to help with the assignation of 'H and '*C signals. High-
resolution mass spectra (HRMS) were obtained on a Bruker HPLC-TOF (MicroTOF Focus) and Bruker HPLC-QqTOF
(MaXis Impact). Both with ESI as ionization mode. IR spectra were recorded on a Bruker Optics FTIR Alpha spectrometer
equipped with a DTGS detector, KBr beam splitter at 4 cm™! resolution using a one bounce ATR accessory with diamond
windows. Melting points were measured on a MP70 Melting Point System Mettler Toledo instrument. ITC titrations were
carried out on a Microcal VP-ITC MicroCalorimeter. Column chromatography purifications were performed with silica gel
technical grade, pore size 60 A, 230-400 mesh particle size, 40-63 pum particle size and Thin layer chromatography (TLC)
analyses on silica gel 60 F254.

2. Synthesis and characterization data
2.1 Tetra-acid aryl-extended calix[4]pyrrole 4a
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Scheme S 1. Synthesis of water-soluble calix[4]pyrrole 4a

Tetra-ester calix[4]pyrrole 6a: A solution of methyl 5-oxo-5-phenylpentanoate 7a* (1g, 5 mmol, 1 equiv.) in dry CH,Cl,
(16 mL) was stirred under argon atmosphere and protected from the light by covering the flask with aluminum foil. Then,
HCI 37% (0.3 mL, 0.01 mmol, 2 equiv.) was added dropwise to the solution. Finally, freshly distilled pyrrole (0.3 mL, 5
mmol, | equiv.) was added slowly for Smin. The reaction was stirred under argon atmosphere at room temperature for 3 days.
After, that the solution mixture was diluted with 20 mL of CH,Cl, and washed with Na,COs; (2x20 mL), brine (1x20 mL) and
water (1x20 mL). The organic layer was dried (Na;SOs), filtered and concentrated to dryness. The crude was purified by
column chromatography on silica gel (50g, 80:18:2 CH,Cl,:Hexane:MTBE) affording the tetra-o 6a as white solid.
Compound 6a was recrystallized from 3:2 CH;0H:CH>Cl, (137 mg, 11%). Rf = 0.25 (80:18:2 CH,Cly:Hexane: MTBE). 'H
NMR (500 MHz, CDCl3, 298 K): 8 (ppm) = 7.93 (s, 4H); 7.24-7.12 (m, 20H ); 5.83 (d, J =2.34 Hz, 8H ); 3.63 (s, 12H );
2.38-2.32 (m, 8H ); 2.30 (t, J = 7.01 Hz, 8H); 1.63 (m, 8H ). *C{'H} NMR (125 MHz, 298K, CDCl;): & (ppm) = 174.4;
145.5; 135.6; 128.9; 127.4; 126.6; 106.4; 51.6; 49.2; 38.8; 33.7. HRMS (ESI-TOF) m/z: [M+Na] * Calcd for CssHgsN4NaOsg
1043.4929; Found 1043.4928. FTIR v (cm™): 3370; 2949; 1734; 1708; 1437; 1202; 1175; 764; 703. M.p.106.4°C.
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Figure S 1. 'H NMR (500 MHz, CDCl;, 298 K) spectrum of compound 6a. See Scheme S 1 for proton assignment. *Residual
solvent peak
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Figure S 2. *C{'H} NMR (125 MHz, CDCl;, 298 K) spectrum of 6a. See Scheme S 1 for carbon assignment. *Residual
solvent peak.

Tetra-acid calix[4]pyrrole 4a: Tetra-ester aryl-extended calix[4]pyrrole 6a (100 mg, 0.1 mmol, 1 equiv.) was dissolved in
THF (30 mL). LiOH (23.4 mg, 0.98 mmol) was dissolved in water (10 mL) and added to the above solution. The mixture
was stirred at 40°C for 24 h. After that, THF was removed and the aqueous layer was transferred to a separatory funnel and
washed with CH,Cl, (30 mL). Then, the aqueous phase was acidified with 1 N HCI until pH = 3 and the white precipitate
was extracted with EtOAc (3x30 mL). The organic phase was dried with Na,SOs, filtered and concentrated affording the
product as a white solid (84 mg, 94% yield). '"H NMR (500 MHz, (CD5),CO, 298 K): & (ppm) = 9.14 (s, 4H); 7.30 (t, ] =
7.21Hz, 8H); 7.12 (t, J = 7.21 Hz, 4H); 6.91 (d, J = 7.21 Hz, 4H); 5.97 (d, J = 2.37 Hz, 8H); 2.24 (m, 8H); 2.11 (t, J = 7.40
Hz, 8H); 1.14 (m, 8H). 3C{'H} NMR (125 MHz, 298K, (CD;),CO): & (ppm) = 174.4; 146.1; 136.6; 128.4; 128.1; 126.7;
104.5; 59.8; 47.6; 33.7; 30.7. HRMS (ESI-TOF) m/z: [M-H] Calcd for C¢oHsoN4Os 963.4338; Found 963.4323. FTIR v (cm
N:3418;2921; 1701; 1422; 1290; 1205; 756; 707. M.p. > 150°C (decompose).

b
d
c *
j e

J T T

T
9 8 7 6 5 4 3 2 1 ppm

A\
\Y
\

Figure S 3. 'H NMR (500 MHz, (CDs),CO, 298 K) spectrum of compound 4a. See Scheme S 1 for proton assignment.
*Residual solvent peak
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Figure S 4. 3C{'H} NMR (125 MHz, (CD;),CO, 298 K) spectrum of 6a. See Scheme S 1 for carbon assignment. *Residual
solvent peak.

2.2 Tetra-acid aryl-extended calix[4]pyrrole 4b
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Scheme S 2. Synthesis of water-soluble calix[4]pyrrole 4b

Tetra-a tetra-ester 6b aryl-extended calix[4]pyrrole was synthesized following a procedure described by our research group.?

Tetra-acid calix[4]pyrrole 4b: Tetra-ester aryl-extended calix[4]pyrrole 6b (30 mg, 0.025 mmol, 1 equiv.) was dissolved in
a mixture of THF: 3M NaOH (1:1) (10 mL). The reaction was refluxed for 3h. After that, the THF was removed, and the
aqueous phase was washed with DCM (10 mL). Then, the aqueous phase was acidified with 1N HCI and a brown solid
precipitated. The solid was collected by centrifugation and washed with DCM (2x5mL). Finally, the compound was dried
under vacuum obtaining a pale brown solid (24 mg, 88% yield). 'H NMR (400 MHz, (CD5),CO, 298 K): & (ppm) = 8.66 (s,
4H); 8.01 (s, 8H); 6.16 (t, J = 4.05 Hz, 1H); 6.08 (d, J = 2.41 Hz, 8H); 6.08 (d, J = 2.41 Hz, 8H); 2.37 (m, 8H); 2.27 (t, ] =
7.40 Hz, 8H); 1.47 (m, 8H). *C{'H} NMR (100 MHz, 298K, (CD;),CO): 8 (ppm) = 173.8; 157.2; 149.1; 136.9; 108.5; 104.8;
101.6; 48.3; 39.7; 33.6; 20.8. HRMS (ESI-TOF) m/z: [M-H"] Calcd for CsoHs9N4O16 1091.3917; Found 1091.3932.
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Figure S 5. '"H NMR (400 MHz, (CD5),CO, 298 K) spectrum of compound 4b. See Scheme S 2 proton assignment. *Residual
solvent peak
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Figure S 6. *C{'H} NMR (100 MHz, (CD5),CO, 298 K) spectrum of 4b. See Scheme S 2 for carbon assignment. *Residual
solvent peak.

3. NMR binding studies

For reverse titrations a solution of the host (1-2.5 mM) was prepared in 0.01 M borate/sodium hydroxide buffer in D,O (pD
~ 10) and 0.01 M NacCl. Subsequently, 0.5 mL of the solution were placed in an NMR tube. A solution of the guest was
prepared at 8-10-fold higher concentration using the host’s solution ([G] = 8-20 mM and [H] = 1-2.5 mM). Immediately, the
0.5 mL of the host solution was titrated by manually injecting incremental amounts of the titrant’s solution using a Hamilton
Glass micro syringe. For the direct titrations the maximum concentration of the calix[4]pyrrole was 2.5-3 mM due to
solubility reasons. We performed the direct titrations to determine the chemical shift values of the protons signals of the
methyl and methylene protons of the tetraalkylammonium cations in the 1:1 complex and compare them with those obtained
in the reverse titrations. Not surprisingly, in the direct titrations the proton signals of the alkylammonium cations (increase
% of free) moved in opposite direction to that observed in the reverse titration (increase % of bound). A '"H NMR spectrum
of the mixture was acquired after each injection and vigorous hand shaking of the NMR tube and sonication for few seconds
was performed.

The titrations data were mathematically analyzed using the HypNMR 2008 software and a 1:1 theoretical binding model. For
the determination of the binding constants (Ka) we exclusively selected proton signals belonging to the binding partner placed
initially in the NMR tube (B-Pyrroles/ortho or -CH3/-CH,- protons). We fixed the value of the chemical shift for the protons
of the free species initially placed in the NMR tube and calculated the log B by manually adjusting the fit of the experimental
data to a 1:1 model in order to obtain the minimum sigma value. Next, we fixed the determined Ka value and the chemical
shift of the free added species and fit the chemical shift changes of this species to a 1:1 binding model. The fit returned the
chemical shift value for the protons in the bound species. We determined the complexation induced shift (CIS) value by
subtracting the chemical shift value of the bound species returned from the fit from that of the free species.

3.1 'H NMR spectroscopic titration experiments free tetra-acid C[4]P 4a
3.1.1 '"H NMR spectroscopic titration experiments leading to G1c4a
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Figure S 7. Line-drawing structure of tetramethylammonium chloride guest (G1)
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Figure S 8. 'H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of
tetramethylammonium chloride G1. *Residual solvent peaks

S5



Reverse titration: addition of incremental amounts of G1 to a 4a solution - Glc4a
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Figure S 9. Selected regions of "H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of tetra-acid 4a with
TMACI G1: a) 0; b) 0.5; ¢) 1.0; d)1.5; e) 2.0 and f) 2.5 equiv. of G1. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1 and
Figure S 7 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 10. Fit of the NMR titration data (signal b, B-pyrrole proton) to a 1:1 binding model (black line). The fit returned
K, (Glcd4a) =2.3 x 10> M. The speciation shows the concentration (%) of free tetra-acid 4a (green line) and 1:1 complex
(blue line) throughout the titration.

Table S 1. Chemical shifts of the proton signals of free and bound 4a/ G1 of the G1—4a (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 3.11 2.45 -0.66
H-ortho (Hc) 7.07 7.04 -0.03
B-pyrrole (Hb) 5.90 5.99 0.09
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Direct titration: addition of incremental amounts of 4a to a G1 solution - G1c4a
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Figure S 11. Selected regions of 'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of TMACI G1 with
tetra-acid 4a : a) 0; b) 0.11; ¢) 0.24; d) 0.36; ¢) 0.48; £) 0.57 and g) 0.72 equiv. of 4a. Primed letters and numbers correspond to proton signal of bound components. See Scheme
S 1 and Figure S 7 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 12. Fit of the NMR titration data (signal 1°, -CH3 proton) to a 1:1 binding model (black line). Owing to the reduced
formation of the complex we did not considered the K, and CIS values from the fit as reliable and accurate. The speciation
shows the concentration (%) of free G1 (green line) and 1:1 complex (blue line) throughout the titration.
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3.2 'H NMR spectroscopic titration experiments Gxc(5@4a)
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Figure S 13. Line-drawing structure of pyridine N-oxide (PNQO)
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Figure S 14. '"H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of pyridine N-oxide (PNO) 5. *Residual solvent peaks
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3.2.1'H NMR spectroscopic titration experiments 5@4a
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Figure S 15. 'H NMR (400 MHz, D,0O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of tetra-acid 4a with pyridine N-oxide

(5): 2) 0; b) 0.6; c¢) 1.2; d) 2.0 and ¢) 3.0 equiv. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1 and Figure S 14 for proton
assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks
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3.2.2 '"H NMR spectroscopic titration experiments leading to G1c(PNO@4a)
Reverse titration adding incremental amounts of G1 to a solution of PNO@4a
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Figure S 16. 'H NMR (400 MHz, D,0O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of PNO@4a (1.3 equiv. of PNO) with
G1: a) 0; b) 0.5; ¢) 1.0; d)1.5; e) 2.0; ) 3.0; g) 4.0 and h) 5.8equiv. of G1. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1,
Figure S 7 and Figure S 13for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 17. Fit of the NMR titration data (signal b, B-pyrrole proton) to a 1:1 binding model (black line). The fit returned
K, (G1c(PNO@4a) = 4.4 x 103 M"!. The speciation shows the concentration (%) of free PNO@4a (green line) and the 1:1
complex (blue line) throughout the titration.

Table S 2. Chemical shifts of the proton signals of free PNO@4a/G1 and bound in the G1c(PNO@4a) (J, ppm) complex
and the calculated complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 3.096 2.00 -1.10
H-ortho (He) 6.90 6.93 0.03
B-pyrrole (Hb) 6.08 6.12 0.04
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Direct titration: addition of incrementa amounts of 5@4a to a solution of G1 - Glc(5@4a)
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Figure S 18. 'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.2 equiv. of 5) with G1: a) 0;
b) 0.5; ¢) 1.0; d) 2.0 and ¢) 2.5 equiv. S@4a. Primed letters and numbers correspond to proton signal of bound components. See Figure S 7, Figure S 13 and Scheme S 1 for
proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 19. Fit of the NMR titration data (signal 1°, -CHj; proton) to a 1:1 binding model (black line). The fit returned K,
(Glc(5@4a)) = 2.8 x 10° M. The speciation shows the concentration (%) of free G1 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 3. Chemical shifts of the proton signals of free and bound G1 in the G1=(5@4a) (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)

1 3.10 1.47 -1.63
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3.2.3 '"H NMR spectroscopic titration experiments leading to G2c(5@4a)
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Figure S 20. Line-drawing structure of tetracthylammonium chloride guest (G2)
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Figure S 21. 'H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of tetracthylammonium chloride (G2). *Residual
solvent peaks
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Reverse titration: incremental addition of G2 to a solution of 5@4a - G2c(5@4a)
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Figure S 22.'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.4 equiv. of 5) with G2: a) 0;
b) 0.5; ¢) 1.0; d) 1.5; e) 2.0; f) 3.0; g) 4.0 and h) 5.5equiv. of G2. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13
and Figure S 21 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 23. Fit of the NMR titration data (signal b, B-pyrrole proton) to a 1:1 binding model (black line). The fit returned
K. (G2c(5@4a)) = 7.4 x 10> M. The speciation shows the concentration (%) of free S@4a (green line) and 1:1 complex
(blue line) throughout the titration.

Table S 4. Chemical shifts of the proton signals of free and bound 5@4a/G2/ G2c(5@4a) (6, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 3.10 2.00 -1.10
2 1.18 0.44 -0.74
H-ortho (Hc) 6.90 6.88 -0.02
B-pyrrole (Hb) 6.08 6.10 0.00
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Direct titration : incremental additions of 5@4a to a G2 solution - G2c(5@4a)
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Figure S 24. '"H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of S@4a (1.2 equiv. of 5) with G2: a)
0;b) 0.5; ¢) 1.0; d) 2.0 and e) 2.5 equiv. 5@4a. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13and Figure S 21 for
proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 25. Fit of the NMR titration data (signal 1°, -CH, proton) to a 1:1 binding model (black line). The fit returned K,

(G2c(5@4a)) = 7.2 x 10?> M"!. The speciation shows the concentration (%) of free G2 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 5. Chemical shifts of the proton signals of free and bound G2 of the G2 (5@4a) (J, ppm) and complexation-
induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 3.17 2.11 -1.06
2 1.18 0.46 -0.72

Figure S 25 shows the theoretical speciation profile of the titration of guest G2 with complex S@4a to form (G2c(5@4a)
complex (60%) considering Ka (G2<(5@4a) = 7.2 x 10> M'". To have an accurate measurement the complex formation
should reach at least a formation of 80%. Nevertheless, the K, and CIS values are in agreement with the reverse titrations.
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3.2.4 "H NMR spectroscopic titration experiments leading to G3c(5@4a)
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Figure S 26. Line-drawing structure of tetrapropylammonium chloride guest (G3)

* .S

_—
=

e s |

I I I I I I I I I

I I
10 9 8 7 6 5 4 3 2 1 0 ppm

Figure S 27. 'H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of tetrapropyl ammonium chloride (G3). Sodium 3-
(trimethylsilyl)-1-propanesulfonate (I.S.) *Residual solvent peaks
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Reverse titration: incremental addition of G3 to a solution of 5@4a - G3c(5@4a)
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Figure S 28. 'H NMR (400 MHz, D;O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1 equiv. of 5) with G3: a) 0;
b) 0.5; ¢) 1.0; d) 2.0 and ¢e) 5.0 equiv. of G3. Primed letters and numbers correspond to proton signal of bound components. See Figure S 15 and Figure S 27 for proton

assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.

The binding with TPACI (G3) did not show significant chemical shift changes data to determine an accurate binding constant from the fit to a theoretical
binding model.
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Direct titration: incremental addition of S@4a to a solution of G3 - G3c( 5@4;1)
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Figure S 29. '"H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.5 equiv. of 5) with G3: a) 0;
b) 0.5; ¢) 1.0; d) 2.0 and ¢) 2.5 equiv. 5@4a. Primed letters and numbers correspond to proton signal of bound components. See Figure S 27 for proton assignments. Sodium 3-
(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.

The binding with TPACI (G3) does not show significant chemical shift changes, and we cannot use the obtained data to determine an accurate binding
constant from the fit to a theoretical binding model.
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3.2.5 '"H NMR spectroscopic titration experiments leading to G4c(5@4a)

Figure S 30. Line-drawing structure of tetrabutylammonium chloride guest (G4)
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Figure S 31. '"H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of tetrabutylammonium chloride (G4). Sodium 3-
(trimethylsilyl)-1-propanesulfonate (I.S.) *Residual solvent peaks
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Reverse titration: incremental addition of G4 to a solution of 5@4a - G4c(5@4a)
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Figure S 32. 'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1 equiv of 5) with G4: a) 0;
b) 0.5; ¢) 1.0; d) 2 and e) 3 equiv. of G4. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13 and Figure S 30for proton
assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.

The binding with TBACI (G4) did not show significant chemical shift changes, which made it difficult to determine an accurate binding constant from the fit
to a theoretical binding model.
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Direct titration: incremental addition of 5@4a to a solution of G4 - G4c(5@4a)
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Figure S 33. '"H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.5 equiv. of 5) with G4: a) 0;
b) 0.5; ¢) 1.0; d)2 and ¢) 2.5 equiv. 5@4a. Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 1, Figure S 13 and Figure S 30 for
proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.

The binding with TBACI (G4) did not show significant chemical shift changes, so an accurate binding constant from the fit to a theoretical binding model
could not be determined.

S26



3.2.6 '"H NMR spectroscopic titration experiments leading to G5c(5@4a)
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Figure S 34. Line-drawing structure of methyltriethyl ammonium chloride guest (G5)
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Figure S 35. '"H NMR spectrum (400 MHz, D>O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of methyltriethyl ammonium chloride (G5). Sodium
3-(trimethylsilyl)-1-propanesulfonate (I.S.) *Residual solvent peaks

G5
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Reverse titration: incremental addition of G5 to a solution of 5@4a - G5c(5@4a)
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Figure S 36. 'H NMR (400 MHz, D>O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1 equiv. of 5) with G5: a) 0;
b) 0.5; ¢) 1.0; d) 2 and e) 5.6 equiv. of G5. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13 and Figure S 34 for
proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 37. Fit of the NMR titration data (signal b, B-pyrrole proton proton) to a 1:1 binding model (black line). The fit
returned K, (G5c(5@4a)) = 1.3x 10° M. The speciation shows the concentration (%) of free S@4a (green line) and 1:1
complex (blue line) throughout the titration.

Table S 6. Chemical shifts of the proton signals of free and bound 5@4a/GS / G5c(5@4a) (5, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 2.85 0.91 -1.94
2 3.23 2.37 -0.86
3 1.22 0.73 -0.49
H-ortho (Hc) 6.90 6.88 -0.02
B-pyrrole (Hb) 6.08 6.12 0.04
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Direct titration: incremental addition of 5@4a to a solution of G5 - G5c(5@4a)
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Figure S 38. '"H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1 equiv. of 5) with G5: a) 0;
b) 0.5; ¢) 1.0; d) 2.0 and ¢) 2.5 equiv. 5@4a. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13 and Figure S 34 for
proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 39. Fit of the NMR titration data (signal 1°, -CHj3 proton) to a 1:1 binding model (black line). The fit returned K,
(G5c(5@4a)) = 1.5x 10> M'!. The speciation shows the concentration (%) of free G5 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 7. Chemical shifts of the proton signals of free and bound G5 of the G5c(5@4a) (6, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 2.85 0.85 -2.00
2 3.23 231 -0.92
3 1.22 0.73 -0.49

As we observed before for the direct titration of G2 with S5@4a, the extent of complexation is lower than 60%. Although

this value is not enough to accurately determine the association constant, the estimated value agrees with that derived from
the reverse titration.
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3.2.7 '"H NMR spectroscopic titration experiments leading to G6—(5@4a)

Figure S 40. Line-drawing structure of methyltributylammonium chloride guest (G6)
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Figure S 41. 'H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of methyltributylammonium chloride (G6). Sodium
3-(trimethylsilyl)-1-propanesulfonate (I.S.) *Residual solvent peaks
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Reverse titration: incremental addition of G6 to a solution of 5@4a - G6c—(5@4a)
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Figure S 42. 'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.3 equiv. of 5) with G6: a) 0;
b) 0.5; ¢) 1.0; d) 1.5; e) 2.0 and f) 4.0 equiv. of G6. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13 and Figure S
40for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 43. Fit of the NMR titration data (signal b, B-pyrrole proton) to a 1:1 binding model (black line). The fit returned
K, (G6c(5@4a)) = 3.2x 10° M"!. The speciation shows the concentration (%) of free G6 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 8. Chemical shifts of the proton signals of free and bound 5@4a/G6 of the G6c(5@4a) (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 291 0.57 -2.34
2 3.17 2.45 -0.72
3 1.63 1.21 -0.42
4 1.31 1.23 -0.08
H-ortho (Hc)  6.90 6.88 -0.02
B-pyrrole (Hb) 6.08 6.12 0.04
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Direct titration: incremental addition of 5@4a to a solution of G6 - G6c(5@4a)
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Figure S 44. 'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of S@4a(1.1 equiv. of 5) with G6: a) 0;
b) 0.25;¢) 0.5; d) 0.7; e) 0.96 and f) 1.28 equiv. 5@4a. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13 and Figure
S 40 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 45. Fit of the NMR titration data (signal 4°, -CH3 proton) to a 1:1 binding model (black line). The fit returned K,

(G6c=(5@4a)) = 4.3x 10> M. The speciation shows the concentration (%) of free G6 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 9. Chemical shifts of the proton signals of free and bound G6 of the G6c(5@4a) (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 291 0.21 -2.70
2 3.17 2.33 -0.84
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3.2.8 'H NMR spectroscopic titration experiments leading to G7c(5@4a)
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Figure S 46. Line-drawing structure of trimethylphenylammonium chloride guest (G7)
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Figure S 47. 'H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of trimethylphenylammonium chloride (G7).
*Residual solvent peaks
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Reverse titration: incremental addition of G7 to a solution of 5@4a - G7c(5@4a)
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Figure S 48. '"H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.3 equiv. of 5) with G7: a) 0;
b) 0.5; ¢) 1.0; d) 1.5; e) 2.0; f) 3.0; g) 4.0 and h) 5.0 equiv. of G7. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13
and Figure S 46 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 49. Fit of the NMR titration data (signal b, B-pyrrole proton) to a 1:1 binding model (black line). The fit returned
K. (GTc(5@4a)) = 1.1x 10* M!. The speciation shows the concentration (%) of free G7 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 10. Chemical shifts of the proton signals of free and bound S@4a/G7 of the G7c(5@4a) (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 7.76 7.16 -0.6
4 3.57 1.97 -1.60
H-ortho (Hc) 6.90 6.89 -0.01
B-pyrrole (Hb) 6.08 6.02 -0.06
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3.2.9 '"H NMR spectroscopic titration experiments leading to G8—(5@4a)
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Figure S 50. Line-drawing structure of methylpyridinium chloride guest (G8)
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Figure S 51. '"H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of methyltributylammonium chloride (G8). *Residual
solvent peaks
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Reverse titration: incremental addition of G8 to a solution of S@4a - G8=(5@4a)
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Figure S 52. '"H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1 equiv. of 5) with G8: a) 0;
b) 0.5; ¢) 1.0; d) 1.5; e) 2.0; f) 3.0; g) 4.0 and h) 5.0 equiv. of G8. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13
and Figure S 50for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 53. Fit of the NMR titration data (signal b, B-pyrrole proton proton) to a 1:1 binding model (black line). The fit
returned K, (G8=(5@4a)) = 1.2x 10> M"'. The speciation shows the concentration (%) of free 5@4a (green line) and 1:1
complex (blue line) throughout the titration.

Table S 11. Chemical shifts of the proton signals of free and bound S@4a/G8 of the G8=(5@4a) (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 8.72 7.37 -1.35
2 8.46 7.41 -1.05
3 7.98 6.92 -1.06
4 4.33 2.71 -1.62
H-ortho (Hc)  6.90 6.88 -0.02
B-pyrrole (Hb) 6.08 6.04 -0.04
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Direct titration: incremental addition of 5@4a to a solution of G8 - G8—(5@4a)
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Figure S 54. '"H NMR (400 MHz, D;O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1 equiv. of 5) with G8: a) 0;
b) 0.18; ¢) 0,37; d) 0.53; €) 0.84; f) 1.0 and g) 1.15 equiv. S@4a. Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 1, Figure S
13 and Figure S 50 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 55. Fit of the NMR titration data (signal 4°, -CH3 proton) to a 1:1 binding model (black line). The fit returned K,

(G8=(5@4a)) = 1.3 x 10°> ML, The speciation shows the concentration (%) of free G8 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 12. Chemical shifts of the proton signals of free and bound G8 of the G8=(5@4a) (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 8.72 7.41 -1.31
2 8.46 7.44 -1.02
3 7.98 6.95 -0.97
4 4.33 2.78 -1.55

As we expected, for direct titrations with binding constants lower than 3000 M-! the binding constant cannot be accurately

determined due to the low solubility of receptor 4a. However, the estimated value is in agreement with the values derived
from reverse titrations.
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3.2.10 "H NMR spectroscopic titration experiments leading to G9=(5@4a)
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Figure S 56. Line-drawing structure of Choline chloride guest (G9)
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Figure S 57. '"H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of Choline chloride (G8). *Residual solvent peaks
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Reverse titration: incremental addition of G9 to a solution of S@4a - G9c(5@4a)
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Figure S 58. 'H NMR (400 MHz, D>O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1 equiv. of 5) with G9: a) 0;
b) 0.5;¢) 1.0; d) 1.5; €) 2.0; f) 3.0; g) 4.0 and h) 5.0 equiv. of G9. Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 1, Figure S
13 and Figure S 56 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 59. Fit of the NMR titration data (signal b, B-pyrrole proton proton) to a 1:1 binding model (black line). The fit
returned K, (G9=(5@4a)) = 9.8 x 10° M. The speciation shows the concentration (%) of free 5@4a (green line) and 1:1
complex (blue line) throughout the titration.

Table S 13. Chemical shifts of the proton signals of free and bound 5@4a/G9 of the G9—(5@4a) (6, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 3.98 3.56 -0.42
2 3.44 2.68 -0.76
3 3.12 1.80 -1.32
H-ortho (Hc) 6.90 6.93 0.03
B-pyrrole (Hb) 6.08 6.13 0.05

S47



Direct titration: incremental addition of 5@4a to a solution of G9 - G9—(5@4a)
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Figure S 60. '"H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1 equiv. of 5) with G9: a)

0; b) 0.25; ¢) 0.5; d) 0.75; f) 1.1; g) 1.6 and h) 2.1 equiv. S@4a. Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 1, Figure S
13 and Figure S 56 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 61. Fit of the NMR titration data (signal 3°, -CH3 proton) to a 1:1 binding model (black line). The fit returned K,

(G9=(5@4a)) = 5.9x 10° M. The speciation shows the concentration (%) of free G9 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 14. Chemical shifts of the proton signals of free and bound G9 of the G9=(5@4a) (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 3.98 3.50 -0.48
2 3.44 2.57 -0.87
3 3.12 1.66 -1.46
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3.2.11 '"H NMR spectroscopic titration experiments leading to G10c(5@4a)
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Figure S 63. 'H NMR spectrum (400 MHz, D,0O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of L-Carnitine chloride (G10). *Residual solvent
peaks
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Reverse titration: incremental addition of G10to a solution of S@4a - G10c(5@4a)
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Figure S 64. 'H NMR (400 MHz, D>O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of S@4a (1.1equiv of 5) with G10: a) 0;
b) 0.5; ¢) 1.0; d) 1.5; e) 2.0; f) 3.0; g) 4.0 and h) 5.0 equiv. of G10. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S
13 and Figure S 62 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 65. Fit of the NMR titration data (signal b, B-pyrrole proton) to a 1:1 binding model (black line). The fit returned
K. (G10c(5@4a)) = 7.9 x 10> M''. The speciation shows the concentration (%) of free S@4a (green line) and 1:1 complex
(blue line) throughout the titration.

Table S 15. Chemical shifts of the proton signals of free and bound S@4a/G10 of the G10c(5@4a) (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 4.48 4.17 -0.31
2 3.35 2.79 -0.56
3 3.14 2.12 -1.02
4 2.35 2.28 -0.07
H-ortho (Hc) 6.90 6.92 -0.02
B-pyrrole (Hb) 6.08 6.12 -0.04
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Direct titration: incremental addition of 5@4a to a solution of G10 - G10c(5@4a)
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Figure S 66.'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1equiv of 5) with G10: a) 0;
b) 0.25; ¢) 0.5; d) 0.7; e) 1.06 and f) 1.5equiv. of S@4a. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13 and Figure
S 62 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 67. Fit of the NMR titration data (signal 3°, -CH3 proton) to a 1:1 binding model (black line). The fit returned K,
(G10c(5@4a)) = 5.5x 10> M"!. The speciation shows the concentration (%) of free G10 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 16. Chemical shifts of the proton signals of free and bound G10 of the G10c(5@4a) (5, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 4.48 3.98 -0.5
2 3.35 2.35 -1.00
3 3.14 1.67 -1.47
4 2.35 2.27 -0.08

As observed in previous direct titrations, under these conditions less than 60% of complex is formed with L-Carnitine.
However, the results of CIS and estimated binding constant are in agreement with reverse titrations.

S54



3.2.12 'TH NMR spectroscopic titration experiments leading to G11c(5@4a)
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Figure S 68. Line-drawing structure of L-Trimethylysine chloride guest (G11)
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Figure S 69. 'H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of L-TMLys (G11). Sodium 3-(trimethylsilyl)-1-
propanesulfonate (I.S.) *Residual solvent peaks
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Reverse titration: incremental addition of G11 to a solution of 5@4a - G11c(5@4a)
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Figure S 70. '"H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of S@4a (1.1equiv of 5) with G11: a) 0;
b) 0.5; ¢) 1.0; d) 2.0; ¢) 3.0; f) 4.0 and g) 5 equiv. of G11. Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 1, Figure S 13 and
Figure S 68for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 71. Fit of the NMR titration data (signal b, B-pyrrole proton) to a 1:1 binding model (black line). The fit returned
K, (G11c(5@4a)) = 6.1 x 10° M!. The speciation shows the concentration (%) of free S@4a (green line) and 1:1 complex
(blue line) throughout the titration.

Table S 17. Chemical shifts of the proton signals of free and bound 5@4a/G11 of the G11c(5@4a) (J, ppm) and
calculated complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 3.33 3.83 -0.50
2 3.27 2.41 -0.86
3 3.04 1.39 -1.65
5 1.79 1.18 -0.61
H-ortho (Hc) 6.90 6.92 -0.02
B-pyrrole (Hb) 6.08 6.13 -0.05
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Direct titration: incremental addition of 5@4a to a solution of G11 - G11c(5@4a)
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Figure S 72. '"H NMR (400 MHz, D;O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of S@4a (1.1equiv of 5) with G11: a) 0;
b) 0.35; ¢) 0.71; d) 1.03; e) 1.33; f) 1.47 and g) 1.69 equiv. 5@4a. Primed letters and numbers correspond to proton signal of bound components. See Scheme S 1, Figure S 13
and Figure S 68 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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Figure S 73. Fit of the NMR titration data (signal 3°, -CH; proton) to a 1:1 binding model (black line). The fit returned K,

(Gl1c(5@4a)) = 1.1 x 10* M. The speciation shows the concentration (%) of free G11 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 18. Chemical shifts of the proton signals of free and bound G11 of the G11c(5@4a) (5, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 3.33 3.77 0.44
2 3.27 2.44 -0.83
3 3.04 1.43 -1.61
4 1.72 1.91 -0.19
5 1.68 1.25 -0.43
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3.2.13 '"H NMR spectroscopic titration experiments leading to G12c(5@4a)
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Figure S 74. Line-drawing structure of Histamine guest (G12)
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Figure S 75. 'H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of Histamine (G12). *Residual solvent peaks
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Reverse titration: incremental addition of G12 to a solution of 5@4a - G12c(5@4a)
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Figure S 76. 'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of S@4a (1.1 equiv. of 5) with G12: a)
0; b) 0.5; ¢) 1.0 and d) 2.0 equiv. of G12. Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 1, Figure S 13 and Figure S 74
for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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3.2.14 "H NMR spectroscopic titration experiments leading to G13=(5@4a)
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Figure S 77. Line-drawing structure of Dopamine guest (G13)
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Figure S 78. 'H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of Dopamine (G13). *Residual solvent peaks

S62



Reverse titration: incremental addition of G13 to a solution of 5@4a - G13c(5@4a)
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Figure S 79. 'H NMR (400 MHz, D>0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of S@4a (1.1 equiv. of 5) with G13: a)
0; b) 0.5; ¢) 1.0 and d) 2.0 equiv. of G13. Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 1, Figure S 13 and Figure S 77for
proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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3.2.15 "H NMR spectroscopic titration experiments leading to G14=(5@4a)
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Figure S 80. Line-drawing structure of L-Lysine guest (G14)
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Figure S 81. 'H NMR spectrum (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) of L-Lysine (G14). *Residual solvent peaks
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Reverse titration: incremental addition of G14 to a solution of 5@4a - G14c(5@4a)
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Figure S 82. 'H NMR (400 MHz, D,O, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4a (1.1 equiv. of 5) with G14: a)

0; b) 0.5; ¢) 1.0 and d) 2.0 equiv. of G14. Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 1, Figure S 13 and Figure S 80 for
proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (I.S.). *Residual solvent peaks.
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3.3 'H NMR spectroscopic titration experiments tetra-acid C[4]P 4b
3.3.1 'H NMR spectroscopic titration experiments S@4b
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Figure S 83. 'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 4b with 5: a) 0 and b)1.5 equiv. of 5.
Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 2 and Figure S 13 for proton assignments. Sodium 3-(trimethylsilyl)-1-
propanesulfonate (I.S.). *Residual solvent peaks.
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3.3.2 '"H NMR spectroscopic titration experiments leading to G9c(5@4b)
Reverse titration: incremental addition of G9 to a solution of S@4b - G9c(5@4b)
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Figure S 84. 'H NMR (400 MHz, D,0, 0.01 M borate/sodium hydroxide buffer, pD = 10, 0.01 M NaCl, 298 K) spectra of the titration of 5@4b (1.4 equiv. of 5) with G9: a) 0;
b) 0.5; ¢) 1.0; d) 1.5; e) 2; f) 3; and g) 4 equiv. of GY. Primed letters and numbers correspond to the proton signal of bound components. See Scheme S 2, Figure S 56 and

Figure S 13 for proton assignments. Sodium 3-(trimethylsilyl)-1-propanesulfonate (1.S.). *Residual solvent peak

S67



6,045+

6,035+

chemical shifts for nucleus B-Pyrrole
% formation relative to 4bc5@G9

0,001 0,003 0,005 0,007
concentration of G9

Figure S 85. Fit of the NMR titration data (signal 3°, -CH3 proton) to a 1:1 binding model (black line). The fit returned K,

(G9c(5@4b)) = 2.5x 10°> M. The speciation shows the concentration (%) of free G9 (green line) and 1:1 complex (blue
line) throughout the titration.

Table S 19. Chemical shifts of the proton signals of free and bound 5@4b/G9 of the G9c(5@4b) (J, ppm) and calculated
complexation-induced shifts (Ad, ppm).

Signal Ofree Obound (1:1 complex) A6 (1:1 complex)
1 4.07 3.28 -0.79
2 3.44 2.40 -1.04
3 3.12 1.45 -1.67
H-ortho (Hc)  5.85 5.87 0.02
B-pyrrole (Hb) 6.01 6.05 0.04
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4. ITC Experiment

ITC experiments were performed using a MicroCal VP-ITC MicroCalorimeter with the VP Viewer 2000 software. Titrations
were carried out in 0.01 M borate/sodium hydroxide buffer in H,O (pH ~ 10) and 0.01 M NacCl at 298 K by adding small
aliquots (8-16 pL, 16-32 s) of a solution of the guest into a solution of the host. The concentration of the guest solution was
7-10 times more concentrated than the host solutions (see corresponding figures for details). The association constants and

the thermodynamic parameters were obtained from the fit of the titration data to the “one set of sites” binding model using
the Microcal ITC Data Analysis module.

4.1 Titration G7Cc(5@4a)

Time (min)
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I . T T I ’ I ,

T
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0,0 0,5 1,0 1,5 2,0

Molar Ratio

Figure S 86. top) Trace shows raw data for the titration of guest into host: [G7] = 9.6 mM and [5@4a] = 1.2 mM. Titration
was performed at 298 K. bottom) Binding isotherm of the calorimetric titration shown on top. The enthalpy of binding for

each injection is plotted versus the molar ratio of guest/host in the cell. The continuous line represents the least-squares-fit
of the data to the “one set of sites” binding model.

Table S 20. Binding constant value (K,) and thermodynamic parameters of the interaction between S@4a and G7 in buffer
at pH =10 determined by ITC.

S5@4a Ka(M1) AG (kcal-mol?) AH (kcal-mol?) AS (kcal-mol?)

G7 1.240.4 x 10* -5.54+0.1 -4.840.2 1.3+0.1
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5. Calculations

0.62 kcal/mol | . Tl 126.13 keal/mol

a) b) i c) e

Figure S 87. Electrostatic surface potentials (ESP) calculated using DFT at the RI-BP86-D3BJ-def2-SVP level of theory and
mapped to an electron density of 0.001 electron/bohr? (van der Waals surface): a) TMA; b) TEA and ¢) TPA. Boundaries of
ESP values are given in kcal/mol-e

Figure S 88. Side and top views of the energy minimized structure of 4a in 1,3-alternate conformation at the RI-BP86-D3BJ-
def2-SVP COSMO.

Cartesian coordinates of 4a in 1,3-alternate conformation. The number of atoms and calculated electronic energy are
reported in the two first lines.
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Figure S 89. Side and top views of the energy minimized structure of 4a in cone conformation at the RI-BP86-D3BJ-def2-
SVP COSMO.

Cartesian coordinates of 4a in cone conformation. The number of atoms and calculated electronic energy are reported in the
two first lines.
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Figure S 90. Side and top views of the energy minimized structure of G1—4a in 1,3-alternate conformation at the RI-BP86-

D3BJ-def2-SVP COSMO.

Cartesian coordinates of 4a@G1. The number of atoms and calculated electronic energy are reported in the two first lines.
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Figure S 91. Side and top views of the energy minimized structure of GlcS@4a in 1,3-alternate conformation at the RI-
BP86-D3BJ-def2-SVP COSMO.

Cartesian coordinates of G1c5@4a. The number of atoms and calculated electronic energy are reported in the two first
lines.
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Figure S 92. Side and top views of the energy minimized structure of G2CS5@4a at the RI-BP86-D3BJ-def2-SVP
COSMO.

The number of atoms and calculated electronic energy are reported in the two first lines.
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Figure S 93. Side and top views of the energy minimized structure of G3cS@4a at the RI-BP86-D3BJ-def2-SVP.

The number of atoms and calculated electronic energy are reported in the two first lines.
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Figure S 94. Side and top views of the energy minimized structure of GSCS5@4a at the RI-BP86-D3BJ-def2-SVP.
The number of atoms and calculated electronic energy are reported in the two first lines.
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Figure S 95. Side and top views of the energy minimized structure of G7c5@4a at the RI-BP86-D3BJ-def2-SVP.
The number of atoms and calculated electronic energy are reported in the two first lines.
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Figure S 96. Side and top views of the energy minimized structure of G8c5@4a at the RI-BP86-D3BJ-def2-SVP.
The number of atoms and calculated electronic energy are reported in the two first lines.
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Figure S 97. Side and top views of the energy minimized structure of G9C5@4a at the RI-BP86-D3BJ-def2-SVP COSMO.

The number of atoms and calculated electronic energy are reported in the two first lines.
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5.6258655
5.7714059
5.2096575
4.1062043
3.2766665
2.2283721
2.1989586
3.1170920
3.1121517
4.1422927

6.5009305

4.0917423
2.5771526
1.3914055
2.3448200
3.1832937
2.9936970
4.1929026
4.8504922
4.3478871
3.4688801
3.5414720
2.4724762
1.7527011
5.1406345
2.1733370
6.3018668
5.3082548
2.2434409

-13.3579961
-14.5049469
-8.1913209
-7.2806705
-7.3308936
-8.1498961
-6.3848275
-6.4586513
-5.3709662
-5.3409819
-4.5717831
-6.3051350
-6.3539681
-4.6175587
-3.5307036
-7.3773663
-8.0441297
-3.7589234

-2.2504137 -12.0756006
-1.0686544 -12.8961325
-1.3044141 -13.8012425
-0.1857114 -14.6497173
-2.9802773 -11.4127891
-3.1977797 -12.9468487
-1.7058261 -11.0105266
-0.7238202 -13.5005887
-0.2726500 -12.1725151
-2.2255208 -14.4150029
-1.4654882 -13.1760251
0.3834742 -14.3748024
-3.4915573 -12.1815968
-2.2417437 -10.8600048
-3.7132395 -10.7032181

-2.6657729 -13.3591924
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4.9752809 -3.5502867 -13.7658181
5.9561414 -4.0551701 -12.3343424
6.5763163 -1.1237491 -11.4942937
5.1804487 -1.0536618 -10.3475170

m O m T T =

6.1943470 -2.5426868 -10.4264814
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