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1. Materials, instrumentation and methods

All chemicals were purchased as reagent grade from commercial suppliers (Sigma-Aldrich, AlfaAesar, Fluorochem) and
used without further purification. The solvents used (Merck, ChemPur, PoCh) were of analytical grade quality. Deionized
water (18.3 MQ-cm) was obtained from Milli-Q station. NMR solvents and tubes were purchased from Armar Chemicals. 4-
(Bromomethyl)pyridine hydrobromide was synthesized according to literature procedure.!!!

NMR spectra were recorded on Bruker (400, 500 and 600 MHz) instruments. The chemical shifts (d) are given in ppm
relative to TMS, coupling constants are (J) in Hz. NMR data were analyzed using MestReNova Software. MS spectra were
recorded on Maldi SYNAPT G2-S HDMS (Waters) spectrometer. Titrations were performed using MicroCal PEAQ-ITC
from Malvern. Single crystals were grown by slow diffusion of the ethanol vapor into aqueous solution of P[6]P
hexachloride salt. The suitable crystal was selected under Paratone-N oil, mounted on the nylon loop and positioned in the
cold stream on the diffractometer. The X-ray data were collected at 100 K on the SuperNova Agilent diffractometer using
CuKa radiation (A = 1.54184 A). The data were processed with CrysAlisPro.[?! Solution, refinement and analysis of the
structure was done using the programs integrated in the WinGX software system.[®] Structure was solved by direct methods
and refined using SHELXL-2013.*1 The figures were prepared using the UCSF Chimera package.’! Quantum chemical
calculations were performed within the density functional theory (DFT) using the Gaussian 09 program suite.[] The
geometry was taken from the crystal structure of P[6]P and optimized with the B3LYP functional, using the 6-31+g(d) basis
set. PCM (polarized continuum model) solvent effects were considered within the CPCM to model the interaction with the
solvent. Molecular orbitals and electrostatic potential maps were displayed using the GaussView program.]
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2. Synthesis

A suspension of 4-(bromomethyl)-pyridinium hydrobromide (4 g, 15.8 mmol) and NaHCO; (1.46 g, 17.4 mmol) in 160 mL
of acetonitrile was prepared in a 500 mL round-bottom flask. The contents of the flask were heated to reflux and after 20
minutes NH4PF; (2.58g, 15.8 mmol) was added. The reaction mixture was kept at reflux temperature for 48 hours. After this
time, the content of the flask was cooled to room temperature, and the resulting precipitate was filtered and dried. The
precipitate was next crystallized from 1M aqueous KBr (50 mL). The obtained white crystals of P[4]P were removed by
centrifugation. The filtrate was concentrated under reduced pressure, and crystallization was carried out again with 1M
aqueous KBr (10 mL). As a result, P[6]P contaminated with P[4]P was obtained. The solvent was distilled from the
remaining mother liquor, and the precipitate was crystallized from water (3 mL) to give 13 mg of pure P[6]P. Another batch
of P[6]P (97 mg) was isolated by recrystallization of the P[4]P-P[6]P mixture in the minimum volume of water. Then, the
combined P[6]P fractions were dissolved in 12N HCI (5 mL) and refluxed for 2h. The cooled reaction mixture was poured
into acetonitrile, and the resultant precipitate was centrifuged and dried in vacuo to yield P[6]P-(Cl)s as a white solid (59 mg,
3 %). '"H NMR (400 MHz, D,0): 6 9.11 (d, J= 6.2 Hz, 12H), 8.09 (d, J = 6.2 Hz, 12H), 6.38 (s, 12H). *C NMR (100 MHz,
D,0): 6153.5, 146.4, 128.1, 62.0.
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3. Characterization

3.1 NMR and MS spectra
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Figure S1. '"H NMR spectrum of the crude P[6]P in D,0 at 298 K. Residual water is marked with an asterisk.
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Figure S2. 3C NMR spectrum of the crude P[6]P in D,O at 298 K. Splitting of carbon atom signals indicates a through-space
13C-19F coupling with PF4 ion which is probably located inside the macrocycle.
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Figure S3. '”F NMR spectrum of the crude P[6]P in D,0O at 298 K showing the presence of PF ions.
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Figure S4. Mass spectrum of P[6]P under electrospray ionization showing the presence of Br ions in the crude product.
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Figure S5. "H NMR spectrum of P[6]P-(Cl)s in D,O at 298 K. Residual water is marked with an asterisk.
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Figure S6. 3C NMR spectrum of P[6]P-(Cl)s in D,O at 298 K.
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3.2 X-ray crystallography

P[6]P hexachloride salt crystallizes in the trigonal space group R-3. Crystal data: C;sH3cN¢ClsOy9, Mr =925.4, colourless,
trigonal, space group R-3, a = 22.3483(4), ¢ = 8.0031(1) A, V'=3461.6(1) A3, Z =3, peac = 1.332 g cm?3, u(CuKa) = 3.881
mm, 0. = 71.9°, 15744 reflections measured, 1507 unique, 172 parameters, 98 restraints, R = 0.040, wR = 0.109 (R =
0.040, wR = 0.110 for all data), GooF = 1.08. CCDC 1836980 contains the supplementary crystallographic data for this
paper. These data are provided free of charge by The Cambridge Crystallographic Data Centre.

The asymmetric unit comprises one sixth of the macrocycle, one chloride anion, water molecule disordered over two
positions O1W and O1WA (refined with 0.5 site occupancy factors), and another water molecule residing in the macrocyclic
cavity, refined as disordered over O2W and O2WA positions (refined with 0.33333 site occupancy factors because of their
close position to the three-fold rotoinversion crystallographic axes).

The crystal structure is a peculiar example of the two types of the whole-molecule disorder. Firstly, the P[6]P macrocycle
has two orientations (colored in blue and yellow, Figure S7) on the same site in the different unit cells. Moreover, the
nitrogen atoms of the pyridinium rings cannot be reliably distinguished from the carbon atoms, therefore, the additional
disorder has been introduced into the model. This substitutional disorder implies that the same site may be occupied by
different atoms (carbon or nitrogen) in the different unit cells. As neither position has clear advantage over another, it is
equally possible that nitrogen atoms might be found in the clockwise or anticlockwise directions around the macrocycle. The
disorder model was built using PART instructions. The soft similarity restraints SIMU and DELU on anisotropic
displacement parameters of P[6]P atoms have been applied during the refinement. The positional substitutional disorder of
nitrogen and carbon atoms sharing the same site have been built using EXYZ (same position) and EADP (same thermal
parameters) constraints.

All non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms were placed in ideal

positions and refined as riding atoms with relative isotropic displacement parameters. All components of the structure except
one chloride anion are disordered.

Figure S7. The whole-molecule disorder of the pillar[6]pyridinium macrocycle. The different orientations are colored in blue
and yellow.
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Figure S8. A) Top view of the tetrameric water cluster included into P[6]P inner cavity; B) Structure and hydrogen bonding
of the rectangular tetrameric water cluster; C) Side view of the tetrameric water cluster included into P[6]P inner cavity.
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Figure S9. A) Side view of the hexameric water cluster in chair conformation sandwiched between adjacent P[6]P molecules
in the crystal lattice; B) Structure and hydrogen bonding of the hexameric water cluster; C) Top view of the water tape

surrounded by chloride anions; D) Structure of the water tape (polymeric cluster) consisting of hydrogen bonded alternating
hexameric and tetrameric water clusters.
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4. Binding studies

4.1 NMR
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Figure S10. "H NMR spectra of G1 before and after addition of P[6]P-(Cl) in Tris buffer (pD=7.22) at 298 K.
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Figure S11. '"H NMR spectra of G2 before and after addition of P[6]P-(Cl)e in Tris buffer (pD=7.22) at 298 K.
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Figure S12. '"H NMR spectra of G3 before and after addition of P[6]P-(Cl)e in Tris buffer (pD=7.22) at 298 K.
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Figure S13. '"H NMR spectra of G4 before and after addition of P[6]P-(Cl)e in Tris buffer (pD=7.22) at 298 K.
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Figure S14. '"H 2D ROESY NMR spectra of a mixture of P[6]P-(Cl)s and G5 at 1:1 ratio in Tris buffer (pD=6.40) at 298 K.
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Figure S15. '"H 2D ROESY NMR spectra of a mixture of P[6]P-(Cl)s and G6 at 1:1 ratio in Tris buffer (pD=6.40) at 298 K.
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Figure S16. '"H 2D ROESY NMR spectra of a mixture of P[6]P-(Cl)s and G7 at 1:1 ratio in Tris buffer (pD=6.40) at 298 K.
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4.2 1TC
Each solution used in titration experiment was prepared in 0.05M TRIS (tris (hydroxymethyl) aminomethane/HCl; pH =7.22
or 8.08), 0.05M phosphate (KH,PO,/NaOH; pH = 6.97) or 0.1M acetate (AcOH/AcONa; pH = 4.11, 4.86 or 5.85) buffer.
Guest compounds were used as sodium salts in order to increase their solubility in water.

All calorimetric titrations were carried out at 298 K. In a typical ITC measurement 300 pL of P[6]P-(Cl)s solution was
placed in a cell and titrated by 36,4 pul of guest solution (18 injections of 2 pl each preceded by one 0,4 pl injection which
was excluded during data analysis). Concentration of titrant was 10-20 times higher than concentration of P[6]P in the cell.
Control experiment for each titration was performed by injecting guest solution into buffer. Experimental data were analysed
using MicroCal PEAQ-ITC Analysis software.
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Figure S17. Thermogram for 0.26mM P[6]P-(Cl)s in 0.05M TRIS buffer (pH=7.22) titrated with G8 (4mM).
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Figure S18. Thermogram for 0.4mM P[6]P-(Cl)s in 0.05M phosphate buffer (pH= 6.97) titrated with G8 (8 mM).
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Figure S19. Thermogram for 0.8mM P[6]P-(Cl)¢ in 0.05M TRIS buffer (pH= 8.08) titrated with G7 (8 mM).
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Figure S20. Thermogram for 0.36mM P[6]P-(Cl)s in 0.05M TRIS buffer (pH= 7.22) titrated with G7 (4 mM).
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Figure S21. Thermogram for 0.64mM P[6]P-(Cl)s in 0.1M acetate buffer (pH= 5.85) titrated with G7 (8 mM).
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Figure S22. Thermogram for 0.69mM P[6]P-(Cl)s in 0.1M acetate buffer (pH= 4.86) titrated with G7 (8 mM).
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Figure S23. Thermogram for 0.31mM P[6]P-(Cl)s in 0.1M acetate buffer (pH= 4.11) titrated with G7 (4 mM).
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Figure S24. Thermogram for 0.8mM P[6]P-(Cl)¢ in 0.05M TRIS buffer (pH= 7.22) titrated with G6 (8 mM).
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Figure S25. Thermogram for 0.8mM P[6]P-(Cl)¢ in 0.05M TRIS buffer (pH= 7.22) titrated with G5 (8 mM).
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Figure S26. Thermogram for 1.6mM P[6]P-(Cl)¢ in 0.05M TRIS buffer (pH= 7.22) titrated with G4 (16 mM).
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Figure S27. Thermogram for 1.6mM P[6]P-(Cl)¢ in 0.05M TRIS buffer (pH= 7.22) titrated with G3 (16 mM).
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Figure S28. Thermogram for 1.6mM P[6]P-(Cl)¢ in 0.05M TRIS buffer (pH= 7.22) titrated with G2 (16 mM).
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Figure S29. Thermogram for the titration of P[6]P by G1 (Tris buffer, pH=7.22, 298 K).
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5. Computations

A)

C)
279 kcal/mol

385 kcal/mol
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Figure S30. Optimized structure of P[6]P®" seen from the

P[6]P®", top (C) and side (D) view.
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Figure S31. Optimized structure (A) and electrostatic potential map (B) of G8.
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Figure S32. Optimized structure (A) and electrostatic potential map (B) of G7.
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Figure S33. Optimized structure (A) and electrostatic potential map (B) of G6.
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Figure S34. Optimized structure (A) and electrostatic potential map (B) of GS.
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Figure S35. Optimized structure (A) and electrostatic potential map (B) of G4.

o o o o o o a 0

-0.69833405

0.69834026

1.42089778

0.69833802

-0.69833733

-1.42089497

-2.95210448

2.95210483

-1.20372151

-1.20371951

0.00000179

1.20371938

1.20371345

-0.00000213

0.00000062

0.00000055

0.00024007

0.00024186

-0.00000380

-0.00024892

-0.00024811

0.00000304

0.00000196

-0.00000060

-3.52880710

-3.52879897

3.52880147

3.52879819

-1.24582379

1.24582770

1.24581905

T - =T = O O O O

-1.24583200

S31

-1.12812831

1.12813315

1.12813162

-1.12813050

-2.14145401

-2.14145502

2.14145846

2.14144716

-0.00037952

0.00038383

0.00022330

-0.00021524

0.00043376

0.00044213

-0.00045046

-0.00043736



A)

B)

-186 kcal/mo] mm——

T _1 10 kcal/mol

Figure S36. Optimized structure (A) and electrostatic potential map (B) of G3.
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Figure S37. Optimized structure (A) and electrostatic potential map (B) of G2.
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Figure S38. Optimized structure (A) and electrostatic potential map (B) of G1.
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Figure S39. Optimized structure of P[6]P%"-G8 complex seen from the top (A) and from the side (B). Electrostatic potential

map of this complex, top (C) and side (D) view.
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Figure S40. Optimized structure of P[6]P®"-G7 complex seen from the top (A) and from the side (B). Electrostatic potential

map of this complex, top (C) and side (D) view.
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Figure S41. Optimized structure of P[6]P®"*G6 seen from the top (A) and from the side (B). Electrostatic potential map of

-38 kcal/mol

this complex, top (C) and side (D) view.
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Figure S42. Optimized structure of P[6]P®"- G5 complex seen from the top (A) and from the side (B). Electrostatic potential
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map of this complex, top (C) and side (D) view.
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Figure S43. Optimized structure (A) and electrostatic potential map (B) of P[6]P®"-G4 complex.
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Figure S44. Optimized structure (A) and electrostatic potential map (B) of P[6]P®"-G3 complex.
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Figure S45. Optimized structure (A) and electrostatic potential map (B) of P[6]P°" G2 complex.
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Figure S46. Optimized structure (A) and electrostatic potential map (B) of P[6]P°"G1 complex.
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