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Section S1. Materials and methods
All solvents and chemical were purchased from commercial suppliers and used without further purification.
Solvents, when needed, were dried by standard distillation techniques or for larger amounts (>10 mL), the
solvent was tapped from a Solvent Purification System (SPS) from mbraun (MB SPS-800, with standard
mbraun drying columns). Reactions were carried out under a Nitrogen atmosphere using standard Schlenk
techniques, where dry solvents are specified. 1,3,5-benzenetricarboxylic acid tris-pentafluorophenyl ester
(8) was prepared according to a literature procedure.[1] Amine 9 was prepared according to a procedure
adapted from literature as detailed below.[2]

NMR
Nuclear Magnetic Resonance (NMR) spectra were recorded on a Bruker DRX 500 (125.72 MHz for 13C),
Bruker AMX 400 (100.62 MHz for 13C, 128.38 MHz for 11B or 376.50 MHz for 19F), Bruker DRX 300 (75.48
MHz for 13C) or on a Varian Mercury 300 (75.48 MHz for 13C or 282.32 MHz for 19F) spectrometer at room
temperature. The residual solvent peaks were used as internal standards (1H: δ 7.26 p.p.m., 13C{1H}: δ 77.16
p.p.m. for CDCl3; 1H: δ 2.50 p.p.m., 13C{1H}: δ 39.52 p.p.m. for DMSO-d6; 1H: δ 4.79 p.p.m., 13C{1H}: externally
referenced to TMS at δ 0.00 p.p.m. for D2O), while 11B spectra were externally referenced to 15% BF3∙OEt2
in CDCl3 (0.00 p.p.m.) and 19F NMR spectra were externally referenced to CF3COOH (–76.55 p.p.m.).
Chemical shifts (δ) are given in parts per million (p.p.m.) and coupling constants (J) are quoted in hertz (Hz).
Resonances are described as singlet (s), doublet (d), triplet (t), quartet (q), quintet (quint), a combination
thereof, broad singlet (br s) or multiplet (m). NB: The Log(D) values measured by DOSY-NMR were always
calibrated on the Log(D) value of the solvent.

Mass
Low resolution mass spectra were recorded on an Advion (T)LC-MS expressionL CMS mass spectrometer
(with a TLC plate express and isocratic pump), using the Electron Spray Ionization (ESI) method. High
Resolution Mass Spectra (HRMS) were recorded on a JEOL AccuTOFC-plus JMS-T100LP mass spectrometer,
with the indicated ionization method. Flash chromatography was performed on Silicycle Siliaflash P60 Silica
Gel (particle size 40-63 µm, pore diameter 60Å) using the indicated eluent. Thin Layer Chromatography
(TLC) was performed using TLC plates from Merck (SiO2, Kieselgel 60 F254 neutral, on aluminium with
fluorescence indicator).
CryoSpray Ionization High Resolution Mass Spectrometry (CSI HRMS) was conducted on a HR-ToF Bruker
Daltonik GmbH (Bremen, Germany) Impact II, an ESI-ToF MS capable of resolution of at least 40000 FWHM,
which was coupled to a Bruker cryo-spray unit. Detection was in positive-ion mode and the source voltage
was between 4 and 6 kV. The sample was introduced with a syringe pump at a flow rate of 18 ul/hr. The
drying gas (N2) was held at -35 °C and the spray gas was held at -40 °C. The machine was calibrated prior
to every experiment via direct infusion of a TFA-Na solution, which provided a m/z range of singly charged
peaks up to 3500 Da in both ion modes. Software acquisition with Compass 2.0 for Otof series and software
processing with Compass DataAnalysis 4.0 sri (x64) (both Bruker Daltonik GmbH (Bremen, Germany)). The
peak with the highest intensity of an isotope distribution was used to report and calculate the difference
between measured and calculated values (Δ, expressed in p.p.m.). These reported values were obtained
from Bruker DataAnalysis 4.4 software, wherein the positive ionization is taken into account by subtracting
the mass of the missing electrons (0.0005486 Da per electron). NB: the isotope distributions were simulated
with mMass software, which does not take into account the mass of the missing electrons in positive ions.
This leads to apparent mass differences as large as 0.0021944 Da (4 x 0.0005486) in a 4+ species.
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Acidity measurements
The acidity was measured with a SI analytics Handylab 100 with the pH electrode Blueline 14 pH (pH 0–14;
-5–100 °C; 3 mol/L KCl referenced; catalogue number 285129140) or the pH electrode ScienceLine micro
N 6003 (pH 0–14; -5–100 °C; Ag/AgCl referenced; catalogue number 285105176). The pH meter was
calibrated beforehand with Sigma-Aldrich/Merck buffered reference standards of pH 4.00 (red colourcoded; catalogue number B5020), pH 7.00 (yellow colour-coded; catalogue number B4770) and pH 10.00
(blue colour-coded; catalogue number B4895). The acidity in D2O was measured with the electrode
calibrated in H2O and reported as pH* as detailed Krężel and Bal.[3]
Titration studies
1
H NMR titrations were performed using a Bruker DRX 500 spectrometer operating at 298 K. A 0.83 mM
solution of 7 in D2O was prepared, pH* was adjusted to 7.0-7.4, sonicated for 30 minutes and then used as
such (see section S3a). During the titration, known aliquots of the stock solution of carbohydrate in D2O
was added to an NMR tube containing 600 µL of this 0.83 mM solution of 7 in D2O and a 1H NMR spectra
was recorded.
Association constants (Ka) were determined by monitoring the change in chemical shift (Δδ) for a selected
proton resonance of 7 and fitting these shifts to a binding model using HypNMR,[4] which also gave an
estimated error for the Ka. The correlation of fit (r2) was calculated in Excel from individual measured and
simulated data points obtained from HypNMR.
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Section S2. Synthesis and characterizations of 7 and its precursors



Scheme S1. Overview of the synthesis routes considered. Our initial strategy involved the preparation of
Boc-protected guanidine compound 33 and its reduced amine 34. Coupling of amine 34 to the
trispentafluorophenyl ester of trimesic acid should then afford 35. Unfortunately, we found that the NH
moiety of the Boc-protected guanidine groups in 34 can act as a nucleophile towards pentafluorophenyl
esters, forming 36 and we abandoned this route. Instead, the ligand precursor for 7 (13) could readily be
prepared via the route 8 → 31 → 32 → 9 → 10 → 11 → 12 → 13 → 7 as discussed in the main text. See also
below for details.
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Tris(2-cyanoethyl)nitromethane (31) was prepared according to a literature procedure with slight
modifications.[5,6] To a solution of n-Bu4NHSO4 (3.72 g, 11.0 mmol, 0.11 eq.), acrylonitrile (30 mL, 24 g,
452 mmol, 4.7 eq.) and nitromethane (5.2 mL, 5.93 g, 97 mmol, 1 eq.) in 1,4-dioxane (30 mL) and H2O (6
mL) was added a solution of 85% KOH (1.40 g, 21.2 mmol, 0.22 eq.) in H2O (3.2 mL). The reaction mixture
was maintained at a temperature below 45 °C by occasionally cooling with an ice bath. When cooling was
no longer required, the reaction was stirred at room temperature for 22 h. The mixture was neutralized
with aqueous 1M HCl. The product was taken up in 1,2-dichloroethane and the layers were separated. The
organic layer was then extracted with H2O, dried over Na2SO4, filtrated and evaporated in vacuo. The crude
product was recrystallized in EtOH, affording the desired product as colorless prisms. Yield: 57%, 55 mmol,
12.2 g.
1

H NMR (400 MHz, CD3CN/CDCl3): δ 2.48–2.39 (m, 6H, H2), 2.37–2.28 (m, 6H, H3). 1H NMR is in accordance
with literature.

Figure S1. 1H NMR spectrum of 31 in CDCl3.
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Tris(3-tert-butoxycarbonylaminopropyl)nitromethane (32) was prepared according to a literature
procedure.[7] To a suspension of 31 (12.2 g, 55 mmol, 1 eq.) in dry THF (40 mL) was added slowly a 1M BH3
solution in THF (275 mL) and the resulting solution was heated at reflux for 21 h. The reaction mixture was
allowed to cool to room temperature, after which the excess of borane was quenched by dropwise addition
of concentrated HCl. The resulting mixture was heated to 50 °C for 30 min and the solvent was evaporated
in vacuo. The residue was basified with aqueous 40% NaOH (80 mL) and extracted thrice with DCM. The
combined organic layers were dried over Na2SO4, filtrated and evaporated in vacuo. The resulting crude
amine was dissolved in MeOH (150 mL) to which Boc2O (42 mL, 39.9 g, 183 mmol, 3.3 eq.) and Et3N (32 mL,
23.2 g, 230 mmol, 4.2 eq.) were added. After heating the reaction mixture at reflux for 6 h, the solvent was
evaporated in vacuo and the residue was purified by column chromatography on silica gel (gradient:
petroleum ether/EtOAc 3:1 to 1:1). The desired product was obtained as a colorless oil (colorless glassy
solid when cooled to -20 °C). Yield: 55%, 30.4 mmol, 16.2 g.
1

H NMR (400 MHz, CDCl3): δ 4.62 (br, 3H, H5), 3.20–2.97 (m, 6H, H4), 1.97–1.84 (m, 6H, H2), 1.43 (s, 27H,
H8), 1.41–1.32 (m, 6H, H3). 1H NMR is in accordance with literature.

Figure S2. 1H NMR spectrum of 32 in CDCl3.
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Tris(3-N’,N”-bis-tert-butoxycarbonylguanidinopropyl)nitromethane (33) was prepared according to a
modified literature procedure.[8,9] To a suspension of 32 (1.1 g, 2.1 mmol, 1 eq.) in 1,4-dioxane (20 mL)
was added 4 M HCl in water (20 mL) and stirred at room temperature for 4 h. The resulting clear solution
was evaporated in vacuo and redissolved in H2O (10 mL) and 1,4-dioxane (10 mL). Addition of triethylamine
(2.5 mL, 3.4 g, 34 mmol, 16.6 eq.), DCM (10 mL) and then bis-boc-pyrazolocarboxamidine (3.7 g, 12 mmol,
5.9 eq.) and) resulted in a two layer system, which was stirred vigorously at room temperature for 18 h.
The solvent was concentrated in vacuo and the residue was partitioned between DCM and water. The water
layer was extracted thrice with DCM and the combined organic layers were dried with Na2SO4, filtrated and
evaporated in vacuo. The residue was purified by column chromatography on silica gel (PE/DCM/EtOAc
47.5 : 47.5 : 5), affording 33 as a white solid. Yield: 86%, 1.8 mmol, 1.7 g.
NB: All 1H-NMR resonances of the Boc-protected guanidine 33 were well resolved at lower concentrations,
also displaying clear multiplicities (see Figure S3). At the higher concentration used for characterization
purposes, the 1H-NMR peaks were broad and additional resonances could be distinguished (Figure S4). This
was ascribed to aggregation (in CDCl3) and some resonances are denoted ‘a’, ‘b’ or ‘c’, based on the relative
intensities of these resonances that are assumed to originate from a similar fragment (‘a’ being the largest).
1

H NMR (500 MHz, CDCl3): δ 11.45 (s, 3H, H7), 8.44 – 8.09 (m, 3H, H5), 3.53 – 3.10 (m, 6H, H4), 2.11 – 1.72
(m, 6H, H2), 1.72 – 0.99 (m, 60H, H3/H10/H13). 13C{1H} NMR (126 MHz, CDCl3): δ 163.55 (C8a), 163.38
(C8b), 161.49 (C6c), 156.38 (C6b), 156.29 (C6a), 153.31 (C8), 93.71 (C1b), 93.46 (C1a), 83.43, 83.26, 79.60,
79.36, 78.12, 69.22, 40.40 (C4), 32.69 (C2a), 32.54 (C2b), 31.95 (C2c), 31.30 (C13c), 28.50 (C13b), 28.35
(C13a), 28.12 (C10a), 28.05 (C10b), 24.01 (C3b), 23.56 (C3a). {1H-1H}-COSY NMR (500, 500 MHz, CDCl3): δ
8.35-3.36 (H5b-H4b), 8.30-3.40 (H5a-H4a), 3.40-8.30 (H4a-H5a), 3.35-8.30 (H4b-H5b), 1.91-1.44 (H2-H3), 1.913.40 (H3-H4), 1.91-1.44 (H3-H2). {1H-13C}-HSQC (500, 126 MHz, CDCl3): δ 40.40-3.40 (C4-H4), 32.69-1.91
(C2a-H2), 32.54-1.91 (C2b-H2), 31.30-1.23 (C13c-H13b), 28.50-1.45 (C13b-H13), 28.35-1.45 (C13a-H13),
28.12-1.45 (C10a-H10), 28.05-1.45 (C10b-H10), 23.56-1.45 (C3a-H3). {1H-13C}-HMBC (500, 126 MHz, CDCl3):
δ 163.55-8.31 (C11a-H5a), 163.38-8.34 (C11b-H5b), 161.49-3.23 (C6c-H4c), 156.38-3.36 (C6b-H4b), 156.293.40 (C6a-H4a), 153.31-11.45 (C8-H7), 93.71-1.90 (C1b-H2b), 93.46-1.90 (C1a-H2a), 83.43-1.45 (C9b-H10),
83.26-1.45 (C9a-H10), 79.60-1.45 (C12b-H13), 79.36-1.45 (C12a-H13), 78.12-1.45 (C9c-H10), 69.22-1.23
(C12c-H13b), 40.40-8.30 (C4-H5), 40.40-1.91 (C4-H2a), 40.40-1.90 (C4-H2b), 40.40-1.45 (C4-H3), 32.69-3.40
(C2a-H4a), 32.69-1.90 (C2a-H2b), 32.69-1.45 (C2a-H3), 32.54-3.36 (C2b-H4b), 32.54-1.91 (C2b-H2a), 32.541.45 (C2a-H3) 31.95-3.23 (C2c-H4c), 31.30-1.23 (C13c-H13b), 28.50-1.45 (C13b-H13), 28.35-1.45 (C13a-H13),
28.12-1.45 (C10a-H10), 28.05-1.45 (C10b-H10), 24.01-3.23 (C3b-H4c), 23.56-8.30 (C3a-H5), 23.56-3.40 (C3a7

H4a/H4b), 23.56-1.91 (C3a-H2). {1H-15N}-HSQC NMR (500, 51 MHz, CDCl3): δ 113.48-11.45 (N7-H7), 95.528.30 (N5-H5), 95.52-3.40 (N5-H4 HMBC signal), -76.88-1.45 (O2N-H3 HMBC signal). {1H-15N}-HMBC NMR
(500, 51 MHz, CDCl3): δ 162.72-8.30 (-C11(O)-N=C6- -H5), 113.48-11.45 (N7-H7 HSQC signal), 113.48-8.30
(N7-H5), 95.52-11.45 (N5-H7), 95.52-8.30 (N5-H5 HSQC signal), 95.52-3.40 (N5-H4).

HRMS (ESI+): m/z calculated for C43H79N10O14 [M+H]+ 959.5772, found 959.5777; C38H71N10O12
[M+H-Boc]+ 859.5247, found 859.5164.

Figure S3. 1H NMR spectrum of 33 in CDCl3 at low concentration revealing clearly resolved peaks with
anticipated splitting patterns.

Figure S4. 1H NMR spectrum of 33 in CDCl3 at high concentration, revealing peak broadening and some
additional resonates (e.g. around 11.5, 8.3 and 3.4 p.p.m.) that were attributed to aggregation of 33.
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Figure S5. 13C NMR spectrum of 33 in CDCl3 at high concentration.

Figure S6. 13C NMR spectrum of 33 in CDCl3 at high concentration zoomed on 165-150, 95-65 and 45-20
ppm.

9

Figure S7. {1H-1H}-COSY NMR spectrum of 33 in CDCl3 at high concentration.

Figure S8. {1H-13C}-HSQC NMR spectrum of 33 in CDCl3 at high concentration.
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Figure S9. {1H-13C}-HMBC NMR spectrum of 33 in CDCl3 at high concentration.

Figure S10. {1H-13C}-HMBC NMR spectrum of 33 in CDCl3 at high concentration zoomed on 100-20 and 4.01.0 ppm.
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Figure S11. {1H-15N}-HSQC NMR spectrum of 33 in CDCl3 at high concentration.

Figure S12. {1H-15N}-HMBC NMR spectrum of 33 in CDCl3 at high concentration.
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Attempted synthesis of 35, producing 36. 36 was prepared following modified literature protocols.[1,7,10]
A suspension of NiCl2 (20 mg, 0.15 mmol, 0.75 eq.) in MeOH (2 mL) was sonicated in an ultranosic bath for
10 min. To this suspension was added NaBH4 (54 mg, 1.43 mmol, 7.15 eq.) and the resulting black
suspension was sonicated for 30 min. After diluting the black suspension with MeOH (2 mL), 33 (195 mg,
0.20 mmol, 1 eq.) and NaBH4 (46 mg, 1.22 mmol, 6.1 eq.) were added and the reaction mixture was
sonicated for 30 min. Subsequently, a last portion of NaBH4 (50 mg, 1.32 mmol, 6.6 eq.) was added and the
reaction mixture was sonicated for 30 min. The black suspension was filtrated through Celite and the
solvent was evaporated in vacuo. The residue was partitioned between H2O and DCM and the aqueous
layer was extracted thrice with DCM. The combined organic layers were dried over Na2SO4, filtrated and
evaporated in vacuo, affording a white solid assumed to be quantitative conversion to amine 34 (as also
judged from 1H NMR, see below) and used without further purification.

1

H NMR of 34: (300 MHz, CDCl3) δ: 11.45 (s, 3H, H13), 8.30 (p, J = 4.1 Hz, 3H, H11), 3.36 (q, J = 6.8, 6.4 Hz,
6H, H10), 3.14 (t, J = 6.9 Hz, 1H, H6), 1.64 – 1.38 (m, 60H, H8, H16, H19), 1.35 – 1.16 (m, 6H, H9).

Figure S13. 1H NMR spectrum of amine 34 (i.e. quantitatively reduced nitro compound 33) in CDCl3. This
compound was used without further purification in the next reaction.
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A portion of trimesic PFP ester (309 mg, 0.44 mmol, 2.2 eq. based on 31) was suspended in DiPEA (0.15 mL,
114 mg, 0.88 mmol, 4.4 eq. based on 31) and dry THF (1.7 mL). To this suspension was added dropwise a
solution of presumed amine 34 (186 mg, 0.20 mmol, 1 eq. based on 31) and DiPEA (0.11 mL, 83 mg, 0.64
mmol, 3.2 eq. based on 31) in dry THF (0.5 mL) at room temperature over a period of 17 h. The resulting
solution was stirred at room temperature for another 22.5 h and the solvent was evaporated in vacuo. The
residue was purified by column chromatography on silica gel (gradient of PE/DCM 7:3; PE/DCM 7:3 with
1% THF; PE/DCM 6:4 with 1% THF; PE/DCM 1:1 with 1% THF; PE/DCM 3:7 with 1% THF; DCM with 1% THF),
affording 36 as a white solid in complex with pentafluorophenol in a 1 : 0.35 molar ratio observed in 19FNMR. As the isolation of 36 is evidence that the NH of a bis-Boc protected guanidine can act as a nucleophile
for pentafuorophenyl esters, this synthesis route was abandoned in favor of the route details in Scheme S1
(yield of 36 was not further determined).
1

H NMR (500 MHz, CDCl3): δ 9.22 (d, J = 1.8 Hz, 2H, H34), 9.01 (d, J = 1.9 Hz, 2H, H4/H36), 8.89 (d, J = 1.7
Hz, 2H, H2), 3.64 (t, J = 6.9 Hz, 2H, H23), 3.34 (t, J = 7.1 Hz, 4H, H10), 2.12 – 2.01 (m, 2H, H21), 1.98 – 1.87
(m, 2H, H8a), 1.87 – 1.77 (m, 2H, H8b), 1.76 – 1.68 (m, 2H, H22), 1.67 – 1.53 (m, 4H, H9), 1.49 (s, 9H, H16b),
1.42 (s, 18H, H16a/H19b), 1.40 (s, 18H, H19a/H28), 1.27 – 1.17 (m, 9H, H31). 19F NMR (282 MHz, CDCl3): δ 148.87 (t, J = 18.9 Hz, 4F, F38/F41), -154.02 (dt, J = 42.5, 21.4 Hz, 2F, F40/F43), -158.78 (q, J = 19.9 Hz, 4F,
F39/F42), -160.01 (dd, J = 17.2, 5.8 Hz, 0.35F, PFPOH), -162.40 (t, J = 22.3 Hz, 0.35F, PFPOH), -168.42 (td, J
= 21.7, 6.0 Hz, 0.18F, PFPOH). 13C{1H} NMR (126 MHz, CDCl3): δ 174.42 (C32), 165.11 (C5), 161.79 (C37),
161.46 (C20), 157.37 (C25), 156.49 (C12), 153.49 (C26 or C29), 153.41 (C26 or C29), 142.69 (CPFP and C14
or C17), 140.69 (CPFP and C14 or C17), 139.30 (CPFP), 138.08 (C3 and C35), 137.25 (CPFP), 137.14 (C34), 135.44
(C2), 135.08 (C4/C36), 128.69 (C1 or C33), 128.47 (C1 or C33), 125.43 (CPFP), 84.35 (C15), 83.98 (C18), 80.13
(C27), 78.03 (C30), 59.86 (C7), 42.00 (C23), 41.21 (C10), 32.44 (C21), 32.29 (C8), 30.42 (C28), 30.04 (C31),
28.34 (C19), 28.16 (C16a), 28.12 (C16b), 23.74 (C9/C22). {1H-1H}-COSY NMR (500, 500 MHz, CDCl3): δ 9.229.01 (H34-H36), 9.01-9.22 (H36-H34), 9.01-8.89 (H4-H2), 8.89-9.01 (H2-H4), 3.64-1.72 (H23-H22), 3.341.60 (H10-H9), 2.07-1.72 (H21-H22), 1.92-1.82 (H8a-H8b), 1.92-1.60 (H8a-H9), 1.82-1.92 (H8b-H8a), 1.821.60 (H8b-H9), 1.72-3.64 (H22-H23), 1.72-2.07 (H22-H21), 1.60-3.34 (H9-H10), 1.60-1.92 (H9-H8a), 1.601.82 (H9-H8b). {1H-13C}-HSQC (500, 126 MHz, CDCl3): δ 137.14-9.22 (C34-H34), 135.44-8.89 (C2-H2),
135.08-9.01 (C4-H4/C36-H36), 42.00-3.64 (C23-H23), 41.21-3.34 (C10-H10), 32.44-2.07 (C21-H21), 32.291.92 (C8-H8a), 32.29-1.82 (C8-H8b), 30.42-1.40 (C28-H28), 30.04-1.22 (C31-H31), 28.34-1.40 (C19-H19a),
28.34-1.42 (C19-H19b), 28.16-1.40 (C16a-H16a), 28.12-1.49 (C16b-H16b), 23.74-1.72 (C22-H22), 23.74-1.60
(C9-H9). {1H-13C}-HMBC (500, 126 MHz, CDCl3): δ 174.42-9.22 (C32-H34), 165.11-8.89 (C5-H2), 161.79-9.22
(C37-H34), 161.79-9.01 (C37-H36), 161.46-9.01 (C20-H4), 161.46-8.89 (C20-H2), 157.37-3.64 (C25-H23),
156.49-3.34 (C12-H10), 137.14-9.22 (C34-H34), 137.14-9.01 (C34-H36), 135.44-9.01 (C2-H4), 135.08-9.22
(C36-H34), 135.08-8.89 (C4-H2), 84.35-1.49 (C15-H16b), 83.98-1.42 (C18-H19b), 80.13-1.40 (C27-H28),
59.86-2.07 (C7-H21), 59.86-1.92 (C7-H8a), 59.86-1.82 (C7-H8b), 41.21-1.92 (C10-H8a), 41.21-1.60 (C10-H9),
32.44-3.64 (C21-H23), 32.44-2.07 (C21-H21), 32.44-1.72 (C21-H22), 32.29-3.34 (C8-H10), 32.29-1.92 (C8H8a), 32.29-1.82 (C8-H8b), 32.29-1.60 (C8-H9, 30.42-1.40 (C28-H28), 30.04-1.22 (C31-H31), 28.34-1.42
(C19-H19b), 28.34-1.42 (C19-H19a), 28.16-1.49 (C16a-H16b), 28.12-1.42 (C16b-H16a), 23.74-3.64 (C22-H23),
23.74-3.34 (C9-H10), 23.74-2.07 (C22-H21), 23.74-1.92 (C9-H8a), 23.74-1.82 (C9-H8b). CPFP = multiplets
originate from pentafluorophenol or pentafluorophenyl esters.
HRMS (ESI+): m/z calculated for C80H77F20N10O20 [M+H-Boc]+ 1877.4996, found 1877.3166; calculated for
C75H69F20N10O18 [M+H-2 Boc]+ 1778.4505, found 1778.3410; calculated for C74H80F15N10O21 [M+H+H2O- BocPFP]+ 1729.5260, found 1729.4367; calculated for C59H75F10N10O15 [M+H-Boc-Bis pfp ester]+ 1353.5254,
found 1352.4000; calculated for C80H78F20N10O20 [M+2 H-Boc]2+ 939.2532, found 939.6693; calculated for
C75H70F20N10O18 [M+2 H-2 Boc]2+ 889.2270, found 889.1492; calculated for C80H77F20N10O20 [M+H-Boc]+
1877.4996, found 1877.3166; calculated for C70H62F20N10O16 [M+2 H-3 Boc]2+ 839.2007, found 839.1409;
14

calculated for C65H54F20N10O14 [M+2 H-4 Boc]2+ 790.1779, found 790.1199; calculated for
C60H46F20N10O12[M+2 H-5 Boc]2+ 739.6500, found 739.5874; calculated for C59H54F15N10O14 [M+2 H-4 BocPFP]2+ 706.6819, found 706.5945.
NB: The lowest monoisotopic mass for some molecular formulas were not highlighted in the acquired mass
spectrum. Therefore, the isotopic species labelled in the acquired mass spectrum was used as assignment
of these species. The Boc, PFP and Bis pfp ester fragments are defined in Figure S14.

Figure S14. Mass fragmentations identified in the mass spectrum of 36.

Figure S15. 1H NMR spectrum of 36 in CDCl3.
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Figure S16. 13C NMR spectrum of 36 in CDCl3.

Figure S17. 19F NMR spectrum of 36 in CDCl3.
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Figure S18. {1H-1H}-COSY NMR spectrum of 36 in CDCl3.

Figure S19. {1H-13C}-HSQC NMR spectrum of 36 in CDCl3.
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Figure S20. {1H-13C}-HMBC NMR spectrum of 36 in CDCl3.

Figure S21. Zoomed HRMS (ESI+) from 1700 till 1950 m/z measured spectrum of 36.
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Figure S22. Zoomed HRMS (ESI+) from 1300 till 1550 m/z measured spectrum of 36.

Figure S23. Zoomed HRMS (ESI+) from 600 till 1100 m/z measured spectrum of 36.

Figure S24. Full HRMS (ESI+) from 400 till 3000 m/z measured spectrum of 36.
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Tris(3-tert-butoxycarbonylaminopropyl)methaneamine (9) was prepared according to a literature
procedure.[7] A suspension of NiCl2 (344 mg, 2.7 mmol, 0.54 eq.) in MeOH (30 mL) was sonicated in an
ultranosic bath for 10 min. To this suspension was added NaBH4 (299 mg, 7.9 mmol, 1.6 eq.) and the
resulting black suspension was sonicated for 30 min. After diluting the black suspension with MeOH (30
mL), 32 (2664 mg, 5.0 mmol, 1 eq.) and NaBH4 (597 mg, 15.8 mmol, 3.2 eq.) were added and the reaction
mixture was sonicated for 30 min. Subsequently, a last portion of NaBH4 (594 mg, 15.7 mmol, 3.1 eq.) was
added and the reaction mixture was sonicated for 30 min. The black suspension was filtrated through Celite
and the solvent was evaporated in vacuo. The residue was partitioned between H2O and DCM and the
aqueous layer was extracted thrice with DCM. The combined organic layers were dried over Na2SO4,
filtrated and evaporated in vacuo, affording the desired product as a white solid without further
purification. Yield: quantitative, 4.99 mmol, 2.51 g.
1

H NMR (400 MHz, CDCl3): δ 4.62 (br, 3H, H6), 3.15–3.01 (m, 6H, H5), 1.50–1.39 (m, 33H, H3/H9), 1.35–
1.24 (m, 6H, H4). 1H NMR is in accordance with literature.

Figure S25. 1H NMR spectrum of 9 in CDCl3.
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Bis-pentafluorophenyl ester 10 was prepared according to a modified literature procedure.[1,10] trimesic
PFP ester (7.80 g, 11 mmol, 2.2 eq.) and DiPEA (3.8 mL, 2.82 g, 22 mmol, 4.4 eq.) were suspended in dry
THF (40 mL). To this suspension was added dropwise a solution of 9 (2.50 g, 5.0 mmol, 1 eq.) and DiPEA
(2.8 mL, 2.08 g, 16 mmol, 3.2 eq.) in dry THF (11 mL) at room temperature over a period of 18 h. The
resulting solution was stirred at room temperature for another 24 h and the solvent was evaporated in
vacuo. The residue was purified by column chromatography on silica gel (gradient of EtOAc/DCM 1:4 and
then EtOAc/DCM 1:1), affording 10 as a white solid. Yield: 62%, 3.1 mmol, 3.2 g.

1

H NMR (400 MHz, CDCl3): δ 9.07 (s, 1H, H4), 8.86 (s, 2H, H2), 6.60 – 6.37 (m, 1H, H6), 4.87 – 4.58 (m, 2H,
H11), 3.29 – 2.86 (m, 6H, H10), 1.99 – 1.68 (m, 6H, H8), 1.55 – 1.44 (m, 6H, H9), 1.39 (s, 27H, H14). 19F NMR
(282 MHz, CDCl3): δ -152.13 (d, J = 18.2 Hz, 4F, F17), -156.70 (t, J = 21.5 Hz, 2F, F19), -161.60 (t, J = 20.3 Hz,
4F, F18). 13C{1H} NMR (101 MHz, CDCl3): δ 163.97 (C5), 161.06 (C15), 156.35 (C12), 141.35 (ddd, J = 254,
12.1, 3.5 Hz, C17), 140.05 (dt, J = 255, 14.1 Hz, C18), 139.42 (t, J = 13.4 Hz, C16), 137.62 (C3), 134.83 (C4),
134.72 (C2), 130.94 (dt, J = 1207, 16.2 Hz, C19), 128.68 (C1), 79.47 (C13), 59.84 (C7), 40.74 (C10), 32.30
(C8), 28.49 (C14), 24.19 (C9). {1H-1H}-COSY NMR (400, 400 MHz, CDCl3): δ 9.07-8.86 (H4-H2), 8.86-9.07 (H2H4), 4.72-3.12 (H11-H10), 3.12-4.72 (H10-H11), 3.12-1.46 (H10-H9), 1.85-1.46 (H8-H9), 1.46-3.12 (H9H10), 1.46-1.85 (H9-H8). {1H-13C}-HSQC (400, 101 MHz, CDCl3): δ 134.83-9.07 (C4-H4), 134.72-8.86 (C2-H2),
40.74-3.12 (C10-H10), 32.30-1.85 (C8-H8), 28.49-1.39 (C14-H14), 24.19-1.46 (C9-H9). {1H-13C}-HMBC (400,
101 MHz, CDCl3): δ 163.97-8.86 (C5-H2), 161.06-8.86 (C15-H2), 161.06-9.07 (C15-H4), 134.83-8.86 (C4-H2),
134.72-9.07 (C2-H4), 128.68-8.86 (C1-H2), 79.47-1.39 (C13-H14), 28.49-1.39 (C14-H14).

HRMS (FD+): m/z calculated for C46H53F10N4O11 [M+H]+ 1027.3551, found 1027.3549; calculated for
C41H45F10N4O9 [M+H-Boc]+ 927.3021, found 927.2899.
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Figure S26. 1H NMR spectrum of 10 in CDCl3.

Figure S27.13C NMR spectrum of 10 in CDCl3.

Figure S28. 13C NMR spectrum of 10 in CDCl3 zoomed on 145-120 ppm.
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Figure S29. 19F NMR spectrum of 10 in CDCl3.

Figure S30. {1H-1H}-COSY NMR spectrum of 10 in CDCl3.
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Figure S31. {1H-13C}-HSQC NMR spectrum of 10 in CDCl3.

Figure S32. {1H-13C}-HMBC NMR spectrum of 10 in CDCl3.
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Figure S33. {1H-13C}-HMBC NMR spectrum of 10 in CDCl3 zoomed on 170-120 and 9.5-7.5 ppm.
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Boc protected dispyridyldispyridyl triamine 11 was prepared according to a modified literature
procedure.[10] A solution of 10 (517 mg, 0.50 mmol, 1 eq.) and 3-aminopyridine (295 mg, 3.13 mmol, 6.3
eq.) in dry pyridine (13 mL) was heated at 100 °C for 41 h. The solvent was evaporated in vacuo and the
solvent was removed by co-evaporating the red residue thrice with toluene. The residue was partitioned
between DCM and water. The organic layer was extracted thrice with water, thrice with 12.5 % ammonia
and then once with brine. The organic layer was then dried over Na2SO4, filtrated and evaporated in vacuo.
Product 11 with toluene (ratio 1:0.3) was isolated without further purification as a dark yellow/orange solid.
Yield: 77%, 0.40 mmol, 337 mg.
1

H NMR (500 MHz, CDCl3): δ 8.75 (s, 2H, H21), 8.51 (s, 1H, H4), 8.33 (s, 2H, H2), 8.23 (d, J = 4.8 Hz, 2H, H20),
8.21 (d, J = 8.4 Hz, 2H, H18), 7.28 (dd, J = 8.3, 4.8 Hz, 2H, H19), 6.90 (s, 1H, H6), 3.04 – 2.86 (m, 6H, H10),
1.84 – 1.52 (m, 6H, H8), 1.42 – 1.32 (m, 6H, H9), 1.29 (s, 27H, H14). 113C{1H} NMR (126 MHz, CDCl3): δ
166.56 (C5), 165.64 (C15), 156.76 (C12), 144.80 (C20), 141.54 (C21), 136.50 (C1), 135.59 (C17), 135.12 (C3),
129.61 (C4), 129.17 (C2), 128.43 (C18), 123.95 (C19), 79.32 (C13), 59.46 (C7), 40.47 (C10), 31.89 (C8), 28.22
(C14), 23.65 (C9). {1H-1H}-COSY NMR (500, 500 MHz, CDCl3): δ 8.75-8.23 (H21-H20), 8.75-8.21 (H21-H18),
8.51-8.33 (H4-H2), 8.33-8.51 (H2-H4), 8.23-8.75 (H20-H21), 8.23-7.28 (H20-H19) 8.21-8.75 (H18-H21),
8.21-7.28 (H18-H19), 7.28-8.23 (H19-H20), 7.28-8.21 (H19-H18) 2.97-1.38 (H10-H9), 1.71-1.38 (H8-H9),
1.38-2.97 (H9-H10), 1.38-1.71 (H9-H8). {1H-13C}-HSQC (500, 126 MHz, CDCl3): δ 144.80-8.23 (C20-H20),
141.54-8.75 (C21-H21), 129.61-8.51 (C4-H4), 129.17-8.33 (C2-H2), 128.43-8.21 (C18-H18), 123.95-7.28
(C19-H19), 40.47-2.97 (C10-H10), 31.89-1.71 (C8-H8), 28.22-1.29 (C14-H14), 23.65-1.38 (C9-H9). {1H-13C}HMBC (500, 126 MHz, CDCl3): δ 166.56-8.33 (C5-H2), 166.56-6.90 (C5-H6), 165.64-8.51 (C15-H4), 165.648.33 (C15-H2), 156.76-2.97 (C12-H10), 144.80-8.75 (C20-H21), 144.80-8.21 (C20-H18), 144.80-7.28 (C20H19), 141.54-8.23 (C21-H20), 141.54-8.21 (C21-H18), 135.59-8.75 (C17-H21), 135.59-8.21 (C17-H18),
135.59-7.28 (C17-H19), 129.61-8.33 (C4-H2), 129.17-8.51 (C2-H4), 129.17-8.33 (C2-H2), 128.43-8.75 (C18H21), 128.43-8.23 (C18-H20), 128.43-7.28 (C18-H19), 123.95-8.23 (C19-H20), 123.95-8.21 (C19-H18),
79.32-1.29 (C13-H14), 59.46-6.90 (C7-H6), 40.47-1.38 (C10-H9), 31.89-6.90 (C8-H6), 31.89-2.97 (C8-H10),
31.89-1.38 (C8-H9), 28.22-1.29 (C14-H14), 23.65-2.97 (C9-H10).
HRMS (ESI+): m/z calculated for C44H63N8O9 [M+H]+ 847.4718, found 847.4727; calculated for C44H62N8NaO9
[M+Na]+ 869.4537, found 869.4547.
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Figure S34. 1H NMR spectrum of 11 in CDCl3.

Figure S35. 13C NMR spectrum of 11 in CDCl3.

Figure S36. 13C NMR spectrum of 11 in CDCl3 zoomed on 170-120 ppm.
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Figure S37. {1H-1H}-COSY NMR spectrum of 11 in CDCl3.

Figure S38. {1H-13C}-HSQC NMR spectrum of 11 in CDCl3.
28

Figure S39. {1H-13C}-HMBC NMR spectrum of 11 in CDCl3.

Figure S40. {1H-13C}-HMBC NMR spectrum of 11 in CDCl3 zoomed on 170-120 and 9.5-6.5ppm.
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Figure S41. HRMS (ESI+) measured spectrum on top, middle calculated for [M+H]+ and bottom calculated
for [M+Na]+.

Figure S42. Zoomed HRMS (ESI+) measured spectrum on top, middle calculated for [M+H]+ and bottom
calculated for [M+Na]+.
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Boc protected dispyridyldispyridyl triguanidine 12 was prepared according to a modified literature
procedure.[8,9] To a suspension of 11 (337 mg, 0.40 mmol, 1 eq.) in 1,4-dioxane (4 mL) was added 8 M HCl
in water (4 mL) and stirred at room temperature for 4 h. The resulting yellow/orange solution was then
basified with 5 M NaOH in water until the pH of the solution was ~7. Then, triethylamine (0.7 mL, 508 mg,
5.0 mmol, 12.6 eq.) was added and the pH was again checked, resulting in a basic solution (pH = ~12). The
basic solution was diluted with DCM (4 mL) and bis-boc-pyrazolocarboxamidine (744 mg, 2.4 mmol, 6.0 eq.)
was added, resulting in a suspension that was stirred vigorously at room temperature for 20 h. The solvent
was concentrated in vacuo and the residue was partitioned between DCM and water. The water layer was
extracted thrice with DCM and the combined organic layers were dried with Na2SO4, filtrated and
evaporated in vacuo. The residue was purified by column chromatography on silica gel (gradient of
DCM/THF 3:1 and then DCM/THF 1:1) and then triturated in Et2O, affording 12 as a white solid. Yield: 69%,
0.275 mmol, 351 mg.
NB: All 1H-NMR resonances of Boc protected dispyridyldispyridyl triguanidine 12 were well resolved in the
aromatic region at lower concentrations, also displaying clear multiplicities (see Figure S43 and Figure S44).
At the higher concentration used for characterization purposes, the 1H-NMR peaks were broadened and
shifted (see Figure S45). This was ascribed to aggregation (in CDCl3 with MeOD) and some resonances are
denoted ‘a’ or ‘b’ in the 13C NMR, based on the relative intensities of these resonances that are assumed
to originate from a similar fragment (‘a’ being the largest). This phenomenon was similar to that observed
for 33 (see Figure S3 and Figure S4).
Low concentration: 1H NMR (300 MHz, CDCl3) δ: 9.02 (d, J = 2.5 Hz, 2H, H26), 8.73 (t, J = 1.7 Hz, 1H, H4),
8.57 (d, J = 1.7 Hz, 2H, H2), 8.48 (dt, J = 8.5, 1.8 Hz, 2H, H25), 8.31 (dd, J = 4.9, 1.4 Hz, 2H, H23), 7.39 (dd, J
= 8.4, 4.9 Hz, 2H, H24), 7.31 (s, 1H, H6), 3.48 – 3.35 (m, 6H, H10), 1.96 – 1.80 (m, 6H, H8), 1.68 – 1.50 (m,
6H, H9), 1.42 (d, J = 7.4 Hz, 54H, H16, H19).
High concentration: 1H NMR (500 MHz, CDCl3): δ 11.46 – 11.21 (br s, 3H, H13), 10.16 (s, 2H, H21), 8.77 (d,
J = 1.4 Hz, 2H, H26), 8.54 (s, 1H, H4), 8.39 (s, 2H, H2), 8.33 (t, J = 5.6 Hz, 3H, H11), 8.28 – 8.17 (m, 4H,
H23/25), 7.29 (dd, J = 8.0, 5.0 Hz, 2H, H24), 7.04 (s, 1H, H6), 3.35 – 3.27 (m, 6H, H10), 1.87 – 1.71 (m, 6H,
H8), 1.58 – 1.43 (m, 6H, H9), 1.36 (s, 27H, H16), 1.34 (s, 27H, H19). 13C{1H} NMR (126 MHz, CDCl3): δ 166.03
(C5a), 165.97 (C5b), 165.64 (C20), 163.10 (C17), 155.99 (C12), 152.99 (C14), 144.68 (C25), 141.55 (C26 a),
141.36 (C26b), 136.16 (C3a), 136.12 (C3b), 135.67 (C22), 135.15 (C1), 129.69 (C4a), 129.57 (C4b), 129.34
(C2a), 129.28 (C2b), 128.43 (C23), 123.94 (C24), 83.34 (C15), 79.49 (C18), 59.25 (C7 a), 59.15 (C7b), 40.76
(C10), 31.77 (C8), 28.08 (C19), 27.86 (C16), 22.99 (C9). {1H-1H}-COSY NMR (500, 500 MHz, CDCl3): δ 8.7731

8.23 (H26-H23/25), 8.54-8.39 (H4-H2), 8.39-8.54 (H2-H4), 8.33-3.30 (H11-H10), 8.23-8.77 (H23/25-H26),
8.23-7.29 (H23/25-H24), 7.29-8.23 (H24-H23/25), 3.30-8.33 (H10-H11), 3.30-1.51 (H10-H9), 1.80-1.51 (H8H9), 1.51-3.30 (H9-H10), 1.51-1.80 (H9-H8). {1H-13C}-HSQC (500, 126 MHz, CDCl3): δ 144.68-8.23 (C25-H25),
141.42-8.77 (C26-H26), 129.60-8.54 (C4-H4), 129.30-8.39 (C2-H2), 128.43-8.23 (C23-H23), 123.94-7.29
(C24-H24), 40.76-3.30 (C10-H10), 31.77-1.80 (C8-H8), 28.08-1.34 (C19-H19), 27.86-1.36 (C16-H16), 22.991.51 (C9-H9). {1H-13C}-HMBC (500, 126 MHz, CDCl3): δ 166.00-7.04 (C5-H6), 166.00-8.39 (C5-H2), 165.6410.16 (C20-H21), 165.64-8.54 (C20-H4), 165.64-8.39 (C20-H2), 155.99-3.30 (C12-H10), 144.68-8.77 (C25H26), 144.68-8.23 (C25-C23), 144.68-7.29 (C25-H24), 141.45-10.16 (C26-H21), 141.45-8.23 (C26-H25),
136.14-8.54 (C3-H4), 135.67-8.77 (C22-H26), 135.67-8.23 (C22-H23), 135.15-8.39 (C1-H2), 129.61-8.39
(C4-H2), 129.31-8.54 (C2-H4), 128.43-10.16 (C23-H21), 128.43-8.77 (C23-H26), 128.43-8.23 (C23-H25),
123.94-8.77 (C24-H26), 123.94-8.23 (C24-H23/25), 83.34-1.36 (C15-H16), 79.49-1.34 (C18-H19), 59.207.04 (C7-H6), 59.20-1.80 (C7-H8), 40.76-1.80 (C10-H8), 40.76-1.51 (C10-H9), 31.77-7.04 (C8-H6), 31.773.30 (C8-H10), 31.77-1.51 (C8-H9), 28.08-1.34 (C19-H19), 27.86-1.36 (C16-H16), 22.99-3.30 (C9-H10),
22.99-1.80 (C9-H8).
HRMS (ESI+): m/z calculated for C62H93N14O15 [M+H]+ 1273.6945, found 1273.6931.

Figure S43. 1H NMR spectrum of 12 at low concentration in CDCl3.

Figure S44. 1H NMR spectrum of 12 at low concentration in CDCl3 zoomed on 9.5-7.0 ppm.
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Figure S45. 1H NMR spectrum of 12 at high concentration in CDCl3 with CD3OD.

Figure S46. 13C NMR spectrum of 12 in CDCl3 with CD3OD.

Figure S47. 13C NMR spectrum of 12 in CDCl3 with CD3OD zoomed on 170-120 ppm.
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Figure S48. {1H-1H}-COSY NMR spectrum of 12 in CDCl3 with CD3OD.

Figure S49. {1H-13C}-HSQC NMR spectrum of 12 in CDCl3 with CD3OD.
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Figure S50. {1H-13C}-HMBC NMR spectrum of 12 in CDCl3 with CD3OD.

Figure S51. {1H-13C}-HMBC NMR spectrum of 12 in CDCl3 with CD3OD zoomed on 170-120 and 11-6.5 ppm.
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DispyridylDispyridyl penta salt 13. To a suspension of 12 (417 mg, 0.33 mmol, 1 eq.) in 1,4-dioxane (5 mL)
and MilliQ water (1.8 mL) was added nitric acid (460 µL, 65% in water), resulting in a 1M nitric acid solvate.
The suspension was heated at 50 °C for 22 h and the resulting yellow solution was allowed to cool to room
temperature. Subsequently, the product was precipitated out with THF (without stabilizer). The general
centrifugation procedure was followed thrice with fresh THF (without stabilizer) every step. The
supernatant of the last step was checked for neutral pH (~7) and after removal of the THF supernatant, the
precipitate was suspended in toluene. Likewise, the general centrifugation procedure was followed thrice
with fresh toluene every step. After removal of the last toluene supernatant, the precipitate was
transferred to a vial as solid or suspension in toluene. The toluene was evaporated in vacuo and the residual
traces of toluene and THF in the precipitate were co-evaporated in vacuo with MilliQ water (3 x 5 mL). The
residue was then redissolved in MilliQ water (1 mL) and freeze dried overnight, affording the desired penta
nitric acid salt 11 without further purification as a white fluffy powder. Yield: 74%, 0.242 mmol, 239 mg.
General centrifugation procedure: The precipitate was suspended in fresh solvent (30 mL), sonicated for 15
min, centrifuged for 15 min (4000 rpm) and the supernatant was replaced with fresh solvent (30 mL).
1

H NMR (500 MHz, D2O): δ 9.37 (d, J = 1.8 Hz, 2H, H20), 8.70 (s, 1H, H4), 8.64 (d, J = 9.4 Hz, 2H, H19), 8.61
(d, J = 5.6 Hz, 2H, H17), 8.48 (d, J = 1.4 Hz, 2H, H2), 8.05 (dd, J = 8.4, 5.7 Hz, 2H, H18), 3.30 – 3.19 (m, 6H,
H10), 1.97 – 1.82 (m, 6H, H8), 1.68 – 1.54 (m, 6H, H9). 13C{1H} NMR (126 MHz, D2O, externally referenced
to TMS): δ 168.31 (C5), 167.33 (C14), 156.66 (C12), 138.32 (C17), 137.46 (C16), 136.54 (C19), 134.89 (C20),
134.26 (C1/3), 130.31 (C2), 129.65 (C4), 127.20 (C18), 59.61 (C7), 40.97 (C10), 30.86 (C8), 22.05 (C9). {1H1
H}-COSY NMR (500, 500 MHz, CDCl3): δ 9.37-8.64 (H20-H19), 9.37-8.61 (H20-H17), 8.70-8.48 (H4-H2),
8.64-9.37 (H19-H20), 8.64-8.05 (H19-H18), 8.61-9.37 (H17-H20), 8.61-8.05 (H17-H18), 8.48-8.70 (H2-H4),
3.25-1.65 (H10-H9), 1.90-1.65 (H8-H9), 1.65-3.25 (H9-H10), 1.65-1.90 (H9-H8). {1H-13C}-HSQC (500, 126
MHz, CDCl3): δ 138.32-8.61 (C17-H17), 136.54-8.64 (C19-H19), 134.84-9.37 (C20-H20), 130.31-8.48 (C2H2), 129.65-8.70 (C4-H4), 127.20-8.05 (C18-H18), 40.97-3.25 (C10-H10), 30.86-1.90 (C8-H8), 22.05-1.65
(C9-H9). {1H-13C}-HMBC (500, 126 MHz, CDCl3): δ 168.31-8.48 (C5-H2), 167.33-8.70 (C14-H4), 167.33-8.48
(C14-H2), 156.66-3.25 (C12-H10), 138.32-9.37 (C17-H20), 138.32-8.64 (C17-H19), 138.32-8.05 (C17-H18),
137.46-8.05 (C16-H18), 136.54-9.37 (C19-H20), 136.54-8.61 (C19-H17), 134.89-8.64 (C20-H19), 134.898.61 (C20-H17), 130.31-8.70 (C2-H4), 130.31-8.48 (C2-H2), 129.65-8.48 (C4-H2), 127.20-8.64 (C18-H19),
127.20-8.61 (C18-H17), 59.61-1.95 (C7-H8), 40.97-1.90 (C10-H8), 40.97-1.65 (C10-H9), 30.86-3.25 (C8H10), 30.86-1.90 (C8-H8), 30.86-1.65 (C8-H9), 22.05-3.25 (C9-H10), 22.05-1.90 (C9-H8). 1H 2D-DOSY (500,
500 MHz, CDCl3): log (D) = -9.57 m2/s, with d20 = 0.22 sec and p30 = 750 µsec.
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HRMS (ESI+) of penta nitric acid salt 13 was performed with the presence of D2O. Therefore, only isotopes
with two to four deuterium atoms were visible. For simplicity, these deuterium atoms have been assigned
to the complexed water. Deuterium was simulated by using H2, this causes a small lower m/z value of
0.002307 m/z per deuterium, due to the higher mass of a neutron compared with a proton. Figure S59 Figure S617 show the measured versus the simulated mass spectra of [M-NO3+2 HDO]+, [MNO3+HDO+D2O]+ and [M-NO3+2 D2O]+, respectively. Figure S62 shows the measured versus the combined
spectra of [M-NO3+2 HDO]+, [M-NO3+HDO+D2O]+ and [M-NO3+2 D2O]+, were the sum of the intensity is in
a 1 : 1.5 : 1 ratio, respectively.
HRMS (ESI+): m/z calculated for (C32H44N14O3)(HNO3)4H(HDO)2 [M-NO3+2 HDO]+ 963.3998, found 963.5293;
calculated for (C32H44N14O3)(HNO3)4H(HDO)(D2O) [M-NO3+HDO+D2O]+ 964.4076, found 964.5316;
calculated for (C32H44N14O3)(HNO3)4H(D2O)2 [M-NO3+2 D2O]+ 965.4155, found 965.5327.

Figure S52. 1H NMR spectrum of 13 in D2O.

Figure S53. 13C NMR spectrum of 13 in D2O.
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Figure S54. {1H-1H}-COSY NMR spectrum of 13 in D2O.

Figure S55. {1H-13C}-HSQC NMR spectrum of 13 in D2O.
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Figure S56. {1H-13C}-HMBC NMR spectrum of 13 in D2O.

Figure S57. {1H-13C}-HMBC NMR spectrum of 13 in D2O zoomed on 170-120 and 10-7.5 ppm.
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Figure S58. 1H 2D-DOSY NMR spectrum of 13 in D2O.

Figure S59. CSI HRMS measured spectrum of 13 on top (blue) and bottom (green) calculated spectrum for
[M-NO3+2 HDO]+.
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Figure S60. CSI HRMS measured spectrum of 13 on top (blue) and bottom (green) calculated spectrum for
[M-NO3+HDO+D2O]+.

Figure S61. CSI HRMS measured spectrum of 13 on top (blue) and bottom (green) calculated spectrum for
[M-NO3+2 D2O]+.
41

Figure S62. CSI HRMS measured spectrum of 13 on top (blue) and bottom (green) summed calculated
spectra of [M-NO3+2 HDO]+, [M-NO3+HDO+D2O]+ and [M-NO3+2 D2O]+, were the sum of the intensity is in
a 1 : 1.5 : 1 ratio, respectively.
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Neutralized dispyridyldispyridyl ligand 13. To a solution of penta nitric acid salt 13 (13.8 mg, 14 µmol, 1 eq.)
in D2O (3430 µL) was added 5M NaOH in D2O (5.2 µL, 26 µmol, 1.9 eq.). An aliquot of the resulting solution
(490 µL) was placed in a NMR tube and diluted with D2O (110 µL), forming a 3.33 mM solution of 13 in D2O
(600 µL, NB: only the three guanidiniums are as nitrate salt, not the pyridyl rings).
1

H NMR (500 MHz, D2O): δ 8.77 (d, J = 2.4 Hz, 2H, H20), 8.56 (s, 1H, H4), 8.41 (d, J = 4.4 Hz, 2H, H19), 8.39
(s, 2H, H2), 8.12 (d, J = 8.4 Hz, 2H, H17), 7.54 (dd, J = 8.4, 4.9 Hz, 2H, H18), 3.24 (t, J = 6.6 Hz, 6H, H10), 1.97
– 1.83 (m, 6H, H8), 1.69 – 1.56 (m, 6H, H9). 1H 2D-DOSY (500, 500 MHz, CDCl3): log (D) = -9.57 m2/s, with
d20 = 0.22 sec and p30 = 750 µsec.

Figure S63. 1H NMR spectrum of deprotonated dispyridyl ligand 13 in D2O.
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Figure S64. 1H 2D-DOSY NMR spectrum of deprotonated ligand 13 in D2O.
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Pd2L4 cage (7). A solution of penta nitric acid salt 13 (13.8 mg, 14 µmol, 1 eq.) in D2O (3430 µL) was
neutralized by adding 5M NaOH in D2O (5.2 µL, 26 µmol, 1.9 eq.). Afterwards, a fresh suspension of ~10
mM Pd(NO3)2 (3.7 mg, 13.89 µmol, 1 eq.) in D2O (1389 µL) was prepared and after quickly mixing on a
vortex (less than 2 min), the suspension was filtrated through a syringe filter. An aliquot from the Pd(NO3)2
filtrate (770 µL, 7.7 µmol, 0.55 eq.) was added to the neutralized solution of 13 solution within 10 minutes
after preparing the Pd(NO3)2 solution (see also Figure S65). The resulting yellow tinted solution was
sonicated for 30 min, resulting in the desired complex 7 as a stock solution of 0.83 mM in D2O (4200 µL).
1

H NMR (500 MHz, D2O): δ 9.74 (d, J = 1.7 Hz, 8H, Hd), 8.92 (s, 4H, Hf), 8.86 (d, J = 6.4 Hz, 8H, Ha), 8.43 (d, J
= 7.9 Hz, 8H, Hc), 8.39 (s, 8H, Hg), 7.65 (dd, J = 8.4, 6.3 Hz, 8H, Hb), 3.18 (t, J = 6.7 Hz, 24H, Hk), 1.99 – 1.71
(m, 24H, Hi), 1.69 – 1.36 (m, 24H, Hj). 13C{1H} NMR (126 MHz, D2O, externally referenced to TMS): δ 166.65
(C14), 156.57 (C12), 138.39 (C5), 137.49 (C16), 133.98 (C3), 132.17 (Cc), 130.00 (Cf), 129.92 (Cg), 128.76
(C1), 59.53 (C7), 40.88 (Ck), 30.69 (Ci), 21.94 (Cj). {1H-1H}-COSY NMR (500, 500 MHz, CDCl3): δ 9.74-8.43 (HdHc), 8.92-8.39 (Hf-Hg), 8.86-7.65 (Ha-Hb), 8.43-9.74 (Hc-Hd), 8.43-7.65 (Hc-Hb), 8.39-8.92 (Hg-Hf), 7.65-8.86
(Hb-Ha), 7.65-8.43 (Hb-Hc), 3.18-1.50 (Hk-Hj), 1.80-1.50 (Hi-Hj), 1.50-3.18 (Hj-Hk), 1.50-1.80 (Hj-Hi). {1H-13C}HSQC (500, 126 MHz, CDCl3): δ 146.90-8.86 (Ca-Ha), 143.20-9.74 (Cd-Hd), 132.17-8.43 (Cc-Hc), 130.01-8.92
(Cf-Hf), 129.93-8.39 (Cg-Hg), 127.37-7.65 (Cb-Hb), 40.90-3.18 (Ck-Hk), 30.70-1.80 (Ci-Hi), 21.95-1.50 (Cj-Hj).
{1H-13C}-HMBC (500, 126 MHz, CDCl3): δ 168.19-8.39 (C5-Hg), 166.65-8.92 (C14-Hf), 166.65-8.39 (C14-Hg),
156.57-3.18 (C12-Hk), 146.90-9.74 (Ca-Hd), 146.90-8.43 (Ca-Hc), 143.20-8.86 (Cd-Ha), 143.20-8.43 (Cd-Hc),
137.50-7.65 (C16-Hb), 132.17-8.86 (Cc-Ha), 130.01-8.39 (Cf-Hg), 129.93-8.92 (Cg-Hf), 127.37-8.86 (Cb-Ha),
30.70-3.18 (Ci-Hk), 21.95-3.18 (Cj-Hk), 21.95-1.80 (Ci-Hj). 1H 2D-DOSY (500, 500 MHz, CDCl3): log (D) = -9.83
m2/s, with d20 = 0.22 sec and p30 = 750 µsec.
CSI HRMS of 7 was measured in the presence of D2O. Therefore, some of the NH protons were exchanged
for deuterium (ND). The amount of exchangeable protons in each ligand is 18 (15 NH + 3 HNO3), and thus
72 in 7. Furthermore, a mixture of nitrate and chloride anions has been observed in the measurements,
due to the poor ionization of nitrate compounds. The molecular formula of 7 is [Pd2(C32H47N14O3)4][NO3]16,
however to distinguish the exchangeable protons from the others, the molecular formula will be written as
follow: [Pd2(C32H29N14O3)4(HnD72-n)][(NO3)m(Cl)16-c-m]c+, where ‘c’ is the charge number of the species, n is the
amount of exchangeable protons and m is the amount of nitrate anions.
CSI HRMS: m/z calculated for [Pd2(C32H29N14O3)4(H72)][(NO3)2(Cl)6]8+ [M]8+ 406.5219, found 406.5349
(Δ31.98); m/z calculated for [Pd2(C32H29N14O3)4(H62D10)][(NO3)4(Cl)4]8+ [M]8+ 414.4096, found 414.4096
(Δ0.00); m/z calculated for [Pd2(C32H29N14O3)4(H67D5)][(NO3)5(Cl)3]8+ [M]8+ 417.1581, found 417.1587
(Δ1.44); m/z calculated for [Pd2(C32H29N14O3)4(H57D15)][Cl9]7+ [M]7+ 464.1712, found 464.1789 (Δ16.59); m/z
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calculated for [Pd2(C32H29N14O3)4(H62D10)][(NO3)1(Cl)8]7+ [M]7+ 467.3124, found 467.3245 (Δ25.89); m/z
calculated for [Pd2(C32H29N14O3)4(H66D6)][(NO3)2(Cl)7]7+ [M]7+ 470.5973, found 470.6111 (Δ29.32); m/z
calculated for [Pd2(C32H29N14O3)4(H50D22)][(NO3)2(Cl)7]7+ [M]7+ 472.8974, found 472.8937 (Δ-7.82); m/z
calculated for [Pd2(C32H29N14O3)4(H54D18)][(NO3)3(Cl)6]7+ [M]7+ 476.1823, found 476.1798 (Δ-5.25); m/z
calculated for [Pd2(C32H29N14O3)4(H55D17)][(NO3)4(Cl)5]7+ [M]7+ 479.6128, found 479.6102 (Δ-5.42); m/z
calculated for [Pd2(C32H29N14O3)4(H47D25)][Cl10]6+ [M]6+ 549.0384, found 549.0469 (Δ15.48); m/z calculated
for [Pd2(C32H29N14O3)4(H37D35)][Cl10]6+ [M]6+ 551.0487, found 551.0418 (Δ-12.52); m/z calculated for
[Pd2(C32H29N14O3)4(H62D10)][(NO3)1(Cl)9]6+ [M]6+ 551.0259, found 551.0418 (Δ28.86); m/z calculated for
[Pd2(C32H29N14O3)4(H62D10)][(NO3)2(Cl)8]6+ [M]6+ 555.5292, found 555.5448 (Δ28.08); m/z calculated for
[Pd2(C32H29N14O3)4(H63D9)][(NO3)3(Cl)7]6+ [M]6+ 559.8647, found 559.8799 (Δ27.15); m/z calculated for
[Pd2(C32H29N14O3)4(H55D17)][(NO3)4(Cl)6]6+ [M]6+ 565.7097, found 565.7095 (Δ-0.35); m/z calculated for
[Pd2(C32H29N14O3)4(H54D18)][(NO3)5(Cl)5]6+ [M]6+ 570.0474, found 570.0434 (Δ-7.02); m/z calculated for
[Pd2(C32H29N14O3)4(H56D16)][(NO3)6(Cl)4]6+ [M]6+ 574.2152, found 574.2133 (Δ-3.31); m/z calculated for
[Pd2(C32H29N14O3)4(H69D3)][(NO3)7(Cl)3]6+ [M]6+ 576.5382, found 576.5437 (Δ9.54); m/z calculated for
[Pd2(C32H29N14O3)4(H72)][(NO3)8(Cl)2]6+ [M]6+ 580.5384, found 580.5450 (Δ11.37); m/z calculated for
[Pd2(C32H29N14O3)4(H45D26)][Cl7]8+ [M-HCl]8+ 398.6653, found 398.6608 (Δ-11.29); m/z calculated for
[Pd2(C32H29N14O3)4(H44D26)][Cl7]7+ [M-2 HCl]7+ 455.4736, found 455.4685 (Δ-11.20); m/z calculated for
[Pd2(C32H29N14O3)4(H52D18)][(NO3)1(Cl)6]7+ [M-2 HCl]7+ 458.1835, found 458.1814 (Δ-4.58); m/z calculated for
[Pd2(C32H29N14O3)4(H60D10)][Cl8]6+ [M-2 HCl]6+ 534.3641, found 534.3785 (Δ26.95).

Figure S65. Pictures showing the visible degradation of Pd(NO3)2 in D2O over a day. Pd(NO3)2 in D2O solution
was used in a window of 10 min after suspending the Pd(NO3)2 in D2O.

Figure S66. 1H NMR spectrum of neutralized 7 in D2O.
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Figure S67. 1H NMR spectra stack of stepwise addition formation of 7 starting from 13.

Figure S68. 13C NMR spectrum of neutralized 7 in D2O.
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Figure S69. {1H-1H}-COSY NMR spectrum of neutralized 7 in D2O.

Figure S70. {1H-13C}-HSQC NMR spectrum of neutralized 7 in D2O.
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Figure S71. {1H-13C}-HMBC NMR spectrum of neutralized 7 in D2O.

Figure S72. {1H-13C}-HMBC NMR spectrum of neutralized 7 in D2O zoomed on 170-120 and 10-7.5 ppm.
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Figure S73. 1H 2D-DOSY NMR spectrum of neutralized 7 in D2O.
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Full spectrum

Figure S74. Zoom-in of the CSI HRMS spectrum measured of 7 (top, in blue) together with calculated isotope distributions (bottom, green). See
inset figure for full spectrum and Figure S75 to Figure S90 for comparisons of the isotope distributions of all the calculated isotope distributions.
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Figure S75. CSI HRMS isotope pattern of a feature measured around m/z 398 (top, blue) that was modelled
with [Pd2(C32H29N14O3)4(H45D26)][Cl7]8+ (bottom, green).

Figure S76. CSI HRMS isotope pattern of a feature measured around m/z 406 (top, blue) that was modelled
with [Pd2(C32H29N14O3)4(H72)][(NO3)2(Cl)6]8+ (bottom, green).
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Figure S77. CSI HRMS isotope pattern of two features measured around m/z 414 and 417 (top, blue) that
were modelled with [[Pd2(C32H29N14O3)4(H62D10)][(NO3)4(Cl)4]8+ and [Pd2(C32H29N14O3)4(H67D5)][(NO3)5(Cl)3]8+
respectively (bottom, green).

Figure S78. CSI HRMS isotope pattern of two features measured around m/z 455 and 458 (top, blue) that
were modelled with [Pd2(C32H29N14O3)4(H44D26)][Cl7]7+ and [Pd2(C32H29N14O3)4(H52D18)][(NO3)1(Cl)6]7+
respectively (bottom, green).
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Figure S79. CSI HRMS isotope pattern of two features measured around m/z 464 and 467 (top, blue) that
were modelled with [Pd2(C32H29N14O3)4(H57D15)][Cl9]7+ and [Pd2(C32H29N14O3)4(H62D10)][(NO3)1(Cl)8]7+
respectively (bottom, green).

Figure S80. CSI HRMS isotope pattern of two features measured around m/z 470 and 472 (top, blue) that
were modelled with [Pd2(C32H29N14O3)4(H66D6)][(NO3)2(Cl)7]7+ and [Pd2(C32H29N14O3)4(H50D22)][(NO3)2(Cl)7]7+
respectively (bottom, green).
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Figure S81. CSI HRMS isotope pattern of two features measured around m/z 476 and 479 (top, blue) that
were modelled with [Pd2(C32H29N14O3)4(H54D18)][(NO3)3(Cl)6]7+ and [Pd2(C32H29N14O3)4(H55D17)][(NO3)4(Cl)5]7+
respectively (bottom, green).

Figure S82. CSI HRMS isotope pattern of a feature measured around m/z 534 (top, blue) that was modelled
[Pd2(C32H29N14O3)4(H60D10)][Cl8]6+ (bottom, green).
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Figure S83. CSI HRMS isotope pattern of two features measured around m/z 549 and 551 (top, blue) that
were modelled with [Pd2(C32H29N14O3)4(H47D25)][Cl10]6+ and with both [Pd2(C32H29N14O3)4(H37D35)][Cl10]6+ and
[Pd2(C32H29N14O3)4(H62D10)][(NO3)1(Cl)9]6+ respectively (bottom, green).

Figure S84. CSI HRMS isotope pattern of a feature measured around m/z 551 (top, blue) that was modelled
with both [Pd2(C32H29N14O3)4(H37D35)][Cl10]6+ and [Pd2(C32H29N14O3)4(H62D10)][(NO3)1(Cl)9]6+ (bottom, green).
This implies that the measured spectrum is an average of the two modeled isotope distributions.
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Figure S85. CSI HRMS isotope pattern of a feature measured around m/z 555 (top, blue) that was modelled
with [Pd2(C32H29N14O3)4(H62D10)][(NO3)2(Cl)8]6+ (bottom, green).

Figure S86. CSI HRMS isotope pattern of a feature measured around m/z 559 (top, blue) that was modelled
with [Pd2(C32H29N14O3)4(H63D9)][(NO3)3(Cl)7]6+ (bottom, green).
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Figure S87. CSI HRMS isotope pattern of a feature measured around m/z 565 (top, blue) that was modelled
with [Pd2(C32H29N14O3)4(H55D17)][(NO3)4(Cl)6]6+ (bottom, green).

Figure S88. CSI HRMS isotope pattern of a feature measured around m/z 570 (top, blue) that was modelled
with [Pd2(C32H29N14O3)4(H54D18)][(NO3)5(Cl)5]6+ (bottom, green).
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Figure S89. CSI HRMS isotope pattern of two features measured around m/z 574 and 476 (top, blue) that
were modelled with [Pd2(C32H29N14O3)4(H56D16)][(NO3)6(Cl)4]6+ and [Pd2(C32H29N14O3)4(H69D3)][(NO3)7(Cl)3]6+
respectively (bottom, green).

Figure S90. CSI HRMS isotope pattern of a feature measured around m/z 580 (top, blue) that was modelled
with [Pd2(C32H29N14O3)4(H72)][(NO3)8(Cl)2]6+ (bottom, green).
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Section S3. NMR studies of 7
Section S3a. Formation of 7 in D2O for titration studies and dilution study of 7

[Pd2L4][NO3]16 cage (7). To a solution of 13 (13.8 mg, 14 µmol, 1 eq.) in D2O (3430 µL) was added 5M NaOH
in D2O (5.2 µL, 26 µmol, 1.9 eq.). Afterwards, a fresh suspension of ~10 mM Pd(NO3)2 (3.7 mg, 13.89 µmol,
1 eq.) in D2O (1389 µL) was prepared and after quickly mixing on a vortex mixer (less than 2 min), the
suspension was filtrated through a syringe filter. An aliquot from the Pd(NO3)2 filtrate (770 µL, 7.7 µmol,
0.55 eq.) was added quickly to the solution. The resulting yellow tinted solution was sonicated for 30 min,
resulting in the desired cage 7 as a stock solution of 0.83 mM in D2O (4200 µL). The stock solution was
checked for acidity and if necessary adjusted to a pH* of 7.0-7.4 (physiological acidity) with small amounts
of known aliquots of NaOH or HNO3 in D2O, keeping the change in volume less than 1% (42µL). The
molarities that were made in advance in D2O: 5M NaOH, 1M NaOH, 0.1M NaOH, 0.01M NaOH, 1M HNO3,
0.1M HNO3 and 0.01M HNO3. This species was monomeric in the concentration cage used in the titration
(0.83 – 0.37 mM) as is detailed in Figure S91.
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Figure S91. 1H-NMR spectra of 7 in D2O at room temperature in the concentration range used in a titration
experiment (0.833 – 0.366 mM). The vertical dashed red lines are added as a guide to the eye to emphasize
that no peak-shifting was observed. This is highly indicative of a monomeric form of 7 under the conditions
used in titration experiments.
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Section S3b. Binding studies of 7 in D2O

Figure S92. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-glucose (14) in D2O at
pH* 7.4. The guest stock solution concentration was 0.250 M. Initial concentration of host = 0.83 mM. The
vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts observed at
the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with stepwise constants
of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines with ‘Host’ = green,
‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we interpret these shifts as
the onset of genuine 1:1 binding with an affinity close to the detection limit of about 3 M-1 and report such
shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated by the altered scale in the
bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S93. Top: 1H NMR spectra and assignment of a binding study of cage 7 with N-acetyl-D-glucosamine
(15) in D2O at pH* 7.2. The guest stock solution concentration was 0.250 M. Initial concentration of host =
0.83 mM. The vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts
observed at the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with
stepwise constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines
with ‘Host’ = green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we
interpret these shifts as the onset of genuine 1:1 binding with an affinity close to the detection limit of
about 3 M-1 and report such shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated
by the altered scale in the bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S94. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-galactose (16) in D2O
at pH* 7.2. The guest stock solution concentration was 0.253 M. Initial concentration of host = 0.83 mM.
The vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts observed
at the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with stepwise
constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines with ‘Host’
= green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we interpret these
shifts as the onset of genuine 1:1 binding with an affinity close to the detection limit of about 3 M -1 and
report such shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated by the altered
scale in the bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S95. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-mannose (17) in D2O
at pH* 7.1. The guest stock solution concentration was 0.252 M. Initial concentration of host = 0.83 mM.
The vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts observed
at the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with stepwise
constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines with ‘Host’
= green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we interpret these
shifts as the onset of genuine 1:1 binding with an affinity close to the detection limit of about 3 M-1 and
report such shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated by the altered
scale in the bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S96. Top: 1H NMR spectra and assignment of a binding study of cage 7 with methyl-β-D-glucoside
(18) in D2O at pH* 7.2. The guest stock solution concentration was 0.250 M. Initial concentration of host =
0.83 mM. The vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts
observed at the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with
stepwise constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines
with ‘Host’ = green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we
interpret these shifts as the onset of genuine 1:1 binding with an affinity close to the detection limit of
about 3 M-1 and report such shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated
by the altered scale in the bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S97. Top: 1H NMR spectra and assignment of a binding study of cage 7 with methyl-α-D-glucoside
(19) in D2O at pH* 7.0. The guest stock solution concentration was 0.250 M. Initial concentration of host =
0.83 mM. The vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts
observed at the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with
stepwise constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines
with ‘Host’ = green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we
interpret these shifts as the onset of genuine 1:1 binding with an affinity close to the detection limit of
about 3 M-1 and report such shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated
by the altered scale in the bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S98. Top: 1H NMR spectra and assignment of a binding study of cage 7 with Methyl-β-D-Nacetylglucosamine (20) in D2O at pH* 7.4. The guest stock solution concentration was approximately 0.19
M. Initial concentration of host = 0.83 mM. The vertical red dashed lines were added as a guide to the eye.
Bottom left: the shifts observed at the end of the titration could be modelled (not fitted) with HypNMR to
a 1:2 model with stepwise constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown
as coloured lines with ‘Host’ = green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of
saturation, we interpret these shifts as the onset of genuine 1:1 binding with an affinity close to the
detection limit of about 3 M-1 and report such shifts as ‘not binding’ in the paper. The shifts are the largest
observed of the non-binding sugars as illustrated by the altered scale in the bottom right figure (the Δδ max
of binding typically exceeds ± 0.1 p.p.m.).
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Figure S99. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-sucrose (21) in D2O at
pH* 7.4. The guest stock solution concentration was 0.252 M. Initial concentration of host = 0.83 mM. The
vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts observed at
the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with stepwise constants
of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines with ‘Host’ = green,
‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we interpret these shifts as
the onset of genuine 1:1 binding with an affinity close to the detection limit of about 3 M-1 and report such
shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated by the altered scale in the
bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S100. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-cellobiose (22) in D2O
at pH* 7.0. The guest stock solution concentration was 0.250 M. Initial concentration of host = 0.83 mM.
The vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts observed
at the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with stepwise
constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines with ‘Host’
= green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we interpret these
shifts as the onset of genuine 1:1 binding with an affinity close to the detection limit of about 3 M -1 and
report such shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated by the altered
scale in the bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S101. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-lactose (23) in D2O at
pH* 7.1. The guest stock solution concentration was 0.250 M. Initial concentration of host = 0.83 mM. The
vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts observed at
the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with stepwise constants
of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines with ‘Host’ = green,
‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we interpret these shifts as
the onset of genuine 1:1 binding with an affinity close to the detection limit of about 3 M-1 and report such
shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated by the altered scale in the
bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S102. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-fructose (24) in D2O
at pH* 7.1. The guest stock solution concentration was 0.247 M. Initial concentration of host = 0.83 mM.
The vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts observed
at the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with stepwise
constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines with ‘Host’
= green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we interpret these
shifts as the onset of genuine 1:1 binding with an affinity close to the detection limit of about 3 M -1 and
report such shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated by the altered
scale in the bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S103. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-maltose (25) in D2O
at pH* 7.2. The guest stock solution concentration was 0.264 M. Initial concentration of host = 0.83 mM.
The vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts observed
at the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with stepwise
constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines with ‘Host’
= green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we interpret these
shifts as the onset of genuine 1:1 binding with an affinity close to the detection limit of about 3 M -1 and
report such shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated by the altered
scale in the bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S104. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-maltotriose (26) in
D2O at pH* 7.3. The guest stock solution concentration was 0.250 M. Initial concentration of host = 0.83
mM. The vertical red dashed lines were added as a guide to the eye. Bottom left: the very small shifts
observed at the end of the titration could be modelled (not fitted) with HypNMR to a 1:2 model with
stepwise constants of 1.3 and 2.5 M-1. The modelled species distributions is also shown as coloured lines
with ‘Host’ = green, ‘Host-Guest’ = blue, and ‘Host-Guest2’ = brown. Due to the lack of saturation, we
interpret these shifts as the onset of genuine 1:1 binding with an affinity close to the detection limit of
about 3 M-1 and report such shifts as ‘not binding’ in the paper. That the shifts are very small is illustrated
by the altered scale in the bottom right figure (the Δδmax of binding typically exceeds ± 0.1 p.p.m.).
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Figure S105. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-glucuronic acid (27)
in D2O at pH* 7.4. The guest stock solution concentration was 0.233 M. Initial concentration of host = 0.83
mM. The vertical red dashed lines were added as a guide to the eye. Bottom: HypNMR binding analysis
following proton signals a, c, d, f and g of the cage. The shifts were fitted to a 1:1 binding model with Ka =
6.6 M-1 (rsd = 2.9%). The modelled species distributions is also shown as coloured lines with ‘Host’ = green
and ‘Host-Guest’ = blue.
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Figure S106. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-galacturonic acid (28)
in D2O at pH* 7.2. The guest stock solution concentration was 0.251 M. Initial concentration of host = 0.83
mM. The vertical red dashed lines were added as a guide to the eye. Bottom: HypNMR binding analysis
following proton signals a, c, d, f and g of the cage. The shifts were fitted to a 1:1 binding model with Ka =
8.3 M-1 (rsd = 3.8%). The modelled species distributions is also shown as coloured lines with ‘Host’ = green
and ‘Host-Guest’ = blue.
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Figure S107. Top: 1H NMR spectra and assignment of a binding study of cage 7 with D-sialic acid (29) in D2O
at pH* 7.1. The guest stock solution concentration was 0.235 M. Initial concentration of host = 0.83 mM.
The vertical red dashed lines were added as a guide to the eye. Bottom: HypNMR binding analysis following
proton signals a, d, g and f of the cage. The shifts were fitted to a 1:1 binding model with Ka = 24.0 M-1 (rsd
= 1.0%). The modelled species distributions is also shown as coloured lines with ‘Host’ = green and ‘HostGuest’ = blue.

77

Figure S108. 1H NMR spectra (with zoom-in) and 1D NOESY spectrum recorded after exciting the resonances
around 8.1 p.p.m. that belongs to an unknown impurity in Neu5Ac 29. The sample is the same as the one
used for Figure 4b in the main text (after a titration and after heating). The lack of an nOe between II and
a resonance in the carbohydrate region (together with the presence of nOe’s between 29 and 7) excludes
the possibility that this impurity is binding instead of 29.
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Section S3. Supporting characterization of β-Neu5Ac 29.

The sample was basified to a pH* of 7.3 with a 5 M NaOD solution and analyzed as described below. Only
the major species was fully assigned (β-anomer, 92.5% in the measured sample).
1

H NMR (500 MHz, D2O): δ 4.07 – 4.01 (m, 1H, H4), 3.99 (d, J = 10.6 Hz, 1H, H6), 3.93 (dd, J = 10.2, 2.9 Hz,
1H, H5), 3.85 (dd, J = 11.8, 2.8 Hz, 1H, H9b), 3.76 (ddd, J = 9.2, 6.3, 2.8 Hz, 1H, H8), 3.62 (dd, J = 11.9, 6.4
Hz, 1H, H9a), 3.52 (d, J = 9.2 Hz, 1H, H7), 2.26 – 2.17 (m, 1H, H3b), 2.06 (s, 3H, H11), 1.83 (t, J = 12.2 Hz, 1H,
H3a). 13C NMR (126 MHz, D2O, externally referenced to TMS): δ 176.59 (C1), 174.73 (C10), 96.30 (C2), 70.28
(C8), 70.19 (C6), 68.52 (C7), 67.25 (C4a), 67.20 (C4b), 63.27 (C9), 52.24 (C5), 39.34 (C3), 22.10 (C10). {1H1
H}-COSY NMR (500, 500 MHz, CDCl3): δ 4.04-3.99 (H4-H6), 4.04-3.93 (H4-H5), 4.04-2.21 (H4-H3b), 4.041.83 (H4-H3a), 3.99-4.04 (H6-H4), 3.99-3.93 (H6-H5), 3.93-4.04 (H5-H4), 3.93-3.99 (H5-H6), 3.85-3.62 (H9bH9a), 3.76-3.85 (H8-H9b), 3.76-3.62 (H8-H9a), 3.76-3.52 (H8-H7), 3.62-3.85 (H9a-H9b), 3.62-3.76 (H9a-H8),
3.52-3.99 (H7-H6), 3.52-3.76 (H7-H8), 2.21-4.04 (H3b-H4), 2.21-1.83 (H3b-H3a), 1.83-4.04 (H3a-H4), 1.832.21 (H3a-H3b). {1H-13C}-HSQC (500, 126 MHz, CDCl3): δ 70.28-3.76 (C8-H8), 70.19-3.99 (C6-H6), 68.52-3.52
(C7-H7), 67.25-4.04 (C4b-H4), 67.20-4.04 (C4a-H4), 63.27-3.85 (C9-H9b), 63.27-3.62 (C9-H9a), 52.24-3.93
(C5-H5), 39.34-2.21 (C3-H3b), 39.34-1.83 (C3-H3a), 22.10-2.06 (C11-H11). {1H-13C}-HMBC (500, 126 MHz,
CDCl3): δ 176.59-2.21 (C1-H3b), 176.59-1.83 (C1-H3a), 174.73-3.93 (C11-H5), 174.73-2.06 (C11-H10), 96.303.99 (C2-H6), 96.30-2.21 (C2-H3b), 96.30-1.83 (C2-H3a), 70.28-3.85 (C8-H9b), 70.28-3.62 (C8-H9a), 70.283.52 (C8-H7), 70.19-3.93 (C6-H5), 70.19-3.76 (C6-H8), 68.52-3.93 (C7-H5), 68.52-3.85 (C7-H9b), 68.52-3.76
(C7-H8), 68.52-3.62 (C7-H9a), 67.25-3.99 (C4b-H6), 67.25-3.93 (C4b-H5), 67.25-2.21 (C4b-H3b), 67.25-1.83
(C4b-H3a), 67.20-3.99 (C4a-H6), 67.20-3.93 (C4a-H5), 67.20-2.21 (C4a-H3b), 67.20-1.83 (C4a-H3a), 63.27-3.76
(C9-H8), 63.27-3.52 (C9-H7), 52.24-4.04 (C5-H4), 52.24-3.99 (C5-H6), 52.24-3.76 (C5-H8), 52.24-3.52 (C5H7), 52.24-2.21 (C5-H3b), 52.24-1.83 (C5-H3a), 39.34-4.04 (C3-H4).
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Figure S109. 1H NMR spectrum of 29 in D2O at pH* 7.3. Note that the resonances around 8-8.5 p.p.m. are
an impurity of at most about 3%.

Figure S110. 1H NMR spectrum of 29 in D2O at pH* 7.3 zoomed on 4.5-1.0 ppm.

Figure S111. 13C NMR spectrum of 29 in D2O at pH* 7.3.
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Figure S112. {1H-1H}-COSY NMR spectrum of 29 in D2O at pH* 7.3.

Figure S113. {1H-13C}-HSQC NMR spectrum of 29 in D2O at pH* 7.3.
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Figure S114. {1H-13C}-HMBC NMR spectrum of 29 in D2O at pH* 7.3.

Figure S115. {1H-13C}-HMBC NMR spectrum of 29 in D2O at pH* 7.3 zoomed on 75-45 and 4.1-1.8 ppm.
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Section S4. Modeling of 7
All calculations were performed using Spartan 2016 with molecular mechanics (MMFF force field) or
density functional theory (DFT) at the ωB97X-D / 6-31G* level of theory. The dispersion correction was
applied because it is known that dispersion forces can be significant in inclusion complexes, especially those
containing aromatic rings.[11] The core of cage 7 has been modelled before[10] and was used as starting
point for the modelling in this article. To gain a (simple) model of possible binding modes between cage 7
and several carbohydrates, models were generated of the cage (tetra cationic) bound to the three anionic
carbohydrates 27–29. The starting geometries were obtained by using the coordinates of the energy
minimum cage and manually placing the carbohydrate within the cage’s cavity (the carbohydrate geometry
was obtained by a DFT conformational search). After positioning the carbohydrate, a conformational search
(MMFF) of the complex was performed by allowing all rotatable C–C, C–O and O–H bonds to undergo a
fourfold rotation. In all cases, this resulted in a minimum representing >80% of the Boltzmann distribution.
The most stable conformer of this minimum was geometry optimized using unconstrained DFT (ωB97X-D /
6-31G*), resulting in the complexes shown in Figure S116.

Figure S116. Left: structure overlay of the DFT geometry optimized binding of D-glucoronate (27) and D-galacturonate (28) in cage
7 (ωB97X-D / 6-31G*). Hydrogen bonds are shown as yellow dashed lines and the distances are given in Å for the glucoronate
(black) and galacturonate (magenta). Right: Space filling representations of cage 7 bound to glucoronate (grey background) and
galacturonate (magenta background) as viewed along perspective A, B and C. The hydrogen bonding interactions involving the
pyridyl CH’s that are highlighted in the paper have been omitted for clarity but can be seen in perspective B by some overlap of
the van der Waals shells of the CH hydrogen and the OH oxygen.
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For the models with 29, the structure shown in Figure S117b was obtained using the above described
protocol. 1,2 From this structure, a new model was generated where one guanidinium arm of the solubilizing
group was taken into account. In this new model, all coordinates of the initial structure (i.e., the one shown
in Figure S117b) were frozen, except for the methylamide H-bonded to the carboxylate and the newly
added coordinates of the guanidinium model. This structure was subjected to a conformational search
(keeping the frozen atoms in place) using MMFF and the resulting energy minimum was subjected to an
unconstrained geometry optimization with DFT to give the structure shown in Figure S117c.

Figure S117. a) Structure of Neu5Ac 29 with labeling of C-atoms in red; b) space filling representation of 29 bound by a model of 7
with the solubilizing groups modelled by methylamides as obtained by unrestricted geometry optimization with DFT / ωB97X-D /
6-31G*. Highlighted is a hydrogen bond between the carboxylate (C1) and an amide form the solubilizing group.; c) space filling
representation of 29 bound by a model of 7 with one solubilizing guanidine incorporated as obtained by unrestricted geometry
optimization with DFT / ωB97X-D / 6-31G*. Highlighted is a salt bridge between the carboxylate (C1) and the guanidinium (also
highlighted in the main text).

1

For the model with Neu5Ac 29, we also performed the conformational search starting from the carbohydrate placed outside of
the cage (not shown), but this resulted in adducts that are about 40 kcal·mol-1 less stable than the adduct with 29 inside the cage,
which is far outside the cutoff window of about 10 kcal·mol-1 used in the conformational search.
2 One might wonder is Neu5Ac 29 is not too large to enter a portal, if this is the mechanism of binding (binding might also involve
de- and re-coordination of a pyridyl ligand). In the model with bound 29 (Figure S117b), the CH∙∙∙HC distances involving ‘f’ are about
8 Å and the NH···HN distances are about 7.5 Å. As one of the shorter dimensions of 29 is about 5-6 Å (O4···O2C), 29 can fit through
a portal with that side of the carbohydrate first. The cage also has flexibility due to the rotatable amides and this can facilitate
(further) entry into the cage.
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