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1. General Experimental

Synthesis: Unless otherwise stated, all reagents, including anhydrous solvents, were
purchased from commercial sources and used without further purification. Reactions
were carried out under ambient conditions unless otherwise stated. Solid phase
peptide synthesis was carried out on a CEM Liberty Blue Microwave Peptide
Synthesiser; an Eppendorf Centrifuge 5910 Ri was used for centrifugation; a SP
Scientific Bench Top Pro Lyophiliser was used for drying. Preparative HPLC was
performed on a Waters LC Prep AutoPurification System. Chromatographic
separation was performed on an XSelect CSH C18 OBD Prep Column (130 A, 5 ym,
19 x 150 mm). The instrument was operated at a flow rate 25 mL min-! with an injection
volume of 750 pL.

Analysis: NMR spectra were acquired on a Bruker Ascend 400 equipped with a BBO
Smart Probe, an Avance Ill 600 equipped with a 'H/'3C/'®N triple-resonance PFG
cryoprobe, a Bruker Avance NEO 600 MHz equipped with a TCI Cryoprobe Prodigy
TH/'8C/'SN a Bruker Avance Il 700 MHz equipped with a QCI Cryoprobe
TH/18C/'SN/'P or an Avance Il HD 950 equipped with a 'H/'3C/®N triple-resonance
PFG cryoprobe at a constant temperature of 298 K unless stated otherwise. Chemical
shifts are reported in parts per million from low field to high field, and referenced to
residual solvent or internal standards. Coupling constants (J) are reported in Hertz
(Hz), and standard abbreviations indicating multiplicity were used as follows: m =
multiplet, sext = sextet, quint = quintet, q = quartet, t = triplet, d = doublet, s = singlet,
app = apparent and br = broad. Signal assignment was carried out using 2D NMR
methods (HSQC, HMBC, COSY, NOESY, ROESY) where necessary. J-Modulated
Spin-Acho 8C NMR spectra were acquired an Avance lll 600 using the standard
Bruker “jmod” pulse sequence. 'H DOSY NMR spectra were acquired on an Avance
[I 600 using the pulse sequence “ledbpgp2s”. Data were collected using 32 gradient
strengths with a relaxation delay of 2 s. Data were processed in MestReNova using
Bayesian method, resolution factor 100 and repetitions 8, to obtain diffusion
coefficients. Diffusion coefficients were subsequently used to calculate hydrodynamic
radii using the Stokes-Einstein equation:

Equation S1.
kgT

r= 6mnD

Where r = hydrodynamic radius, ks = Boltzmann constant, T = temperature, n = medium viscosity and
D = diffusion coefficient.

Low resolution mass spectrometry and UPLC analysis was performed on a Waters
Acquity H-class UPLC coupled with a Waters SQD2 mass spectrometer.
Chromatographic separation was performed on an ACQUITY UPLC BEH C18 column
(130 A 1.7 pum, 2.1 x 50 mm) with the following conditions: Solvent A: H2O:MeCN
(95:5) + 2 mM ammonium acetate; Solvent B: MeCN; gradient of 0 — 100% B over 2
min. The instrument was operated at a flow rate of 0.8 mL min-! with a column
temperature of 45 °C and an injection volume of 5 L.



ESI-HRMS were recorded on an Orbitrap Exploris 120 mass spectrometer. The ESI
source was operated in positive-negative switching mode at spray voltages of 3500
and -2500 V in the positive and negative modes, respectively. Sheath gas was set to
35, auxiliary gas to 7 and sweep gas to 1. The ion transfer tube temperature was set
to 280 °C and the vaporiser temperature was set to 250 °C. A mass range of 400 —
3000 Da was scanned at a resolution of 120,000. Unless otherwise stated, all solutions
used for ESI-HRMS analysis were diluted with H20 to ~ 200 yM.

Circular dichroism (CD) spectra were recorded on a JASCO J-815 CD
Spectropolarimeter equipped with a JASCO CDF-426S/15 Peltier temperature
controller using quartz cells (Hellma) of 0.1, 0.2 and 1 mm pathlength in H20 at 273 K
unless otherwise stated. The scans were recorded from 190 — 400 nm with the
following parameters: 0.2 nm data pitch, 2 nm bandwidth, 200 nm min-! scanning
speed and are the sum of 25 accumulations. The background corresponding to the
solvent and cuvette’s absorption was recorded and subtracted from sample
measurements and all spectra were smoothed using the Savitzky-Golay method with
convolution width of 15.

lon mobility studies were performed by Warwick AMS RTP on a commercial basis.
lonisation was by direct infusion in positive ionisation mode using a custom nanospray
ion source, using pulled a glass capillary. NanoESI capillary voltage applied: 1500 V.
Dry gas flow rate: 4.0 L/min. Dry temperature: 200 °C. Carrier gas: N2. TIMS
temperature: 305 K. Entrance pressure: 2.67 mbar. Exit pressure: 0.97 mbar. IMS
Ramp Start: 0.3 V-s/cm?. IMS Ramp End: 1.5 V-s/cm?. Standard MS spectra and lon
Mobility measurements were acquired using timsTOF Pro (mass range of m/z 400 —
3000). All mass spectra were calibrated by a quadratic calibration function, and all ion
mobility spectra were calibrated by a linear function, using commercially available low
concentration tuning mix from Agilent. Reduced mobilities were converted into collision
cross-sections (CCS) using the Mason-Schamp equation.S']



2. General Procedures

All solid phase peptide synthesiser (SPPS) reactions were run on a 0.167 mmol scale,
and general procedures are written at this scale. All steps were performed with no
isolation or purification of intermediates unless specifically stated.

Resin loading measurement was performed according to literature procedures, and
the average loading found to be 0.017 mmol g'.152]

a. General SPPS Procedure

Stock solutions were prepared to the following specifications: Fmoc-Pro-OH (0.2 M),
Fmoc-(2S,4R)-Hyp(‘Bu)-OH (0.2 M), Fmoc-(25,4S)-Hyp(Bu)-OH (0.1 M), ethyl
cyano(hydroxyimino)acetate (1.0 M), and N,N’-diisopropylcarbodiimide (1.0 M) in
DMF. Fmoc deprotection was carried out by addition of 10 mL of 20% (v/v) piperidine
in DMF for 50 s, temperature 90 °C and microwave power 30 W, and the resin washed
with DMF (4 x 7 mL) and drained. 5.0 mL of amino acid solution was added to the
reaction vessel, followed by 2.0 mL 1.0 M N,N’-diisopropylcarbodiimide and 1.0 mL
1.0 M ethyl cyano(hydroxyimino)acetate. For each amino acid, the following coupling
conditions were used:

Temperature Microwave Hold Time (s)
(°C) Power (W)
Fmoc-Pro-OH 90 30 120
Fmoc-(2S,4R)-Hyp('Bu)-OH | 50 60 480
Fmoc-(2S,4S)-Hyp('‘Bu)-OH | 90 40 1800

Table S1. SPPS coupling conditions for different amino acids.
The reaction vessel was drained and washed with DMF (4 x 7 mL).
Capping Protocol

Following SPPS, the resin was transferred to a falcon tube and a solution of pivalic
anhydride in 1:1 CH2Cl2:DMF (10 mL, 10% (v/v)) was added. The mixture was shaken
for 45 mins, filtered, and the resin washed with CH2Cl2 (10 x 5 mL).

Resin Cleavage and Global Deprotection

The resin was transferred to a falcon tube and treated with a cleavage mixture (10 mL,
v/iv, TFEA:Triisopropyl silane:H20 38:1:1). The slurry was shaken for 2 hours, filtered
and the resin washed with further cleavage mixture (5 mL). The filtrate was reduced
in vacuo to a volume of ~2 — 5 mL. Diethyl ether (40 mL) was added to yield a white
precipitate which was separated via centrifugation (3000 rpm, 10 mins), followed by
decanting the solvent from the pellet. The pellet was then resuspended in diethyl ether
(10 mL), sonicated, and then re-centrifuged (3000 rpm, 10 mins) twice. After the final



trituration, the solvent was decanted and the pellet allowed to air dry. Desired peptide
formation was confirmed by LCMS.

b. General Ester Coupling

Crude peptide residue was used after resin cleavage with no purification.

Crude peptide residue (assumed 0.167 mmol, 100% yield, based on SPPS synthesis),
DMAP (61.1 mg, 0.5 mmol), isonicotinic acid (123.1 mg, 1.00 mmol) and EDC.HCI
(191.7 mg, 1.00 mmol) were dissolved in CH2Cl2 (12.5 mL) in a sealed microwave vial
under an inert atmosphere. The reaction mixture was then stirred for 16 hours, turning
to an orange/brown solution. The mixture was diluted in CHCls:isopropyl alcohol (3:1
v/v, 30 mL) and washed with H20 (3 x 30 mL). The aqueous phase was re-extracted
with CHCls:isopropyl alcohol (3:1 v/v, 3 x 30 mL), and the combined organic phases
were then washed with brine (30 mL), dried (MgSO4) and concentrated in vacuo to
yield a brown oily crude residue.

c. General Cage Synthesis

As previously reported,iS31 cage formation was found to be highly sensitive to
equivalencies of metal salt.

To synthesise a sample of cage at concentration of n, a solution of [Pyr-Proline Rod]
in D20 was prepared to approximately 8n mM the desired cage concentration. The
exact concentration was then determined by comparison with a known standard of
DSS, then a solution of the desired palladium salt, [PdX], in D20 would be prepared
at 4n mM. Approximately 2.2 eq of [PdX] solution was added and the mixture checked
by NMR. Provided the relative Cage:Ligand ratio was as expected, the subsequent
0.8 eq PdX solution would be added, yielding a solution of Cage at n mM.



3. Synthesis of Peptide Rods & Precursors

Pyridine functionalised proline rods undergo ester hydrolysis in D20 at room
temperature, and so while care was taken to limit time in solution prior to obtaining full
characterisation, there is unavoidably a small amount of hydrolysis present that is not
visible by LCMS or in samples run immediately on dissolution. Internal proline residues
along the oligoproline rods resolve as overlapping multiplets so they have been given
one label for the NMR assignments to reduce confusion. The five membered ring
systems showed diastereotopic splitting of many of the protons, often leading to their
resolving separately. Where this has occurred, the first proton will be labelled as Ha
and the second as Ha, assigned arbitrarily based on which signal is at the higher ppm.

As discussed in the manuscript, PPIl folding is destabilised when using 4S-
hydroxyproline, instead of the naturally occurring 4R-hydroxyproline, and they adopt
some degree of PPI folding by cis-trans isomerism of the amide backbone bonds.[$4]
In systems which show greater amounts of PPI this can be observed by NMR. We
verify the purify of these samples by their LCMS-HPLC traces.



Pyr-Peptide Rod L™-R
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LR was prepared by following the General SPPS Procedure, then the crude residue
was submitted to the General Coupling Procedure without purification. Preparative
HPLC, using a gradient of 10 — 40% MeCN in H20, which was then dried by
lyophilisation, yielded LR as a white powder (60.2 mg, 51% overall yield).

"H NMR (600 MHz, D20) & 8.74 (app. dd, 4H, 4 of He, Ho or Hu), 8.67 (d, J = 6.3 Hz,
2H, 2 of He, Ho or Hu), 7.95 (app. d, 4H, 4 of Hg, Hn or Ht), 7.92 (d, J = 6.3 Hz, 2H, 2 of
Hg, Hn or Ht), 5.75 (br s, 2H, Hc and Hs), 5.60 (br s, 1H, Hm), 4.95 (app. g, 2H, Hg and
Hq), 4.79 — 4.67 (m, 8H Hk and Hw), 4.37 (app. t, 2H, Ho and Hr) 4.22 (d, J = 12.6 Hz,
1H, H), 4.07 (dd, J = 12.4, 4.0 Hz, 1H, Hr), 4.02 (dd, J = 12.8, 3.7 Hz, 1H, Hy), 3.99 —
3.93 (m, 1H, Hr), 3.90 — 3.78 (m, 7H, 7 of Hx), 3.70 — 3.58 (m, 5H, 5 of Hn), 3.51 — 3.46
(m, 2H, 2 of Hn), 2.71 (app. quin, 2H, Hf and Hv), 2.54 (dd, J = 13.9, 8.9 Hz, 1H, Hp),
2.38 —2.29 (m, 7H, 6 of Hj, and Hv), 2.23 —2.19 (m, 1H, 1 of Hj)), 2.17 — 2.00 (m, 14H,
Hr, Hp, 12 of Hi and Hj) 1.97 — 1.86 (m, 8H, 8 of Hi and Hj), 1.72 (app. h, 1H, 1 of Hj),
and 1.25 (s, 9H, Ha). 13C NMR (151 MHz, D20) & 180.2, 175.7, 172.9, 172.1, 171.8,
171.6, 171.5, 171.5, 171.5, 171.4, 170.6, 165.7, 165.7, 149.7, 149.7, 149.6, 137.8,
137.6, 1238.5, 123.3, 76.3, 75.3, 74.9, 59.0, 58.8, 58.7, 58.7, 58.5, 58.5, 58.4, 58.3,
57.1,54.0,53.1,52.4,47.7, 47.7, 47 .6, 47.5, 47 .4, 38.3, 34.8, 33.1, 32.3, 28.1, 27.9,
27.9, 27.8, 27.8, 26.2, 24.7, 24.5, 24.5, and 24.4. ESI-HRMS: m/z observed 718.3337
[L7R + 2H]?*, calc. 718.3377, (Figure S10).
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Figure S1. '"H NMR (D20, 600 MHz, 298 K) of L"-R.
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Figure S2. 13C JMOD (D20, 151 MHz, 298 K) of L":R.
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Pyr-Peptide Rod L4R
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L*R was prepared by following the General SPPS Procedure, then the crude residue
was submitted to the General Coupling Procedure. Preparative HPLC, using a
gradient of 10 — 40% MeCN in H20, which was then concentrated by lyophilisation,
yielded L*R as a white powder (56.0 mg, 47% overall yield).

1H NMR (600 MHz, D20) & 8.74 — 8.73 (app. t, 4H, He and Hu), 8.70 (d, J = 6.2 Hz,
2H, Ho), 7.99 (d, J = 5.4 Hz, 2H, Hy), 7.97 (d, J = 6.2 Hz, 2H, Hn), 7.89 (d, J = 5.3 Hz,
2H, 2 of Hd), 5.75 (app. d, 2H, Hm and Hs), 5.64 (br s, 1H, Hm), 4.98 (t, J= 8.5 Hz, 1H,
Hq), 4.90 (t, J=8.5 Hz, 1H, Hg) 4.77 — 4.65 (m, 8H, Hk and Hw), 4.35 — 4.33 (app. d,
2H, Hi, Hr), 4.30 (d, J = 12.6 Hz, 1H, Hb), 4.06 — 3.98 (m, 3H, Hv, Hr and Hr), 3.94 —
3.77 (m, 7H, Hn), 3.67 — 3.42 (m, 7H, Hr), 2.80 — 2.71 (m, 2H, Hp and Hv), 2.48 (dd, J
=14.2, 8.1 Hz, 1H, Hr), 2.39 — 2.24 (m, 8H, Hy, Hv, 6 of Hj), 2.21 — 1.85 (m, 22H, HFf’,
21 of Hi and Hj), 1.67 (h, J= 6.5 Hz, 1H, 1 of H;), and 1.23 (s, 9H, Ha).'*C NMR (151
MHz, D20) & 180.1, 175.8, 172.8, 172.2, 171.6, 171.6, 171.5, 171.5, 171.5, 171 .4,
170.7, 165.8, 165.6, 149.7, 149.6, 137.8, 137.5, 123.5, 123.5, 123.2, 75.8, 75.5, 75.3,
59.0, 58.8, 58.7, 58.6, 58.5, 58.5, 58.4, 58.4, 57.3, 53.7, 53.0, 52.9, 47.8, 47.7, 47 .6,
47.5, 47 .4, 38.3, 34.7, 33.5, 32.1, 28.1, 27.9, 27.9, 27.9, 27.8, 27.8, 26.2, 24.6, 24.6,
24.5,24.5, and 24.4. ESI-HRMS: m/z observed 718.3371 [L*R + 2H]?+, calc. 718.3377,
(Figure S20).
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L"S was prepared by following the General SPPS Procedure, then the crude residue
was submitted to the General Coupling Procedure. Preparative HPLC, using a
gradient of 10 — 40% MeCN in H20, which was then concentrated by lyophilisation,
yielded L7 as a white powder (18.9 mg, 16% overall yield).

"H NMR (600 MHz, D20) &: 8.79 (d, J = 6.0 Hz, 2H, Ho), 8.76 (d, J = 6.0 Hz, 4H, He
and Hu), 8.01 —7.98 (app. t, 4H, Hn and Hq), 7.93 (d, J= 6.0 Hz, 2H, Hy), 5.78 (m, 1H,
Hm), 5.70 (m, 1H, H¢), 5.63 — 5.61 (br t, 1H, Hs), 4.97 — 4.94 (app t, 2H, Hg and Hm),
4.71 —4.69 (m, 3H, 3 of Hk), 4.61 —4.57 (m, 1H, 2 of Hw), 4.27 (app. d, 2H, Ho and H)),
4.08 (d, 1H, Hr), 3.85—3.62 (m, 11 H, 10 of Hn, Hyv), 3.47 (d, J= 11.9 Hz, 1H, H/), 3.41
—3.37 (m, 1H, 1 of Hn), 3.36 (dd, J = 5.5 Hz, 11.9 Hz) 1H, Hr), 3.33 — 3.25 (m, 1H, 1
of Hn), 3.07 — 3.03 (app. g, 1H, 1 of Hhn), 2.86 — 2.78 (m, 1H, Hp), 2.75 - 2.69 (m, 1H,
Hr), 2.65 — 2.60 (m, 1H, Hv), 2.50 (d, J = 14.9 Hz, 1H, Hp), 2.44 (d, J = 14.9 Hz, 1H,
Hv), 2.35 (d, J = 14.9 Hz, 1H, Hp), 2.29 — 2.24 (m, 2H, H)), 2.15 — 1.78 (m, 26H, 12 of
Hi, 14 of Hi), 1.30 (s, 9H, Ha). 13C NMR (151 MHz, D20) & 180.3, 179.9, 175.4, 174.5,
173.4, 171.6, 171.2, 169.7, 165.6, 165.4, 149.8, 149.5, 149.4, 149.1, 138.6, 138.5,
138.5, 138.3, 137.5, 124.1, 124.0, 123.9, 123.3, 123.1, 123.0, 76.0, 75.5, 75.4, 75.1,
75.1,73.7,72.3, 59.9, 59.8, 59.0, 58.9, 58.9, 58.6, 58.5, 58.4, 58.1, 58.1, 57.8, 57.8,
57.7, 58.5, 52.9, 52.8, 47.6, 47.5, 471, 47.0, 36.3, 36.2, 34.5, 34.5, 34.2, 34.2, 32.6,
32.5,27.8,27.7,27.7,27.7, 27.6, 27.6, 27.5, 27.5, 26.4, 24.5, 24.5, 24 .3, 24.2.*
ESI-HRMS: m/z observed 718.3342 [L7-S + 2H]?+, calc. 718.3377 (Figure S30).

*Some peaks have been assigned from 2D NMR spectroscopy.
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m2 s-1, giving a hydrodynamic radius of 13.9 A.
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L*S was prepared by following the General SPPS Procedure, then the crude residue
was submitted to the General Coupling Procedure. Preparative HPLC, using a
gradient of 10 — 40% MeCN in H20, which was then concentrated by lyophilisation,
yielded L*S as a white powder (47.3 mg, 40% overall yield).

'H NMR (600 MHz, D20) &: 8.77 (d, J = 6.0 Hz, 2H, Ho), 8.76 — 8.73 (m, 4H, He and
Hu), 8.00 (d, J=6.1 Hz, 2H, Hd), 7.97 (d, J= 6.0 Hz, 2H, Hn), 7.92 (d, J= 6.2, 2H, H),
5.78 — 5.74 (app t, 1H, Hs) 5.74 — 5.68 (app q, 1H, H¢), 5.69 — 5.65 (app t, 1H, Hm),
4.96 (d, J=10.1 Hz, 1H, Hg), 4.85 — 4.73 (m, 3H, 1 of Hk, Hq and Hw), 4.72 — 4.61 (m,
2H, 2 of Hx), 4.61 — 4.54 (m, 1H, 1 of Hx), 4.30 (dd, J = 12.6, 5.0 Hz, 1H, H:), 4.27 (d,
J=2.8 Hz, 2H, Hb), 3.99 (d, J = 13.0 Hz, 2H, Hiand Hr), 3.90 — 3.47 (m, 16H, 12 of
Hh, 3 of Hk, Hr), 3.29 — 3.21 (m, 1H, 1 of Hr), 3.01 —2.93 (m, 1H, 1 of Hn), 2.78 — 2.62
(m, 3H, Ht, Hp and Hv), 2.51 (d, J = 14.5 Hz, 1H, Hv), 2.45 — 1.75 (m, 30H, Hr, 14 of
Hi, 14 of Hj, Hp), 1.31 (s, 9H, Ha). 13C NMR (151 MHz, D20) &: 179.9, 175.4, 173.1,
172.0, 171.7, 171.5, 171.4, 171.4, 170.9, 170.4, 169.4, 165.7, 165.5, 165.2, 149.7,
149.5, 149.4, 138.4, 138.3, 137.6, 124.0, 123.3, 123.2, 76.0, 75.5, 75.1, 59.9, 59.5,
59.3, 59.0, 58.5, 58.5, 58.3, 58.2, 58.2, 57.9, 57.8, 57.7, 53.5, 52.9, 52.8, 52.7, 47.6,
475,472,471, 47.0, 38.7, 34.6, 33.8, 32.4, 28.2, 27.8, 27.8, 27.7, 27.7, 27.6, 27.5,
26.4,24.7,24.7,24.5,24.5,24.3, 24.3, 24.1. ESI-HRMS: m/z observed 718.3340 [L*S
+ 2HJ?*, calc. 718.3377 (Figure S40).
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Figure S31. 'H NMR (D0, 600 MHz, 298 K) of L*S.
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Figure S33. 'H-H COSY (D20, 600 MHz, 298 K) of L*S.
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40 4

20 +

-20 -1

-40 +

-60 -

Ae (M'em™)

-80 -

-100 -

120 4

140 |

-160

190 210 230 250 270 290
Wavelength (nm)

Figure S39. CD spectrum of L*S in H,O (293 K, 0.15 mM, 1 mm). Minima and maxima observed at 206
nm and 230 nm. Reduction in intensity of maximum consistent with decrease in PPII character.

= 3.0e+06]

©
2.5e+06 q
2.0e+06/| ‘
1.5e+06; ‘
1.0e+06/ ‘ l
5.0e+05 | ‘
0.0e+001 — — ‘y — { T — 4y 4y
-5.0e+05/ ‘
-1.0e+06/
-1.5e+061
-2.0e+061
-2.5e+061

-3.0e+061 . . . :
718.5 719.0 719.5 720.0 720.5
m/z

Figure S40. HRMS experimental (top) and calculated (bottom) isotope patterns of [L*S + 2H]z2+.

31



4. Synthesis of Metal Peptidic Cages

The diastereoisomeric splitting that often occurs in cages results in a significant
increase in complexity from the starting ligand.

For PdsL”-R4, in adopting the cis CCNN isomer, the ligand environment splits into two
distinct sets of peaks, the ‘left’ and the ‘right’ side from the cage.S3!

Where it is possible to discern signals that belong to a particular ‘side’, the peaks will
be noted in red or blue respectively, the colour being chosen arbitrarily as we are
unable to unambiguously assign a ‘left’ or ‘right’, but the colour being consistent, by
following correlations through spin systems. Signal overlap and weak HMBC signal
prevented full assignments being made, but where possible specific peaks have been
assigned, and will be reported below.

As previously reported,S81 NMR relaxation times complicated assignments. The
increased T2 relaxation rate, particularly on the atoms closest to the palladium centre,
caused loss of signals in HMBC spectra, where a long evolution delay is required (60
ms) to transfer polarisation via long range couplings. HSQC provided stronger signals,
where the delay is only of the order of 12 ms. Likewise, '3C direct-detected
experiments suffered low signal-to-noise, and the weaker signals from quaternary
carbons were often absent.

As the cages are prepared in D20, there is a level of deuterium exchange on the
terminal free amide, which has been accounted for in the MS simulations.
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Metal-Peptidic Cage PdsL"R4(BF4)s
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PdsL7-R4(BF4)s was prepared by submitting L7-7 to the General Cage Procedure. This
yielded 500 uL of PdsL"-A4(BF4)e as a pale-yellow solution, at 0.535 mM, which was
used without further purification.

"H NMR (950 MHz, D20) 6: 9.31 (d, J = 6.8 Hz, 4H, Ho), 9.19 (d, J = 6.9 Hz, 4H, Ho),
9.04 — 8.94 (m, 16H, He, and Hu) 8.21 (d, J= 6.9 Hz, 2H, H»), 8.11 — 8.02 (m, 20H, Hg,
Hn, and Ht), 5.95 (br s, 2H, and Hn), 5.79 (s, 2H, Hsors)*, 5.73 — 5.69 (m, 2H, Hc), 5.67
—5.68 (m, 6H, Hc, Hm, and Hsors), 4.95 — 4.55 (m, 36H, Hg, Hk, and Hq), 4.57 — 4.54
(app t., 2H, Hworw), 4.47 — 4.43 (m, 4H, H;, Hvorw), 4.35 — 4.30 (m, 4H, Hv), 4.24 —
4.18 (m, 6H, Hy, H,, and Hrorr) 4.12 (d, J = 12.2 Hz, 2H, Hror 1), 4.09 — 4.07 (m, 2H,
Hy) 4.03 — 4.01 (m, 2H, H Hr orr), 3.98 — 3.92 (m, 6H, HI’, and Hrorr), 3.92 — 3.51 (m
26H, Hn), 3.39 — 3.36 (m, 2H, 2 of Hh), 2.98 — 2.92 (m, 2H, Hp), 2.71 — 2.65 (m, 6H, Hp,
and Hv), 2.46 — 1.81 (m, 128H, H, Hj, Hi, Hp, and Hv), 1.27 (s, 18H, H.), 1.26, (s, 18H,
Hz). '8C NMR (151 MHz, D20) &: 180.9, 176.2, 172.2, 164.2, 163.9, 152.7, 141.9,
127.3, 127.1, 126.8, 126.6, 76.7, 59.5, 59.2, 48.2, 39.0, 35.3, 35.0, 32.8, 28.5, 26.8,
25.2. ESI-MS: m/z [PdsL"-A4]6+,1010.7286, [PdsL7-f4 + BF4]5*, 1230.6733. HRMS: m/z
observed 1010.7286, calc. 1010.7213 (Figure S49).

*The C-terminus hydroxyproline cannot be connected to either blue and red spin
system for the rest of the ligand, so one spin system for the C-terminus Hyp has been
arbitrarily labelled as blue-or-red, i.e. Hs or s, and the other as red-or-blue, i.e. Hsors,
and are internally self-consistent with the rest of the isolated C-terminus
hydroxyproline signals.
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Figure S41. 'H NMR (D20, 950 MHz, 298 K) of Pd3L7:R4(BF4)e.
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Figure S42. 13C JMOD (D0, 151 MHz, 298 K) of PdsL7Ra(BF)e.
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Figure S43. 'H-'H COSY (D20, 600 MHz, 298 K) of Pd3L7-R4(BF4)s.
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Figure S44. 'H DOSY (D:O, 600 MHz, 298 K) of PdsL”f4(BF4)s. The diffusion coefficient of
Pd;L7:R4(BF4)s was 1.360 x 10 m2 s1, giving a hydrodynamic radius of 24.0 A.
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Figure S$46. 'H-13C HSQC (D-0, 600 MHz, 298 K) of PdsL7-R4(BF4)s.
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Figure S47. 'H-'H NOESY (D20, 600 MHz, 298 K, Mixing time = 0.300 s) of PdsL?-R4(BF4)s.
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Figure S48. CD spectrum of PdsL7:-Rs(BF4)s in H20 (293 K, 0.2002 mM, 0.1 mm) standardised to ligand
concentration. Minima and maxima observed at 206 nm and 227 nm consistent with folding to the PPII
helix retained from the ligand.
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Figure S49. ESI-MS (+ve ion, H:O/D20) of PdsL"R4(BF4)s: m/z [Pds L7:R4]6+,1010.7286, [PdsL":R, +
BF.]5+, 1230.6733. Minor peaks around 1200 and 1500 predominantly consist of cages with varying

anions.
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Figure S50. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL7:R,]6+; m/z
observed 1010.7286, calc. 1010.7213.
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Figure S51. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL7:Rs + BF4]5+;
m/z observed 1230.2764, calc. 1230.2781.
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PdsL%R4(BF4)s was prepared by submitting L% to the General Cage Procedure. This
yielded 500 uL of PdsL*FA4(BF4)e as a pale-yellow solution, at 0.538 mM, which was
used without further purification.

Due to the complexity of the spectra, and the presence of all four head-to-tail isomers,
unambiguous assignment of the 'TH NMR of this mixture of complexes was not
possible.

"H NMR (950 MHz, D20) 6 9.38 — 8.76 (m, 24H, Hc), 8.33 — 7.91 (m, 24H, Hy), 5.95 —
5.54 (m, 12H, Hhyp-y), 5.10 — 3.45 (m, 120H, Ha and Hs), 2.82 — 1.51 (m, 136H, Hg and
Hy), 1.41 = 1.06 (m, 36H, Ha). '3C NMR (151 MHz, D20) & 172.4, 172.2, 171.8, 171.7,
171.7, 170.7, 170.6, 163.9, 163.8, 163.7, 163.6, 163.6, 163.5, 152.2, 152.2, 152.1,
152.1,152.0, 152.0, 151.9, 151.8, 141.3, 126.6, 126.5, 126.4, 126.3, 126.3, 86.2, 59.0,
58.9, 58.8, 58.8, 58.7, 58.6, 58.6, 58.5, 58.5, 58.3, 58.2, 47.9, 47.9, 47.8, 47.7, 47.7,
47.6,47.5,47.5,47.4,47.4,47.3,47.2,47.1, 28.1, 28.0, 27.9, 27.9, 27.7, 27.6, 27.5,
27.5,27.4,26.3,26.2,26.1,24.7,24.7, 24.6, 24.5, 24.4, 24.3, 24.2, 24.2. ESI-MS: m/z
[PdsL%R4]8+,1010.2244, [PdsL4Rs + BF4]5+, 1230.6733, [PdsL%Fs + 2BF4]*+ 1558.8378.
HRMS m/z observed 1010.2244, calc. 1010.2276 (Figure S60).

This cage species in particular suffers from low resolution of the '3C spectra as it is a

reasonably equimolar mixture of isomers and so relative concentration is quartered.
This, combined with the difficulties due to relaxation time, limit the carbon spectra.
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Figure S52. 'H NMR (D20, 950 MHz, 298 K) of Pd3sL4R4(BF4)e.
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Figure S53. 13C JMOD (D.0, 151 MHz, 298 K) of PdsL4F4(BF4)e.

41



° taref
S

2

Chemical Shift (ppm)

T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

Figure S54. 1H-1H COSY (D20, 600 MHz, 298 K) of PdsL%Ra(BF4)e.
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Figure S55. 'H DOSY (D20, 600 MHz, 298 K) of PdsL4R4(BF.)s. The diffusion coefficient of

Pd3L4.Ry(BF4)s was 1.155 x 109 m2 s+, giving a hydrodynamic radius of 28.3 A.

42



B
E3
3

o

% tg ;
& 60
70
ol j" :
O r e L ity 7' L
o - o] ‘ 100
? o ;
F110
F120
oamm =
: F130
. F140
e . F150
1160
4 N

‘ ; F170
' § L180
F190
200

;

10

ks
g o
&
2
&

A5

g

=iffse-

6 5
Chemical Shift (ppm)

Figure S56. 'H-13C HMBC (D20, 600 MHz, 298 K) of PdsL4R4(BF4)s.
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Figure S57. 1H-13C HSQC (D-0, 600 MHz, 298 K) of Pd3L4R4(BF)s.
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Figure S58. 1H-1H NOESY (D,0, 600 MHz, 298 K) of PdsL4R4(BF4)s.
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Figure S59. CD spectrum of PdsL4R4(BF4)s in H2O (293 K, 0.2000 mM, 0.1 mm) standardised to ligand
concentration. Minima and maxima observed at 205 nm and 228 nm consistent with folding to the PPII

helix.
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Figure S62. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL4.Rs + BF4]5+;
m/z observed 1229.6733, calc. 1229.6735.
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Figure S63. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL4.Rs + 2BF4]4+;
m/z observed 1558.8378, calc. 1558.8430.
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In order to probe the isomer distribution with relation to temperature the synthesis was
repeated at 5 °C, and also a sample of 8(BF4)es was submitted to V.T. NMR. Neither of
these showed significant deviation to the isomeric distribution recorded at r.t., but

rather shifts in ppm.
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Figure S64. Stacked 'H NMR (D20, 600 MHz) of cage PdsL4R4(BF.)s after incubation for five days at
298 K (top) and 278 K (bottom). TH NMR for each sample was recorded at the same temperature as
the incubation period, and samples maintained at incubation temperature when transferring to NMR

machine.
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Figure S65. Stacked 'H NMR (D20, 600 MHz) of cage PdsL4R4(BF.)s at 338K, 328 K, 318 K, 308 K,
298 K, 288 K and 278 K, listed in order from top of spectra to bottom. Signal have been references to
residual CH3CN due to temperature variation of DO signal.

48



Chemical Shift (ppm)

Figure S66. Partial stacked 'TH NMR (D20, 600 MHz) of cage PdsL4R4(BF.)s at 338K, 328 K, 318 K,
308 K, 298 K, 288 K and 278 K, listed in order from top of spectra to bottom. Signal have been
references to residual CH3CN due to temperature variation of D2O signal. Signals at ~1 ppm have been
scaled independently to the rest of the spectrum due to relative intensity to show splitting of Bu peak

into two environments.
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[Pd3L7-S4(BF4)e]2 was prepared by submitting L7-S to the General Cage Procedure.
This yielded 500 uL of [PdsL”-54(BF4)s]2 as a pale-yellow solution, at 0.873 mM, which
was used without further purification.

Due to the broadening of the spectra, unambiguous assignment of the 'TH NMR signals
in this interpenetrated species was not possible.

"H NMR (950 MHz, D20) 6 9.47 — 8.75 (m, 48H, Hc), 8.26 — 7.79 (m, 48H, Hp), 5.93 —
5.44 (m, 24H, Hnyp-y), 5.10 — 3.32 (m, 240H, Hq, and Hs), 2.93 — 1.60 (m, 272H, Hg,
and Hy), 1.33 — 1.06 (m, 72H, Ha). 3C NMR (151 MHz, D20) 6 172.6, 172.6, 172.5,
1725, 172.2, 1721, 171.9, 171.9, 171.8, 171.7, 171.7, 171.6, 171.5, 171.5, 171.4,
171.4,171.4, 171.3, 171.3, 170.8, 168.8, 163.7, 163.6, 163.5, 163.4, 163.3, 163.2,
163.1, 162.2, 158.5, 158.4, 158.3, 152.3, 152.3, 152.2, 152.2, 152.1, 152.0, 152.0,
151.9, 151.9, 151.8, 151.8, 151.7, 151.7, 151.6, 141.4, 141.4, 141.3, 141.2, 141.1,
126.9, 126.9, 126.8, 126.8, 126.8, 126.7, 126.7, 126.7, 126.6, 126.6, 126.6, 126.5,
126.4, 126.3, 126.3, 126.2, 126.1, 126.1, 126.1, 126.0, 119.2, 119.1, 59.5, 59.5, 59.0,
59.0, 58.8, 58.7, 58.6, 58.6, 58.5, 58.5, 58.4, 58.4, 58.3, 58.2, 58.1, 58.0, 57.8, 57.8,
479, 47.8,47.8, 47.7, 47.6, 47.6, 47.5, 47.5, 47 .4, 47 .3, 47.3, 47.2, 471, 47.0, 46.9,
28.2,28.1, 28.1, 27.9, 27.7, 27.6, 27.5, 26.5, 26.4, 26.4, 26.4, 26.3, 26.3, 26.3, 26.2,
26.2, 26.1, 25.1, 25.0, 24.9, 24.8, 24.7, 24.7, 24.7, 24.6, 24.5, 24.4, 24.2, 241, 24 1,
24.0, 24.0, 23.9. ESI-MS: m/z [PdsL7-54]6+,1010.5648, [PdsL7-Ss BF4]5*/[PdeL”-Ss +
2BF4]'0, 1229.9780, [PdsL”-Ss + 2BF4]'%+ 1376.5330, [PdsL”-Ss + 4BF4]8* 1559.5964,
[Pdeds + 5BF4]’+, 1794.5378. HRMS: m/z observed 1794.5378, calc. 1794.5400
(Figure S75).
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Figure S67. 'H NMR (D20, 600 MHz, 298 K) of [PdsL?-S4(BF4)s]2.
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Figure S68. 13C JMOD (D0, 151 MHz, 298 K) of [PdsL7:S4(BF4)g].
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Figure S69. 'H-1H COSY (D20, 600 MHz, 298 K) of [PdsL7-S4(BF4)s]e.
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Figure S70. 'H DOSY (DO, 600 MHz, 298 K) of [PdsL7-5;(BF4)s]..The doiffusion coefficient of
[Pd3L7-54(BF4)e]> was 9.820 x 10-1© m2 s-1, giving a hydrodynamic radius of 33.3 A.
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Figure S72. 'H-13C HSQC (D20, 600 MHz, 298 K) of [Pd3L?-S4(BF4)¢]2.
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Figure S$73. 'H-'H NOESY (D20, 600 MHz, 298 K, Mixing time = 0.300 s) of [PdsL7?-S4(BF4)e]-.
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Figure S74. CD spectrum of [PdsL7-5(BF4)s]2 in H20O (293 K, 0.1980 mM, 0.1 mm) standardised to
ligand concentration. Minima and maxima observed at 207 nm and 231 nm. Reduction in intensity of

maximum consistent with decrease in PPIl character.
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Figure S75. ESI-MS (+ve ion, H.O/D>0, 0.843 mM) of [PdsL7-Ss(BFa4)s]2; m/z [PdsL7-5:]6+ 1010.5648,
[PdsL7-S4 BF4]5+/[PdsL7Sg + 2BF4]1© 1229.9780, [PdsL”-Ss + 2BF4]10+ 1376.5330, [PdsL7-Ss + 4BF4]8+
1559.4873, [PdsL7-Ss + 5BF4]7+ 1794.5378.
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Figure S76. ESI-MS (+ve ion, HxO/D;O, 0.422 mM) of [PdsL?SsBFa)el2, showing
disappearance/reduction of interpenetrated peaks upon dilution (highlighted); m/z 1010.5599, [Pds
L7.54]6+, 1230.0731, [PdsL7-5, + BF4]5.
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Figure S77. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL7:54]6+; m/z
observed 1010.5648, calc. 1010.5632.
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Figure S78. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL7-Ss + 4BF4]8+;
m/z observed 1559.4873, calc. 1559.4758.
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Figure S79. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdeL7-Ss + 3BF4]°+;
m/z observed 1376.5330, calc. 1376.5301.
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Figure S80. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL7:Ss +
BF4]5+/minor [PdeL7-Ss + 2BF4]10+; m/z observed 1229.9780, calc. 1229.9765.
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Figure S81. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdeL7-Ss + 5BF4]7+;
m/z observed 1794.5378, calc. 1794.5400.
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PdsL%54(BF4)es was prepared by submitting L** to the General Cage Procedure. This
yielded 500 pL of PdsL%S4(BF4)s as a pale-yellow solution, at 0.937 mM, which was
used without further purification.

The 'H NMR indicates formation of minor alternate cage isomers, whose signals
overlap with the major cage product. Due to the complexity of the spectra, and multiple
overlaps, precluding their assignment, these signals have not been reported below.

"H NMR (950 MHz, D20) & 9.30 (d, J = 6.0 Hz, 8H, Ho), 9.15 (d, J = 6.0 Hz, 8H, He),
8.98 (d, J=6.0 Hz, 8H, Hu), 8.16-8.13 (app. t, J= 6.0 Hz, 16H, Hda and Ht), 7.96 (d, J
= 6.0 Hz, 8H, Hn), 5.81 (br s, 4H, Hs), 5.69 (br s, 4H, Hm), 5.46 (br s, 4H, Hc), 4.93 -
4.90 (m, 4H, Hy), 4.87 — 4.86 (m, 4H, Hw), 4.71 — 4.59 (m, 8H, 8 of Hk), 4.38 - 4.36
(app. d, J=11.6 Hz, 4H, Hp), 4.11 — 4.08 (m, 4H, Hr), 4.04 — 4.01 (m, 4H, Hy), 3.99 —
3.90 (m, 16H, Hiand 12 of Hs), 3.88 — 3.78 (m, 12H, 12 of Hs), 3.76 — 3.72 (m, 4H, 4
of Hs), 3.72 — 3.64 (m, 8H, Hr and 4 of Hs), 3.65 — 3.57 (m, 8H, Hr and 4 of Hs), 3.56
— 3.46 (m, 4H, 4 of Hs), 3.26 — 3.22 (m, 4H, 4 of Hs), 2.97 — 2.92 (m, 8H, Hv), 2.86 —
2.80 (m, 4H, 4 of Ha*), 2.71 — 2.51 (m, 26H, Ht, Hp and 10 of Hg), (m, 34H, 34 of Hp
and Hy), 1.91 - 1.80 (m, 8H, 8 of Hgand Hy), 1.68 — 1.59 (m, 8H, 8 of Hg and Hy), 1.51
—1.47 (4H, m, Hn or Hj*), 1.40 — 1.36 (4H, m, Hi or Hk), 1.32 (36H, s, Ha) 0.55 — 0.52
(m, 4H, Hn or Hj*), 0.47 — 0.43 (m, 4H, 4 of Hy or Hk).* '3C NMR (151 MHz, D20) &
179.8, 175.3, 175.0, 172.7, 171.6, 171.3, 170.2, 164.0, 163.8, 152.3, 152.3, 152.2,
152.0, 151.9, 151.9, 151.8, 142.4, 140.8, 126.8, 126.7, 126.7, 126.6, 126.6, 126.5,
119.1, 78.0, 76.7, 74.9, 59.6, 59.3, 58.8, 58.6, 57.2, 54.0, 52.8, 47.7, 47.4, 46.7, 46.1,
28.3, 28.2, 28.2, 28.1, 28.0, 28.0, 28.0, 27.7, 27.6, 27.6, 27.2, 26.4, 26.3, 24.9, 24.7,
24.3. ESI-MS: m/z [PdsL*Ss + BF4]5*, 1229.8655, [PdsL*Ss + 2BF4]*+, 1559.0851,
[PdsL*Ss + 3BF4]3+, 2107.7822. HRMS: m/z observed 1229.8665, calc. 1229.8752
(Figure S90).

*These protons are shifted significantly upfield due to ring currents from perpendicular
pyridine groups in close proximity. NOEs from the relevant pyridines can be found to
both Ha/He and Hn/Ho, meaning whilst the location of these protons can be narrowed
down to one of the two proline residues between the smaller segment of our ligand
(i.e. Hyp-Pro-Pro-Hyp) in between these pyridines, it is not possible to assign with
absolute certainty.
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Figure S82. 'H NMR (D20, 600 MHz, 298 K) of Pd3L*54(BF4)e.
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Figure $83. 13C JMOD (D20, 151 MHz, 298 K) of Pd3L454(BF4)e.
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Figure S84. 1H-1H COSY (D.0, 600 MHz, 298 K) of PdsL*S,(BFs)e.
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Figure S85. 'H DOSY (DO, 600 MHz, 298 K) of Pds;L4S;(BFs)s. The diffusion coefficient of

Pd3L454(BF4)s was 1.361 x 106 cm2 s-1, giving a hydrodynamic radius of 24.0 A
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Figure S86. 1H-13C HMBC (D20, 600 MHz, 298 K) of PdsL4S4(BF4)s.
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Figure S87. 1H-13C HSQC (D,0, 600 MHz, 298 K) of PdsL4S4(BF4)s.
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Figure S88. 'H-'H NOESY (D20, 600 MHz, 298 K, Mixing time = 0.300 s) of PdsL*54(BF)s.
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Figure S89. CD spectrum of PdsL4.54(BF4)s in H20 (293 K, 0.1867 mM, 0.1 mm), standardised to ligand

concentration. Minima and maxima observed at 207 nm and 238 nm.
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Figure $90. ESI-MS (+ve ion, H20/D20) PdsL*54(BFa4)s; m/z [PdsL*S, + BF4]5+, 1229.8655, [PdalL#5; +

2BF4]*+, 1559.0851, [PdsL45, + 3BF4]3+, 2107.7822.
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Figure S91. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL4Ss+ BF4]5+;

m/z observed 1229.8665, calc. 1229.8752.
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Figure S92. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL4Ss + 2BF4]4+;
m/z observed 1559.0851, calc. 1559.0971.
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5. Cage Titrations

Increasing quantities of Pd(CH3CN)4(BF4)2 (0 — 0.75 eq) were titrated against ligands
L7-R (Figures S93 + S94) and L7-° (Figures S95 — S96), and the species formed at sub-
stoichiometric quantities of Pd(CH3CN)4(BF4)2 monitored by '"H NMR and ESI-HRMS.

BN Pd 5\ O e
[zp]", Lo
5 , 5

i Pd <\ DN

‘ v O 2

- Pd - Ol(\}oA’/ ‘
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- AN
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T T T T T T T T T T
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Figure S93. 'H NMR titration (D20, 600 MHz, 298 K) of Pd(CHsCN)4(BF4)2 against ligand L7:A.
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Figure S94. Partial 'H NMR titration (D20, 600 MHz, 298 K) of Pd(CH3sCN)4(BF4)2 against ligand L7:R.
Signals at ~1 ppm have been scaled independently to the rest of the spectrum due to relative intensity
to show splitting of tBu peak into two environments.
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Figure S95. 'H NMR titration (D20, 600 MHz, 298 K) of Pd(CH3zCN)4(BF4)2 against ligand L7:S.
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Figure S96. Partial 'H NMR titration (D20, 600 MHz, 298 K) of Pd(CH3CN).(BF.)2 against ligand L7:S.
Signals at ~1 ppm have been scaled independently to the rest of the spectrum due to relative intensity.
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Figure S97. ESI-MS (+ve ion, Ho0/D20) of L7:R with 0.6 eq. Pd(CHsCN)4(BF4)2; m/z [PdsL7R, + BF 5.
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Figure S98. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdsL7:Rs+ BF4]6+;
m/z observed 1010.2235, calc. 1010.2272.

70



“ 3.56+06 [L7.S + 2H]?* [PdL7:S; + H]?* [L7.S+ H]*
718.3350 992.7437 1458.6447
3.0e+06
\ / [PdaL7:S5]* -~
2.5e+06 1130.1957 [PdaL7.S4]*
2.0e+06 1489.1118
/
1.5e+06
1.0e+06
5.0e+05 \ JL
L i |l|l . ul .ll.;t . ll . l .
0.0e+00 500 1000 1500 2000 2500
m/z

Figure $99. ESI-MS (+ve ion, H20/D20) of L7-S with 0.6 eq. Pd(CH3zCN)4(BF4)2.
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Figure S100. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdoL7-S4]4+; m/z

observed 1489.1118, calc. 1489.1154. Peak coincides with [PdL7-S;])2+ fragment peak.
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Figure S101. HRMS experimental (top) and calculated (bottom) isotope patterns of [PdoL7-S3]4+; m/z
observed 1130.1957, calc. 1130.2012.
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Figure $102. 'H DOSY (D-0, 600 MHz, 298 K) of intermediate Pd.L"-%,. The diffusion coefficient of the
obtained species was 1.843 x 10 m2 s1, giving a hydrodynamic radius of 17.7 A.
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6. DOSY Analysis

To confirm calculated diffusion coefficients using processing in Mestrenova, DOSY
spectra were additionally processed in Bruker TopSpin and Dynamics Centre using
the parameters outlined in Table S2.

f(x) =lo * exp (-D * x*2 * gamma”2 * littleDelta’2

Fitted function:

(bigDelta-littleDelta/3)* 10%4

Used gamma:

26752 rad/(s*Gauss)

Used little delta: 0.0020000 s
Used big delta: 0.099900 s
Used gradient strength: variable

Random error estimation of
data:

RMS per spectrum (or trace/plane)

Systematic error estimation
of data:

worst case per peak scenario

Fit parameter Error
estimation method:

from fit using arbitrary y uncertainties

Confidence level:

95%

Used peaks:

automatically picked peaks

Used integrals:

peak intensities

Used Gradient strength:

all values (including replicates) used

Table S2. DOSY processing parameters.
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Figure S103. 'H DOSY (D20, 600 MHz, 298 K) of PdsL7:Ri(BF4)s. The diffusion coefficient of of
Pd;L7:R4(BF4)s was 1.392 x 1010 m2 s-1.
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Peak name F2 (ppm) D (m2/s) Error

1 9.223 1.30E-10 2.19E-12
2 9.212 1.32E-10 2.34E-12
3 9.105 1.28E-10 2.49E-12
4 9.093 1.31E-10 2.83E-12
5 8.943 1.24E-10 1.65E-12
6 8.933 1.28E-10 1.78E-12
7 8.923 1.25E-10 1.95E-12
8 8.911 1.25E-10 2.16E-12
9 8.901 1.27E-10 1.69E-12
10 8.861 1.30E-10 2.29E-12
11 8.853 1.29E-10 1.83E-12
12 8.124 1.31E-10 2.19E-12
13 8.114 1.30E-10 2.66E-12
14 8.002 1.25E-10 2.25E-12
15 7.99 1.24E-10 1.35E-12
16 7.979 1.24E-10 1.02E-12
17 7.966 1.27E-10 1.77E-12
18 7.936 1.25E-10 2.33E-12
19 7.928 1.24E-10 2.61E-12
20 5.86 1.40E-10 4.67E-12
21 5.696 1.40E-10 6.69E-12
22 5.615 1.30E-10 3.18E-12
23 5.561 1.43E-10 5.96E-12
24 4.833 2.90E-10 5.33E-11
25 4.708 1.55E-09 1.83E-10
26 4.221 9.96E-11 8.17E-12
27 4109 1.12E-10 4.23E-12
28 3.885 1.08E-10 4.31E-12
29 3.721 1.21E-10 5.84E-13
30 3.608 1.18E-10 4.62E-13
31 3.545 1.16E-10 1.13E-12
32 3.515 1.22E-10 3.25E-13
33 2.268 1.21E-10 5.93E-13
34 1.981 1.04E-09 1.04E-10
35 1.943 1.17E-10 5.81E-13
36 1.911 4.29E-10 5.64E-11
37 1.875 1.15E-10 1.31E-12
38 1.169 1.31E-10 5.26E-13

Table S3. 'H DOSY (D-0, 600 MHz, 298 K) of of PdsL":R4(BF.)s diffusion coefficients for picked peaks.
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Figure S104. 'H DOSY (D0, 600 MHz, 298 K) of PdsL4R4(BF4)s. The diffusion coefficient of of
Pd3L4R4(BF4)s was 1.321 x 1010 m2 s-1,

Peak name F2 (ppm) D (m2/s) Error

1 9.178031 1.186E-10 4.49E-12
2 9.0854909 1.165E-10 1.83E-12
3 8.9929509 1.101E-10 1.98E-12
4 8.8171246 1.067E-10 4.01E-12
5 8.7060763 9.752E-11 9.67E-12
6 8.0397872 1.181E-10 1.17E-12
7 7.9287389 1.092E-10 1.5E-12
8 5.6892677 1.226E-10 2.46E-12
9 5.6059814 1.269E-10 3.19E-12
10 5.5226951 1.038E-10 5.96E-12
24 4.7018306 2.174E-09 2.73E-11
23 3.7335613 1.221E-10 8.58E-13
22 3.577179 1.195E-10 1.05E-12
21 3.5034129 1.175E-10 9.91E-13
20 2.5887212 1.188E-10 2.4E-12
19 2.2612017 1.177E-10 9.02E-13
18 1.9838435 3.289E-10 4.9E-11
17 1.9218806 2.042E-10 2E-11

16 1.836313 1.152E-10 416E-13
15 1.210781 1.187E-10 5.29E-13
14 1.1989786 1.199E-10 7.27E-13
13 1.1694725 1.182E-10 1.15E-12
12 1.1399664 1.481E-10 3.02E-12
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11 \ 1.1075088 \ 1.25E-10 2.25E-12

Table S4. 'H DOSY (D20, 600 MHz, 298 K) of PdsL4R4(BF.)s diffusion coefficients for picked peaks.
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Figure S105. 'H DOSY (D20, 600 MHz, 298 K) of [PdsL7-5;(BF4)s]o. The diffusion coefficient of
[PdsL7:54(BF4)s]2 was 1.187 x 10-10 m2 s-1.

Peak name F2 (ppm) D (m2/s) Error

1 9.0207129 1.129E-10 5.33E-12
2 7.9935173 9.938E-11 1.95E-12
3 7.8084367 1.149E-10 6.36E-12
4 5.4949332 6.319E-11 2.32E-11
12 4.7649708 8.336E-10 2.45E-10
13 4.7026318 1.605E-09 8.66E-11
11 3.7371731 1.042E-10 2.1E-12

10 3.546959 1.08E-10 9.55E-13
9 2.2536739 1.136E-10 3.04E-12
8 1.9844581 1.764E-10 1.86E-11
7 1.920145 8.651E-10 7.21E-11
6 1.2052278 1.129E-10 1.11E-12
5 1.1543759 1.07E-10 5.94E-13

Table S5. 'H DOSY (D20, 600 MHz, 298 K) of [PdsL7-54(BF.)e]> diffusion coefficients for picked peaks.
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Figure S106. 'H DOSY (D20, 600 MHz, 298 K) of PdsL*5(BFs)s. The diffusion coefficient of

Pd3L4%5,(BF4)s was 1.419 x 10-1° m2 s-1.

Peak name F2 (ppm) D (m2/s) Error

1 9.2523603 1.427E-10 1.83E-12
2 9.2064123 1.425E-10 1.5E-12
3 9.1439227 1.433E-10 217E-12
4 9.1090021 1.43E-10 2.27E-12
5 9.0575402 1.412E-10 1.43E-12
6 8.893965 1.42E-10 1.75E-12
9 8.2948015 1.551E-10 5.55E-12
7 8.0540334 1.409E-10 1.7E-12
8 7.8628888 1.418E-10 1.07E-12
10 5.7150936 1.416E-10 2.53E-12
11 5.5979723 1.451E-10 1.95E-12
12 5.4144825 1.393E-10 3.4E-12
13 5.3734902 1.441E-10 2.48E-12
14 4.6961401 1.853E-09 1.7E-10
15 4.5067938 1.446E-10 2.51E-12
16 4.2686479 1.392E-10 2.82E-12
17 3.9426601 1.417E-10 1.08E-12
18 3.8723876 1.393E-10 1.63E-12
19 3.7318427 1.398E-10 9.81E-13
20 3.647906 1.404E-10 9.36E-13
21 3.5952012 1.397E-10 1.06E-12
22 3.5249287 1.411E-10 5.8E-13
23 3.4585597 1.426E-10 1.05E-12
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24 3.1442848 1.453E-10 2.28E-12
25 2.5682476 1.405E-10 1.97E-12
26 2.3343201 1.394E-10 1.63E-12
27 1.9895854 8.94E-10 1.04E-10
28 1.7626935 1.425E-10 1.14E-12
29 1.2491094 1.372E-10 2.79E-12
30 1.2262444 1.395E-10 2E-12

31 1.1365434 1.391E-10 5.63E-13

Table S6. 'H DOSY (D20, 600 MHz, 298 K) of PdsL454(BF.)e diffusion coefficients for picked peaks.
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7. Cage Stabilities

PdsL7-R4(BF4)s, PdsL*F4(BF4)s and PdsL*%4(BF4)s showed initial broadness in '"H NMR
that resolved over time. Minimal change was observed in cage [PdsL7-5a(BF4)s]2 after
7 days. Figures S107 — S114 show this in greater detail.
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Figure S107. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL7-R4(BF4)s over time at 298 K.
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Figure S108. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL7:R4(BF4)s Over time at 298
K. Peaks at ~1 ppm have been scaled independently to rest of spectra due to relative intensity.
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Figure S109. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL4R4(BF4)s over time at 298 K.
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Figure S110. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL4FR4(BF4)s over time at 298
K. Peaks at ~1 ppm have been scaled independently to rest of spectra due to relative intensity.
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Figure S111. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL7-54(BF.)¢]> over time at 298 K.
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Figure S112. Partial stacked '"H NMR (D-0, 600 MHz, 298 K) of cage [PdsL?-S4(BF4)s]2 over time at 298
K. Peaks at ~1 ppm have been scaled independently to rest of spectra due to relative intensity.
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Figure S113. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL*54(BF.)s over time at 298 K.
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Figure S114. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL454(BF4)s over time at 298
K. Peaks at ~1 ppm have been scaled independently to rest of spectra due to relative intensity.

Dilution Study

To determine cage stability towards dilution, stock solutions of each of four cages were
diluted with D20 from 1000 to 20 M and monitored by 'H NMR. 'H NMR was recorded
immediately after dilution in each case. Cages were deemed unstable at
concentrations where NMR signals for free ligand appeared.
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Figure S115. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL7:R4(BF4)s at various concentrations
to determine stability to dilution, showing appearance of free ligand signals at 8.65 ppm below
concentrations of 50 yM. Water suppression NMR has been used for clarity.
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Figure S116. Partial stacked '"H NMR (D20, 600 MHz, 298 K) of cage PdsL7:Ri(BF.)s at various
concentrations to determine stability to dilution, showing appearance of free ligand signals at 8.65 ppm
below concentrations of 50 yM. Peaks at ~1 ppm have been scaled independently to rest of spectra
due to relative intensity. Water suppression NMR has been used for clarity.
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Figure S117. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL*FR4(BF4)s at various concentrations
to determine stability to dilution, showing appearance of free ligand signals at 8.74 ppm below
concentrations of 500 yM.
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Figure S118. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL4R4(BF4)s at various concentrations
to determine stability to dilution, showing appearance of free ligand signals at 8.74 ppm below
concentrations of 500 yM. Peaks at ~1 ppm have been scaled independently to rest of spectra due to

relative intensity.

87



o
'o);); g)'CN P ND“(O e
W

b

2o

jj‘o /"N Pd \J*Z_ko\i ]
’ wL @ o e
NH[ z(\‘(:g_)rc Pd Dgo[(\f()‘

o OCN Pd N\}«O[(\N)OJ

0

2

,\4/2

50 uM

I B S

100 uM

-,,/'M)\‘L—d)\g

200 pM

D\\J\\\-/L
1000 M

T T T
10 9 8 7 6 5 4 3 2
Chemical Shift (ppm)

Sl

L
L
UL
Ul
Ul

Figure S119. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL"S4(BF4)s]2 at various
concentrations to determine stability to dilution, showing appearance of free ligand signals at 8.79 ppm
below concentrations of 1000 yM. Water suppression NMR has been used for clarity.
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Figure S120. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL7:S:(BF.)s]> at various
concentrations to determine stability to dilution, showing appearance of free ligand signals at 8.79 ppm
below concentrations of 1000 yM. Peaks at ~1 ppm have been scaled independently to rest of spectra
due to relative intensity. Water suppression NMR has been used for clarity.
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Figure S121. Stacked DOSY NMR (D20, 600 MHz, 298 K) of cage [PdsL":54(BF4)s]2 at 0.8, 0.4 and 0.2
mM showing increase in proportion of monomeric [PdsL7-S4(BF4)s]2 in equilibrium upon dilution, reflected
in larger diffusion coefficients upon dilution. The diffusion coefficient of the obtained species at 0.9, 0.6
and 0.4 mM respectively were 1.450 x 109, 1.826 x 10-° and 2.267 x 10 m2 s, giving hydrodynamii
radii of 22.5, 17.9 and 14.4 A.
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Figure S122. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL45,(BF4)s at various concentrations
to determine stability to dilution, showing appearance of free ligand signals at 8.69 ppm below
concentrations of 50 yM. Water suppression NMR has been used for clarity.
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Figure S123. Partial stacked '"H NMR (D20, 600 MHz, 298 K) of cage PdsL*Ssi(BF.)s at various
concentrations to determine stability to dilution showing appearance of free ligand signals at 8.69 ppm
below concentrations of 50 yM. Peaks at ~1 ppm have been scaled independently to rest of spectra
due to relative intensity. Water suppression NMR has been used for clarity.

To determine cage stability DCI (Figures S124 — S132), NaOD (Figures S133 — S142),
pyridine (Figures S143 — S154), and glutathione (reduced form) (Figures S155 — S162)
were added separately to 0.250 mM solution of all four cage species and monitored
by 'TH NMR.
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Figure S124. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL7:R4(BF4)s before (bottom) and after
addition of 4 eq DCI over time at 298 K.
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Figure S$125. Partial stacked 'H NMR (D-0, 600 MHz, 298 K) of cage Pd3L7:Rs(BF4)s
(BF4)e before (bottom) and after addition of 4 eq DCI over time at 298 K. Peaks at ~1 ppm have been
scaled independently to rest of spectra due to relative intensity.
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Figure S126. ESI-MS (+ve ion, H:O/D20) of cage PdsL7-R4(BF4)s after addition of 12 eq. HCI after ~30
mins at 298 K
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Figure S127. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL?R4(BF4)s before (bottom) and after
addition of 4 eq DCI over time at 298 K.
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Figure S128. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL4F4(BF.)s before (bottom)
and after addition of 4 eq DCI over time at 298 K. Peaks at ~1 ppm have been scaled independently to
rest of spectra due to relative intensity.
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Figure S129. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL7:5:(BF.)s]> before (bottom) and
after addition of 4 eq DCI over time at 298 K.
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Figure S130. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL":54(BF4)s] before (bottom)
and after addition of 4 eq DCI over time at 298 K. Peaks at ~1 ppm have been scaled independently to
rest of spectra due to relative intensity.
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Figure S131. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL*54(BF4)s before (bottom) and after
addition of 4 eq DCI over time at 298 K.
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Figure S132. Partial stacked 'H NMR (D»0O, 600 MHz, 298 K) of cage PdsL4S4(BF.)s before (bottom)
and after addition of 4 eq DCI over time at 298 K. Peaks at ~1 ppm have been scaled independently to
rest of spectra due to relative intensity.
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Figure S133. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL7:R4(BF4)s before (bottom) and after
addition of 4 eq NaOD over time at 298 K.
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Figure S134. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL":-R4(BF.)s before (bottom)
and after addition of 4 eq NaOD over time at 298 K. Peaks at ~1 ppm have been scaled independently
to rest of spectra due to relative intensity.
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Figure S135. ESI-MS (+ve ion, H.O/D-0) of cage PdsL7-R4(BF4)s after addition of 4 eq. NaOD after 48
hrs at 298 K.
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Figure S136. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL?R4(BF4)s before (bottom) and after
addition of 4 eq NaOD over time at 298 K. Peaks at ~1 ppm have been scaled independently to rest of
spectra due to relative intensity.
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Figure S137. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL4F4(BF.)s before (bottom)
and after addition of 4 eq NaOD over time at 298 K. Peaks at ~1 ppm have been scaled independently
to rest of spectra due to relative intensity.
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Figure S138. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL7:5:(BF.)s]> before (bottom) and

after addition of 4 eq NaOD over time at 298 K.
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Figure S139. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL":54(BF4)s]z before (bottom)
and after addition of 4 eq NaOD over time at 298 K. Peaks at ~1 ppm have been scaled independently

to rest of spectra due to relative intensity.

106



o(N‘) 0 O{Gro B,
NAZS - pg @_“0_ N,o] |

6 days

-
- oo
s Wy
RV SN YRS

T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

Figure S140 Stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL454(BF4)s before (bottom) and after
addition of 4 eq NaOD over time at 298 K.
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Figure S141. Partial stacked 'H NMR (D0, 600 MHz, 298 K) of cage PdsL4S54(BF.)s before (bottom)
and after addition of 4 eq NaOD over time at 298 K. Peaks at ~1 ppm have been scaled independently
to rest of spectra due to relative intensity.
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Figure S142. ESI-MS (+ve ion, H.0O/D>0) of cage PdsL?S4(BF.)s after addition of 4 eq. NaOD after 48
hrs at 298 K.
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Pyridine Stability Studies
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Figure S143. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL7:R4(BF4)s before (bottom) and after
addition of 4 eq pyridine over time at 298 K.
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Figure S144. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL":-R4(BF.)s before (bottom)
and after addition of 4 eq pyridine over time at 298 K. Peaks at ~1 ppm have been scaled independently
to rest of spectra due to relative intensity.
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Figure S145. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL7:R4(BF4)s before (bottom) and after
addition of 12 eq pyridine over time at 298 K.
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Figure S146. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL":-R4(BF.)s before (bottom)
and after addition of 12 eq pyridine over time at 298 K. Peaks at ~1 ppm have been scaled
independently to rest of spectra due to relative intensity.
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Figure S147. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL?R4(BF4)s before (bottom) and after
addition of 4 eq pyridine over time at 298 K.
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Figure S148. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL4R4(BF.)s before (bottom)
and after addition of 4 eq pyridine over time at 298 K. Peaks at ~1 ppm have been scaled independently
to rest of spectra due to relative intensity.
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Figure S149. Stacked 'H NMR (DO, 600 MHz, 298 K) of cage [PdsL7:54(BF4)s]> before (bottom) and
after addition of 4 eq pyridine over time at 298 K.
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Figure S150. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL":54(BF4)s]z before (bottom)
and after addition of 4 eq pyridine over time at 298 K. Peaks at ~1 ppm have been scaled independently
to rest of spectra due to relative intensity.
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Figure S151. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL*S4(BF4)s before (bottom) and after
addition of 4 eq pyridine over time at 298 K.
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Figure S152. Partial stacked 'H NMR (D0, 600 MHz, 298 K) of cage PdsL4S4(BF.)s before (bottom)
and after addition of 4 eq pyridine over time at 298 K. Peaks at ~1 ppm have been scaled independently
to rest of spectra due to relative intensity.
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Figure S153. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL454(BF4)s before (bottom) and after
addition of 12 eq pyridine over time at 298 K.
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Figure S154. Partial stacked 'H NMR (D0, 600 MHz, 298 K) of cage PdsL4S4(BF.)s before (bottom)
and after addition of 12 eq pyridine over time at 298 K. Peaks at ~1 ppm have been scaled
independently to rest of spectra due to relative intensity.

120



Glutathione Stability Studies
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Figure S155. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL7:R4(BF4)s before (bottom) and after
addition of 4 eq glutathione over time at 298 K.
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Figure S156. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage PdsL":-R4(BF.)s before (bottom)
and after addition of 4 eq glutathione over time at 298 K. Peaks at ~1 ppm have been scaled
independently to rest of spectra due to relative intensity.
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Figure S157. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL?R4(BF4)s before (bottom) and after
addition of 4 eq glutathione over time at 298 K.
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Figure S158. Partial stacked 'H NMR (D»0O, 600 MHz, 298 K) of cage PdsL4F4(BF.)s before (bottom)
and after addition of 4 eq glutathione over time at 298 K. Peaks at ~1 ppm have been scaled
independently to rest of spectra due to relative intensity.
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Figure S159. Stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL7:5:(BF.)s]> before (bottom) and
after addition of 4 eq glutathione over time at 298 K.
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Figure S160. Partial stacked 'H NMR (D20, 600 MHz, 298 K) of cage [PdsL":54(BF4)s] before (bottom)
and after addition of 4 eq glutathione over time at 298 K. Peaks at ~1 ppm have been scaled
independently to rest of spectra due to relative intensity.
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Figure S161. Stacked 'H NMR (D-0, 600 MHz, 298 K) of cage PdsL*54(BF4)s before (bottom) and after
addition of 4 eq glutathione over time at 298 K.
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Figure S162. Partial stacked 'H NMR (D0, 600 MHz, 298 K) of cage PdsL4S4(BF.)s before (bottom)
and after addition of 4 eq glutathione over time at 298 K. Peaks at ~1 ppm have been scaled
independently to rest of spectra due to relative intensity.
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8. lon-Mobility Mass Spectrometry

IM-MS mobilograms for each sample display collision cross-sections consistent with
expected sizes from molecular modelling and DOSY NMR. IM-MS mobilograms
consisted of single broad-peaks with indistinguishable fine structure. We attribute this
to the adoption of additional gas-phase conformations of each cage resulting from
partial PPII/PPI conversion and/or cis-trans isomerisation of the ‘Bu capping group
upon desolvation. The observation of differing conformations for oligoprolines in the
gas-phase relative to solution has been extensively reported,[S>-S7] as in vacuo
conditions remove interactions between water molecules and carbonyl groups of the
peptide backbone which stabilise the all-trans PPII helix.
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Figure S163. IM-MS of Pd3L7-R,6+,
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Figure $S164. IM-MS of Pd3L*R,6+.

Due to fragmentation under IM-MS conditions leading to low intensity peaks, we were unable to obtain
a CCS of interpenetrated cage (PdsL7-5;),12+, instead resolving the isolated PdsL7-S:6+ cage.
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Figure S165. IM-MS of Pd3L7-546+,
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Figure S166. IM-MS of Pd3L4546+,
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9. CD Spectra Comparison

Herein are various comparisons of relative CD spectra to provide context and allow
for easy comparison. Wherever ligand and cage have been compared, they are scaled
relative to the concentration of ligand, not the molarity, to account for stoichiometry.

PdsL7-F4(BF4)s (Figure S167) and PdsL*FA4(BFs)e (Figure S168) showed minimal
changes upon complexation, supporting the retention of PPII character.
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Figure S167. Comparison of CD spectra of L7:R and PdsL7:R4(BF4)s in H20 (293 K).
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Figure $S168. Comparison of CD spectra of L4R and PdsL4AR4(BF4)s in H20 (293 K).
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There is a more significant reduction in the CD of [Pd3sL?-°4(BFa4)s]2 compared with
ligand L7-S, (Figure S169) suggesting reduction of PPIl character upon complexation.
This suggests that this cage undergoes a level of distortion on assembly.
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Figure S168. Comparison of CD spectra of L7-S and [PdsL7-S4(BF4)s]2 in H20 (293 K).

The CD of 10(BF4)e compared with ligand 5 (Figure S170). The spectra maximum has
shifted from 230 nm to 238 nm, a significant deviation to the shape, not typically
observed in PPI or PPIl. We assign these to a twisting and compression of the smaller
cavity of 10(BF4)s, with correlated interactions between the pyridine and proline
residues driving changes in CD absorbance.
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Figure S170. Comparison of CD spectra of L4S and PdsL454(BF4)s in H20 (293 K).
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Comparison of ligands L”-F and L*F with L7-S and L*S shows clearly the decreasing
PPII character with the modification of the hydroxyproline chirality from 4R (PPII
enhancing) to 4S (PPI enhancing, Figure S171).
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Figure S171. Comparison of CD spectra of all ligands, L7:R, L4R, LS and L4S in H.O (293 K).

Comparison of cages PdsL”Pi(BFs)s, PdsL*F4(BF4)s, [PdsL’-°4(BFs)s]2 and
PdsL*54(BFa)e clearly shows the decreasing PPII character with the modification of the
hydroxyproline chirality, and the unusual maximum shift for PdsL*Si(BF4)s (Figure

S172).
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Figure S172. Comparison of CD spectra of all cages, PdsL7-R4(BF4)s, PdsL4R4(BF.)e, [PdsL7-S4(BF4)s]2
and PdsL454(BF.)s in H20 (293 K).
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Comparisons of ligand L7-F with L7S and cage PdsL7-F4(BF4)s with [Pd3L7-S4(BF4)s]2,
clearly showing the decreasing PPII character due to diastereoisomerism (Figures

S173 + S174).
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Figure S173. Comparison of CD spectra of ligands L7:# and L7-S in H20 (293 K).
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Figure S174. Comparison of CD spectra of PdsL7:-R4(BF4)s and [PdsL7-Ss(BF4)s]2 in H20 (293 K).
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Comparisons of ligand L*? with L%S and cage PdsL*FA4(BF4)e with Pd3sL*S4(BFa)s,
clearly showing the decreasing PPII character due to diastereoisomerism (Figures

S175 + S176).
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Figure S175. Comparison of CD spectra of ligands LR and L4S in H>O (293 K).
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Figure S176. Comparison of CD spectra of PdsL4Rs(BF4)s and PdsL454(BF4)s in H20 (293 K).
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Comparisons of ligands L7-F with L*® and cage PdsL”-fa(BF4)s with PdsL%"4(BFa)s,
showing minimal effect on PPII character due to structural isomerism of ligand (i.e.
shorter unit at C- or N-terminus, Figures S177 + S178).
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Figure S177. Comparison of CD spectra of ligands L7:R and L4R in H>O (293 K).
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Figure S178. Comparison of CD spectra PdsL":R4(BF4)s and PdsL4R4(BF4)s in H20 (293 K).
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Comparisons of ligands L7-S with L*S showing minimal effect on PPII character due to
structural isomerism in the 4S series (Figure S179).
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Figure $179. Comparison of CD spectra of L7-S and L4S in H20 (293 K).

Comparisons of cages [PdsL7-54(BF4)s]2 with PdsL%#4(BF4)s , shows major deviations
in CD spectra upon cage complexation, suggesting significant deviations from
standard PPII structures (Figure S180).
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Figure S180. Comparison of CD spectra of PdsL7-54(BF4)s and [PdsL454(BF4)s]2 in H2O (293 K).
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10. Isomerisation Discussion

In this section, we will discuss some of the complexities of the isomerism that arises
in our metal-peptidic cages.

Our helical peptides are intrinsically directional — as the N-terminus is distinct from the
C-terminus. As such, when our ligands are assembled into lantern type MxL4 cages,
there are four different isomers that can occur, ‘All Up’ CCCC, ‘Three Up’ CCCN, cis
CCNN, and trans CNCN.

This orientation is a consequence of the removal of the Cazv axis present in lantern
cages with non-directional ligands, and is an achiral feature. In achiral systems, the
only arrangement that results in a desymmetrisation of the ligand environments is the
‘Three Up’ CCCN.

In our system, the inherent chirality results in a facial desymmetrisation of the ligand,
giving each ligand a defined ‘left’ and ‘right’ face. This ligand desymmetrisation breaks
some of the symmetry elements that are present in achiral systems. For example, in
the cis CCNN cage, the central mirror plane is removed, giving rise to two distinct
ligand environments rather than one.

The introduction of a third, internal, ligand coordinating unit influences the relative
ligand orientation and isomer selectivity within the cage system. The cis CCCN and
trans CNCN in particular are difficult to model, and will require some level of
deformation either to the palladium coordination plane, or to the ligand linearity.

In our previous publication,!S3! we discussed in detail how it is possible to prove the
isomerism present in PdzL4 systems by considering the symmetry elements present in
each structural isomer, and relating this to the number of ligand environments and the
NOE effects that are observed. We summarise this below; however, we direct readers
to our previous paper ESI Section 10,53 for a more detailed discussion (Figure S181).

138



QOO0 CO0™

0 0 00
Hb. = | Hb Hb. z Hb
|
Ha” N"“Ha Ha” “N” “Ha S
10 ‘ 8 ‘ 5
b) TH NMR NOESY Spectra
N
“All Up”
Ha Hb -
n 8.5
T | T
10 8 6
“Three Up”
Ha Hb
| |
T | T
10 8 6
“Cis”
T | T

10 8 6
”Trans”
Ha Hb % i
NI .

—8.5

© - -

9 8.5 8

9
]

Figure S181. Summary of Pd:Ls cage isomerism a) showing the ligand and a hypothetical, simplified
H NMR spectrum, and b) showing each possible cage isomer, and their simplified, hypothetical partial
H NMR and NOESY spectra, illustrating how each structural isomer can be identified.
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It is important to consider, however, that the above representations are idealised and
purely hypothetical and, therefore, do not account for any increase in complexity
arising from trapped rotations or increased/decreased proximity and so NOE effects
due to unexpected steric constraints.

In an idealised representation, the introduction of a third coordination unit, to generate
PdsL4 systems, does not change the number of ligand environments expected to arise
for each structural isomer. As it is not possible to account for all deformations and
models that could theoretically arise, we begin by considering each system based on
symmetry operations and the resulting number of ligand environments, before further
analysing the 2D data.

As both NMR and CD spectra indicate a reduction in PPIl character in ligand L7-S
and L*S containing 4S centres, compared with ligands L7-f and L*® containing 4R
centres, it is likely that ligands L7-S and L*S experience a level of deformation away
from PPII. This may either impact linearity or the metal binding coordination centre,
but is difficult to represent in simplified model systems like the ones above. We
therefore use these representations as a best approximation and suggest they should
be taken as a guide.

Cage PdsL7R4(BF4)s

We have assigned cage PdsL7-As(BFa4)s as the cis CCNN cage as the major isomer,
supported by analysis of the 1D and 2D NMR data discussed below.

In PdsL7-R4(BF4)s, we observe two distinct and equal ligand environments that are in
separated spin systems. This splitting of the entire ligand system, and not just of the
aromatic signals as we would expect from a restricted rotation, is only consistent with
formation of a cis CCNN cage isomer with diastereotopic splitting. This is analogous
to our previously reported PdzL4 cis CCNN systems, where the cis CCNN preference
arises from a ‘ilt’ in the cage.S3!

We would expect the NOESY correlations of the aromatic signals in this cage to be
similar to those observed for our previous Pdz2L4 systems, whereby each of the four
separate pyridine environments (left and right N-terminus, and left and right C-
terminus) show correlations with two other, distinct, pyridine environments. The two
aromatics next to each pyridine are close contacts, and the pyridines ‘trans’ to one
another are less likely to interact, though there have been previous reports of contacts
being possible between trans pyridines.S8

Additionally, we must also consider the NOESY correlations that would arise from the
internal coordinating motifs. These two additional pyridine environments,
corresponding to the left and right ligands, would be isolated from the ‘terminal’
coordination motifs and therefore would see correlations between one another but
would be unlikely to see the other peaks (Figure S182).

In summary, the ‘outside’ palladiums are coordinated to four different pyridines, and
are related to one another via a rotational axis of symmetry. The internal palladium is
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only coordinated to the internal pyridines, resulting in a system where each pyridine
sees it’s magnetic equivalent through one side, (therefore no NOE), and it’s
diastereotopic partner through the other side (therefore one NOE). This results in 2
signals being in one ‘group’ of NOESY effects, and 4 signals being in the other.
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Figure S182. Representation of cis CCNN PdsL4 cage with differing aromatic environments highlighted
and colour coordinated, showing the desymmetrisation between the left and right side, and an illustrated
example of the expected NOE relations.

In the NOESY spectrum of PdsL7-Fa(BF4)s, we observe an isolated square NOE pattern
between two different pyridine environments, with no COSY correlation between the
signals (Figure S43), which we can therefore attribute to internal residues coordinated
to the same metal centre (Figure S183), and the presence of the cis CCNN isomer of
cage.

Looking at the top and bottom spin systems, it is harder to discern specific correlations,
as the peaks are close together, and so we are at the limit of the peak resolution.
However, it is obvious that they are interacting, and are all in close proximity to one
another, supporting our assignment of the cis CCNN isomer of cage.

As each ligand has three pyridine environments, the observed doubling to six pyridine
environments upon cage formation (of which four are in one environment, and two are
in another) allows us to confidently assign PdsL7-A4(BFa4)s, as a cis CCNN cage, with a
horizontal C: axis of rotation symmetry.
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Figure S183. Partial 950 MHz NOESY spectrum of PdsL7:-Rs(BF4)s, showing correlations between
internal pyridine signals (9.20 ppm and 9.08 ppm), but no interaction to the termini, with ‘gaps’
highlighted in red.

Cage PdsL*R4(BF4)s

We have assigned cage PdsL*F4(BF4)s as an inextricable mixture PdsLs4 isomers,
supported by analysis of the 1D 'H NMR and HRMS data discussed below.

The 'H NMR spectrum of PdsL*F4(BFa)s, is significantly more complex than that of its
structural isomer PdsL”-f4(BF4)e. Despite this, the HRMS shows clean formation of
PdsL4 cage species (Figure S60) and is remarkably similar to that obtained for 7(BF4)s,
(Figure S49). This suggests that the complexity we observe in the NMR spectrum of
PdsL*F4(BF4)s is due to cage structural isomerism, rather than partial complex
formation.

The simplest way to identify the isomerism within a system is to consider the number
of ligand environments present. As with our previous systems, the tert-butyl protons
provide a good handle for this, as there is only one tert-butyl group per ligand
environment. Therefore, each signal corresponds to a different ligand environment.
For PdsL*F4(BF4)s, we clearly resolve eight major tert-butyl signals, indicative of eight
different ligand environments (Figure S184).
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Figure S184. Partial 950 MHz 'H NMR spectrum of PdsL4R4(BF4)s, showing closer detail on the eight
major tert-butyl peaks, and the complexity of the aromatics.

To observe this number of ligand environments, all four cage isomers must be
simultaneously present (one environment for the ‘All Up’ CCCC, one for the trans
CNCN, two for the cis CCNN and four for the “Three Up’ CCCN). As such, we assign
the complexity of the 'H NMR to an inextricable mixture of all cage isomer peaks, and
thus a total lack of isomer selectivity.

In both of the following examples, the stereocentres directly attached to the metal
coordinating units have been inverted relative to the above examples. We believed
that this inversion from 4R to 4S substitution would alter the direction of the metal
coordinating vectors and thus influence the isomer selectivity. However, the
introduction of unnatural 4S-Hyp residues into ligands L7-S and L*S is also expected
to have a destabilising effect on the PPII structure, which was observed in both the 'H
NMR (Figures S185 + S186) and CD (Figure S168) spectra of these ligands. As such,
we expected that both factors would influence the self-assembly of these ligands and
the observed isomer selectivity.
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Figure S185. Partial stacked 600 MHz 'H NMR spectrum of diastereoisomers L7:A (top), and L7S
(bottom), showing minor species due to increased PPI character in L7:S .
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Figure S186. Partial stacked 600 MHz 'H NMR spectrum of diastereoisomers L4R (top), and L4S
(bottom), showing minor species due to increased PPI character in L4S.
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Cage [PdsL7S4(BF4)s]2
We have assigned cage [PdsL”-°i4(BFa)s]2 as a PdeLs interpenetrated complex,

supported by analysis of the 1D and 2D NMR, and HRMS data discussed below
(Figure S187).
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Figure S187. Summary of data supporting assignment of (PdsL"-5), cage A. '"H NMR (600 MHz, D20,
298 K) of interlocked cage (PdsL7:Ss), (top) and ligand L7-S; (bottom). B. 'H DOSY NMR (600 MHz, D»0O,
298 K) of ligands L7-S4, L45, (red) and cages (PdsL7:54)2 (green) and PdsL45, (blue), with hydrodynamic
radii shown. C. Circular dichroism of ligand L7:S; (red) and cage (PdsL":54), (blue) showing significant
loss of PPII structure on assembly. D. ESI-HRMS data of (PdsL7:5:)., showing disassembly of
interlocked PdsLs species on dilution, whilst PdsLs cage PdsL?S; remains upon dilution. Isotopic
distributions of peaks in ESI-HRMS (recorded top, simulated bottom) for both PdsL?-S4 and (PdsL7:5s).
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As the 'H NMR spectrum of [PdsL7-54(BFa)e]2 is very broad, this provides us with little
information regarding the isomerism present in this system; however, DOSY NMR
indicates the formation of a single species with a larger hydrodynamic radius than the
other cage species discussed within this work (Figure S67). Additionally, HRMS
confirms the presence of a PdsLs species (Figures S72 — S77). We thus hypothesise
that [PdsL7-Sa(BF4)e)2 is an interpenetrated structure formed by the interlocking of two
PdsL4 cages. This is supported by DOSY and dilution studies, in which an increase in
the proportion of PdsL4 species in the equilibrium is observed upon dilution (Figures
S121 + S187D). While PdsL4 cage isomerism is limited to the four major orientations
discussed above, there are numerous ways in which interpenetrated species can form,
giving rise to a very large number of possible isomers. For example, each single
isomer has 4 possible ‘partner’ cages (CCCC/CCCC, CCCC/ICCCN, CCCC/CCNN,
CCCCICNCN, etc...), giving 10 possible combinations. Further complexity is added
as our PdsL4 systems can form both hetero and homoleptic cavities, thus increasing
the possible number of combinations. We must also account for the manner of
interlocking i.e. entirely interlocked on all four ligands positions, semi-interlocked etc.

As such, it is impossible to discern the exact manner of interlocking of [PdsL7-Sa(BF4)e]2
from the available data; however, we were able to probe the self-assembly of this
species further by monitoring its formation with '"H NMR and HRMS. In the '"H NMR of
the intermediate species, Pd2L"-54(BF4)4 we observe four aromatic Ha pyridyl peaks,
i.e. two ligand environments and so a two-fold desymmetrisation, shifted to a higher
ppm (Figure S188). This is consistent with the formation of a cis CCNN Pd2L4 cage
species.

We observe four rather than six Ha signals as the central moieties are not coordinated,

and so are overlapped with the starting material. Intermediate HRMS data confirms
the presence of Pd2L4 (Figures S99 + S100).
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Figure S188. Partial 'TH NMR spectra of ligand L7S (bottom) and partial cage assembly (top).
Intermediate peaks of Pd2L7:S4(BF4)4 highlighted in red and blue correspond to partial PdzL4, cis cage
formation.

On occupying the final binding site, so creating a PdsL4 stoichiometry, we hypothesise
that deformation is required to align the central binding moieties, favouring the
formation of an interpenetrated complex. This is in contrast to ligand L?-?, which forms
the PdsL4 cage even at low Pd stoichiometries (Figure S189).
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Figure S189. Partial 'H NMR titration (600 MHz, D20, 298 K) of L%R (left) and L7S (right) with
Pd(CH3sCN)4(BF.4)2, showing direct assembly of final PdsLs species PdsL7:-R4(BF4)s for L7:R | but initial
formation of a Pd;L, intermediate species Pd,L7:S4(BF4)4 (highlighted in purple) for L7:S. The intensity of
peaks of PdoL7-5;(BF4)s at ~9.0 ppm are scaled x3 relative to the rest of the spectrum for clarity.

A likely driving force for the formation of interpenetrated cage complexes is to free
frustrated solvent molecules from within cage cavities. PPI helices have been reported
to have weaker interactions than PPII helices with polar solvents such as water due to
the orientation of carbonyl groups along the helix.[S?! Therefore, we hypothesise that
the displacement of weak water:ligand interactions with Van der Waals and r-stacking
interactions on cage interpenetration leads to the unexpected catenation in this ligand
system.
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Cage PdsL*S4(BF4)s

Cage PdsL*S4(BF4)s is an ‘All Up’ CCCC major isomer, supported by analysis of the
1D and 2D NMR data discussed below.

This ligand, L*S, is the ‘opposite’ of our first ligand L*%, both in sterecisomerism and
structural isomerism. Akin to cage, PdsL"-Fa(BF4)s, Pd3L*5(BF4)s also exists as one
major, discrete isomer (with slightly less preference/selectivity than PdsL”-Fa(BF4)s, as
revealed by the increased number of sub-peaks) but forms only one ligand
environment, as indicated by the presence of one major tert-butyl signal and three Ha
signals.

The absence of desymmetrisation upon cage assembly is immediately indicative of
either the trans CNCN or ‘All Up’ CCCC isomer. We believe that the geometric
constraints imposed by the design of the ligand would result in CCCC ‘All-Up’ being
the more favourable isomer. To evidence this, we provide the below NMR analysis.

In PdsL*S4(BF4)s we observe significant distortions to the ligand signals that we have
not been observed previously. We see highly shielded proline aliphatic peaks, and
additional NOE interactions between pyridines that are absent in other species.

In general, the NOESY spectrum of PdsL*Si(BFa)s shows significant interactions
between the proline backbone and the aromatics, particularly with the a-pyridyl signals
which usually have very low levels of interaction (Figure S188).

Previously we have shown, by CD and 'H NMR analysis of a specifically designed '°F
tagged cage, that we see little evidence of cage collapse in cis CCNN cages;S8l
however, the increased number of correlations that we observe in this case are very
suggestive of a level of collapse to some of the internal cavity.

CD spectroscopy (Figure S170) suggests that this collapse occurs due to a significant

deviation from an idealised PPII structure upon cage formation, with some form of
chiral secondary structure arising.
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Figure $190. 950 MHz NOESY of PdsL#54(BF4)s (top), and NOESY of PdsL7:R4(BF4)s (bottom), showing
differences in relative intensity of correlations between aromatics and backbone proline CHs, which are
much higher in PdsL454(BF)s.

149



We hypothesise that cage PdsL*S4(BF4)s forms an ‘All Up’ CCCC isomer in which the
smaller internal cavity is “collapsed” as a result of this deformation. This is supported
by a clear and significant upfield shift (up to ~1.5 ppm) in a select few proline backbone
signals, indicating a significant shielding, most likely arising from interactions between
these peaks and the aromatic pyridine moieties (Figure S191). These peaks also have
NOEs to two of the three aromatic signals (Figure S192).

These likely belong to one of the two prolines between the N-terminus and the central
binding moiety, which are positioned below the aromatics in a collapsed cage cavity
brought about by this cage deformation. The smaller Hyp-Pro-Pro-Hyp section is more
likely to collapse as it contains a greater local concentration of 4S-Hyp which
destabilises PPII.
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Figure S191. Partial stacked 'H NMR spectra of cage PdsL4S4(BF.)s (top), and ligand L4S (bottom)
showing shift of central proline residues, along with representation of shielding stack.

The NOESY spectra show that all the proline peaks that are in close contact with both
of these aromatic environments are significantly shielded (Figure S188).

Additionally, there are NOESY interactions between two of three aromatic
environments, indicating close proximity. Whilst this could occur in the frans CNCN
cage, the spectra also show these two aromatic environments have significant
interactions to a shared set of peaks belonging to the proline backbone, where the
third is an isolated set of signals that interact with its own proline family, but has no
other overlap.

This supports the ‘All Up’ CCCC cage where the collapse at the bottom results in some
NOE between aromatic signals, but the C-terminus remains isolated. If the trans
CNCN cage had formed, we would expect to see overlap between NOE effects from
all three aromatic spin systems, as the C- and N-termini would be in close proximity.
In addition, peaks would result from the N-termini being in close contact with the
central binding moiety (as it is only 3 residues removed). As we only see two in contact,
and one peak with no shared NOE overlap, we can assign this isolated spin system to
the C-terminus, and the other two to the N-terminus and central binding site,
confirming that we have formed the ‘All Up’ CCCC isomer.
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Figure S192. NOE correlations between the middle and N-terminal spin systems vs the C-terminal spin
systems, with missing overlaps highlighted to show that the C-terminus is isolated.

151



Assembly in ds-MeCN

We have previously reported isomeric control is dependent on solvent. We attribute
this dependence to a variation in PPII stability on solvent. As cages PdsL*"; and
PdsL"-5; show a tolerance to partial deformation from PPII to PPI structures, we sought
to investigate the solvent tolerance of the self-assembly process.

We carried out a cage assembly of L”F in d-MeCN, a common solvent in metal-
organic cage self-assembly and one which we previously observed an increase in PPI
structure by CD spectroscopy.!S3]

We observe minor species due to increased PPI character in "H NMR of LA in ds-
MeCN (Figures S193 and S194) and, upon addition of 0.75 eq. Pd(CH3CN)4(BF4)2, a
broad 'H NMR spectrum for which no significant formation of discrete cage species
were observed by ESI-HRMS (Figures S195 and S196). This suggests that the
stability of the PPII structure in H20 is required for cage-assembly and resultant isomer
control.
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Figure S193. Stacked 'H NMR (600 MHz, 298 K) spectrum of L7:R in DO (top) and ds-MeCN (bottom),
showing minor species due to increased PPI character in d;-MeCN.

152



O

—}—QN ,..JOLN .‘JOLN .,JOLN ‘,.JO(N .,jiN A,JOKN ,jiN A_JOKN ‘,jiN 3\—NH2
stetstotetetotete

O [eXgFe]
z -
5 5
N N

T T T T T T T T T T
9.0 8.9 8.8 8.7 8.6 8.0 7.9 7.8 77 76
Chemical Shift (ppm)

Figure S194. Partial stacked 'H NMR (600 MHz, 298 K) spectrum of isomer L7:R in DO (top) and ds-
MeCN (bottom), showing minor species due to increased PPI character in ds-MeCN.
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Figure $S195. 'H NMR (ds-MeCN, 600 MHz, 298 K) spectrum of L7:R with 0.75 eq. Pd(CHsCN)4(BF4)2.
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Figure $196. ESI-MS (+ve ion, d>-MeCN/H20) of 2 with 0.75 eq. Pd(CH3CN)4(BFa4)2.
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Hypothesis for difference in isomer control between PdsL7R4(BF4)s and PdsL*R4(BF4)s

Our previous studies of PdzLs systems indicated that the cis CCNN cage isomer
adopted a tilt, where the helical axis of the oligoproline rods was not perpendicular to
the pyridine co-ordination vector due to projection of the 4R stereocentre from the
cyclic proline sidechain (Figure S197). This significantly decreased the energy of the
cis CCNN relative to the other isomers.
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Figure S197. Side view of 1 molecular model (left) and stylised representation (right) showing origin of
tilt adopted by ligands within PdsL4 cages. Sites for installation of internal metal co-ordination vectors
highlighted in red. Pyridine co-ordination vector represented by black arrows, direction of helical axis
represented by grey, dashed arrow.

As the internal metal coordination site is located asymmetrically along the oligoproline
backbone, its coordination vector can no longer be parallel to those at the N- and C-
termini in the cis CCNN isomer. This prevents the central PdPyrs plane from lying
parallel to the terminal planes in the PdsL4 structure and requires a level of distortion
of the internal metal co-ordination unit.

In L7-R, the distortion required is smaller, and in the same direction of the helical axis
as already required for the terminal coordination vectors (Figure S198A). In contrast,
the distortion in L*# is larger and in the opposite direction to the direction of the helical
axis and the terminal coordination vectors, which would require significant backbone
or metal binding site distortion (Figure S198B).
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Figure S198. A. Side view of PdsL7:R4(BF4)s cis CCNN isomer molecular model (left) and stylised
representation showing smaller distortions of central co-ordination vector in same direction as terminal
co-ordination vectors highlighted in green (right). B. Side view of PdsL*FR4(BF4)s cis CCNN isomer
molecular model (left) and stylised representation showing larger distortions of central co-ordination in
opposite direction to terminal co-ordination vectors highlighted in red (right).
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11. Host-Guest Studies

A stock solution of PdsL7:R4(BF4)s or Pd3L*S4(BF4)s was prepared in D20 or 10% de-
DMSO at 0.250 mM. The stock solution contained a small volume of dioxane to act as
an internal reference standard. 25 mM - 72 mM stock solutions of guests of interest
were prepared in separate vials in D20. In each case, 450 pL of cage solution in an
NMR tube was titrated with aliquots of 1.5 — 20 pL of guest solution to a typical total
of 10 eq. of guest. Where cage precipitation occurred, titrations were stopped.
Irinotecan.HClI lacked sufficient solubility in D20, and so titrations were carried out with
10% ds-DMSO in D20.

To determine association constants, curve fitting of the experimentally obtained
titration isotherms (equivalents of guest vs chemical shift of cage and/or guest proton)
was carried using a nonlinear least-squares curve fitting procedure using the online
software hitps://supramolecular.org/, with 1:1 global fitting models (Nelder-Mead
method) found to provide the best fit.[S10]

PdsL7R4(BF4)s + Sodium Benzenesulfonate

013 30 0% Q23 o

PdsL7.A(BFs) @’ D Nat
. Mkﬁ*’]

S R WP
S| | WA

T T T T T T T T T T T T T T T T T T
105 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

Figure $199. 'H NMR titration (D20, 600 MHz, 298 K) of PdsL"R4(BF4)s (0.25 mM) and varying
equivalents of sodium benzenesulfonate.
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Figure S200. Partial '"H NMR titration (D20, 600 MHz, 298 K) of Pd3sL7:Rs(BF4)s (0.25 mM) and varying
equivalents of sodium benzenesulfonate.
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Figure S201. Binding plots for PdsL?:R4(BF4)s and sodium benzenesulfonate. K, = 910.8 M-! £ 5.8 %.
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Figure S202. 'H NMR titration (D20, 600 MHz, 298 K) of PdsL454(BF4)s (0.25 mM) and varying
equivalents of sodium benzenesulfonate.
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Figure $203. Partial 'H NMR titration (D20, 600 MHz, 298 K) of PdsL*54(BF4)s (0.25 mM) and varying
equivalents of sodium benzenesulfonate.
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Figure S204. Binding plots for PdsL454(BF4)s and sodium benzenesulfonate. Ko = 119.6 M-! + 3.8%.

PdsL7R4(BF4)s + Sodium Pyrene-1-sulfonate

Figure S205. 'H NMR titration (D20, 600 MHz, 298 K) of PdsL"R4(BF4)s (0.25 mM) and varying
equivalents of sodium pyrene-1-sulfonate.
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Figure S206. Partial '"H NMR titration (D20, 600 MHz, 298 K) of PdsL7:R4(BF4)s (0.25 mM) and varying
equivalents of pyrene-1-sulfonate. Peaks at ~1.2 ppm have been scaled independently to the rest of
the spectra.
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Figure S207. Binding plots for PdsL":R4(BF4)s and sodium pyrene-1-sulfonate. K = 2192.4 M1 + 6%.
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Pd3L*S4(BF4)s + Sodium Pyrene-1-sulfonate
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Figure S208. 'H NMR titration (D20, 600 MHz, 298 K) of PdsL454(BF4)s (0.25 mM) and varying
equivalents of pyrene-1-sulfonate.
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Figure $209. Partial 'H NMR titration (D20, 600 MHz, 298 K) of PdsL*54(BF4)s (0.25 mM) and varying
equivalents of pyrene-1-sulfonate. Larger magnitude shift of external Hyp Hy, and Hg highlighted.
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Figure S210. Binding plots for PdsL45(BF4)s and sodium pyrene-1-sulfonate. Ky = 1557.5 M1 + 7%.
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Pd3L7R4(BFa4)s + Irinotecan.HCI
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Figure S211. 'H NMR titration (9:1 D-O:ds-DMSO, 600 MHz, 298 K) of PdsL7:R4(BF4)s (0.25 mM) and
varying equivalents of Irinotecan.HCI.
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Figure S212. Partial 'H NMR titration (9:1 D20O:ds-DMSO, 600 MHz, 298 K) of PdsL7:-R4(BF4)s (0.25 mM)
and varying equivalents of Irinotecan.HCI.
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Figure $213. Binding plots for PdsL?:R4(BF4)s and Irinotecan.HCI. Ky = 2188.4 M- + 6%.
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Figure S214. 'H NMR titration (9:1 D-O:ds-DMSO, 600 MHz, 298 K) of PdsL454(BF4)s
(0.25 mM) and varying equivalents of Irinotecan.HCI.
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Figure S215. Partial 'TH NMR titration (9:1 D20:ds-DMSO, 600 MHz, 298 K) of Pd3sL4S4(BF.)s (0.25 mM)
and varying equivalents of Irinotecan.HCI. Peaks at ~1 ppm have been scaled independently to the rest
of the spectrum.
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Figure $216. Binding plots for PdsL454(BF4)s and Irinotecan.HCI. K, = 2626.9 M- + 9%.
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Pd3L7R4(BF4)s + Sodium D:10- Camphorsulfonate
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Figure S217. 'H NMR titration (D20, 600 MHz, 298 K) of PdsL"R4(BF4)s (0.25 mM) and varying
equivalents of Sodium D-10-Camphorsulfonate.
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Figure $218. Partial '"H NMR titration (D20, 600 MHz, 298 K) of PdsL7:R4(BF4)s (0.25 mM) and varying
equivalents of Sodium D-10-Camphorsulfonate.
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Figure $219. Binding plots for PdsL7:R4(BF4)s and Sodium D-10-Camphorsulfonate. Ky = 65.5 M1 + 2%.

Pd3L*S4(BF4)s + Sodium D-10- Camphorsulfonate
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Figure $220. 'H NMR titration (D20, 600 MHz, 298 K) of PdsL454(BF4)s (0.25 mM) and varying
equivalents of Sodium D-10-Camphorsulfonate.
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Figure S$221. Partial 'H NMR titration (D20, 600 MHz, 298 K) of PdsL*54(BF4)s (0.25 mM) and varying
equivalents of Sodium D-10-Camphorsulfonate.
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Figure S222. Binding plots for PdsL454(BF4)s and Sodium D-10-Camphorsulfonate. K = 23.0 M1 +
10%.
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PdsL7R4(BF4)s + Sodium (i-)- 10-Camphorsulfonate
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Figure $223. 'H NMR titration (D20, 600 MHz, 298 K) of PdsL"-R4(BF4)s (0.25 mM) and varying
equivalents of Sodium (z)-10-Camphorsulfonate.
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Figure S$224. Partial '"H NMR titration (D20, 600 MHz, 298 K) of PdsL7:R4(BF4)s (0.25 mM) and varying
equivalents of Sodium (z)-10-Camphorsulfonate.
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Figure $225. Binding plots for PdsL?:R4(BF4)s and Sodium (+)-10-Camphorsulfonate. K, = 62.6 M1 +
3%.
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Figure $226. 'H NMR titration (D20, 600 MHz, 298 K) of PdsL454(BF4)s (0.25 mM) and varying
equivalents of Sodium (z)-10-Camphorsulfonate.
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Figure $227. Partial 'H NMR titration (D20, 600 MHz, 298 K) of PdsL*54(BF4)s (0.25 mM) and varying
equivalents of Sodium (z)-10-Camphorsulfonate.
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Figure $228. Binding plots for PdsL4S4(BF4)s and Sodium (+)-10-Camphorsulfonate. K, = 26.5 M- +
7%.
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12. Molecular Models

Structures and energies were calculated with SAMSON, using the crystal structure of
a hexaproline in the PPIl conformation(S''l and our PdzLs models!S?! to build ligand
strands. Structures were manually positioned to minimise apparent strain, before
minimisation routines were performed. Once convergence had been achieved, further
refinement was undertaken by molecular modelling (Universal Force Field, with Fast
Inertial Relaxation Engine, SAMSON)S'2l which was run until iterations converged
within 1 kd/mol. Where appropriate, minimised energies have been included.

All amide bonds were positioned in the trans conformation and all 4-substituted proline
residues were positioned in an exo ring pucker regardless of the 4S5/4R substitution
preference. Whilst we know from experimental 'TH NMR and CD data that 4S-
substituted ligands L7-° and L*S show some level of cis-trans isomerism and therefore
a decrease in PPIl character (Figures S21, S29, S31 + S39), we were unable to
determine the extent of this isomerism along the proline backbone or the level of
deviation this imparts from an ideal PPII structure. As such, we were unable to account
for this in our models of cages PdsL”-°; and PdsL*%4, neither do we account for any
possible cage collapse in cage PdsL*S4. As such, these models provide an indication
and visual guide.

Figure S229. Energy minimised cis CCNN cage PdsL7-R4(BF4)s, side view. Minimised energy 6991
kd/mol.
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Figure S230. Energy minimised cis CCNN cage PdsL7:Rs(BF.)s, top view. Minimised energy 6991
kd/mol.

Figure S231. Alternative ‘All Up’ CCCC structural isomer of cage PdsL7-R4(BF4)s, side view. Minimised
energy 7078 kd/mol.
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Figure S$232. Energy minimised ‘All Up’ CCCC isomer of cage PdsL%FR4(BF4)s, side view. Minimised
energy 6802 kd/mol.

Figure S233. Energy minimised ‘All Up’ CCCC isomer of cage PdsL*FR4(BF4)s, top view. Minimised
energy 6802 kd/mol.
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Figure S234. Energy minimised cis CCNN isomer of cage PdsL4R4(BF.)s, side view. Minimised energy
6986 kJ/mol.

Figure $235. Energy minimised cis CCNN isomer of cage PdsL4F4(BF.)e, top view. Minimised energy
6986 kJ/mol.
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Figure S236. Energy minimised frans CNCN isomer of cage PdsL4FR4(BF4)s, side view. Minimised
energy 6950 kd/mol.

Figure S237. Energy minimised frans CNCN isomer of cage PdsL4R4(BF4)s
, top view. Minimised energy 6950 kJ/mol.
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Figure S$238. Energy minimised CCCN isomer of cage PdsL4R4(BF.)s, side view. Minimised energy
6963 kJ/mol.

Figure $239. Energy minimised CCCN isomer of cage PdsL4R4(BF4)s, top view. Minimised energy 6963
kd/mol.
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Figure S240. Energy minimised interpenetrated cage [PdsL7-Si(BFa4)s]2, side view. Representative
structure shows a four-fold interpenetration of two cis CCNN cages.

Figure S241. Energy minimised cis CCNN cage isomer of intermediate Pd2L7-54(BF,), side view.
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Figure S242. Energy minimised ‘All Up’ CCCC cage PdsL*54(BF4)s, side view. Minimised energy 6672
kd/mol.

Figure S243. Energy minimised ‘All Up’ CCCC cage PdsL?*S4(BF)s, top view. Minimised energy 6672
kd/mol.
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Figure S244. Alternative frans CNCN structural isomer of cage PdsL454(BF.)es, side view. Minimised
energy 6691 kd/mol.
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