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General experimental methods.

CH.Cl, was dried over CaiHand distilled under argon atmosphere; THF wasido\er
Na/benzophenone and distilled under argon atmospl@@ther solvents and chemicals
were of reagent grade and were used without furpheification. 'H and *C NMR
spectra were recorded on a Brucker ARX (250 MH&acspmeter or an Advance 500
spectrometer (500 MHz). Chemical shifts are exmeéss ppmMS (ESI) analyses were
obtained with a ThermoFinnigen LCQ Advantage spa&céter using methanol as
solvent. HRMS andElemental Analysis were performed at the “Institut de Chimie des
Substances Naturelles”, Gif-sur-Yvette, Frar&e spectra were obtained with a Perkin-
Elmer Spectrum on FTIR spectrometer equipped witllIRacleTM single reflection
horizontal ATR unit (germanium crystal). XRD diféttoon data were recorded at the
European Synchrotron Facility (ESRF, Grenoble), nbebne BM30A (FIP). The
wavelength was set to 0.865 A and the detector amasADSC Quantum 315r. The
temperature of the crystal was maintained at 1@ukng data collection.

% Synthesis of [CU3]PFs

Cu(CH3CN)4PF (1.2 mg, 3.210°mmol) was added to a solution (4.2 mg, 3.210°
mmol) in 0.6 mL of outgassed acetonitrile, and #ystem was stirred under Argon
atmosphere. After 1h the solvent was removed uretkrced pressure in order to obtain
a greenish-yellow solid.

Yield: 97% (4.6 mg, 3.1 I®mmol).
'H NMR: See Figure S21

% Synthesis of [CU3](CIO,),

A solution of Cu(ClO,), BH,0 (0.96 mg, 2.6.0° mmol) dissolved in 50L of distilled
THF was added to a solution 8f(3.3 mg, 2.610° mmol) in 10QuL of acetone, and the
system was stirred overnight. The organic phaseisaated by centrifugation and the
solvent was removed under reduced pressure in toddatain a green solid.

Yield: 96% (3.8 mg, 2.5 I®mmol).
UV-Vis in acetone:Ama=720nm €= 116 M* cm?), See Figure S14.
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Figure S1: ESMS and HRMS of3®*,NOs] (MeOH).
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Figure S2:*H NMR (500 MHz, acetone®) of 3: A) 240K; B) 260K; C) 280K; D) 300K.
U=Har, ®=Hpy,, w=watem=0OCH,, B=NCH,, *:ArCHz, ®=0CHg, S=solvent.
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Figure S3:'H NMR (250 MHz, dmsat®) of [3B*,NO3]: A) 300K; B) 320K; C) 340K;

D) 360K. <*=NH", [J=H,,, ®=Hp,, w=water,A=OCH,, B=NCH,, ¥=ArCH,, ®=0CH;,
S=solvent.
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Figure S4:°C NMR (62.5 MHz, 300K, dmsd®) of [3E*,NO3].
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Figure S5:*H NMR (250 MHz, acetone?®, 300K) of: A) 1 in the presence of HNG10
equivalents); B) 3 *,NOz]. <=NH", (J=Hp;, ®=Hp,, w=water, A=OCH,, B=NCH,,
$£=ArCH,, ®=0CH;, S=solvent,O=tBu, G=grease.
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Figure S6: '"H NMR (500 MHz, acetone®) of [3*,NO3]: A) 220K; B) 240K; C)
260K; D) 280K; E) 300K. “=NH", (J=Hp, ®=Hp,, w=water,A=OCH,, B=NCH,,
¥=ArCH,, ©®=0CH,, S=solvent.
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NMR characterization of [3[H"*,NO3].

A sample of B *,NO3] was dissolved in acetomig-{about 5 mg/mL) and transferred
into a 5 mm NMR tube equipped with a J. Young valMege NMR spectra were recorded
without sample spinning on a Vari§part of Agilent) VNMRS spectrometer operating at
14.1 T (599.94 MHz fotH and 150.87 MHz fot*C) using either a standard 5 mm triple
inverse probe (down to -35°C) or a standard 5 mmadband probe (for T < -35°C),
both equipped with z-gradient and sample tempezaegulation. The signal of the
solvent was used for chemical shift referencidH = 2.08 ppm$ *°C = 29.8 ppm).

Variable temperaturtH NMR spectra of this freshly prepared sample ams in

Figure S7. At -35°C, three broadened signals ofiltensity were detected at> 9 ppm
(inset of Figure S7c) and could be assigned td\iH& group of distinct conformations.
Indeed, (i) COSY correlations with the vicinal mgédne groups of the TMPA cap were
observed for the two most intense signals at 10d6%6 ppm (see Figure S8), (ii) each
signal is involved in EXSY correlations with thénet two (Figure S9) and (iii) none of
them was observed three weeks later as a consexjaEhke~>D exchange with acetone-
ds (the impurity signal at 10.0 ppm was still obsekveot shown). The signal of water at
about 5 ppm is strongly broadened and was effiljiesnippressed by filtering (Figure
S7d).
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Figure S7: Variable temperaturéH NMR spectra of a freshly prepared sample of
[3M@*,NO;] (a-c) and spectrum recorded at -35°C using-élf€r of 4 ms (600 MHz,
acetoneds). S=solvent, x=impurity.
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Figure S8: Regions of the aquOéY spectrum recoraed aTliT 351?5(3 freshly prepared
sample of BB *,NO] (600 MHz, acetonek).
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The EXSY correlations observed in the 2D-ROESY spet (Figure S9) were used to
identify the signals pertaining to the same chehgoaup in the three conformations.
They reveal the two set of aromatic signals, refitto as ArHa and ArHb, for the
calixarene core (Figure S10); these signals wearlgl evidenced by 1D-ROESY
experiments (Figure S11). The HMBC spectrum indisdhat the ArHa signals belong to
p-nitroanisol units (Figure S12). Indeed, ArHa @ide 'H signals are correlated to the
same quaternary aromatfi observed at about 162 ppm.
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Figure S9: 2D-ROESY NMR spectrum of a freshly prepared sangflg3HE ™, NO;]
recorded at -35°Crix = 500 ms, 600 MHz, acetonk). Correlations due to chemical
exchange (EXSY-type) are shown in blue; correlatiarising from nuclear Overhauser
effects (NOE-type) are in red.
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Figure S10:EXSY correlations observed in the aromatic regibthe 2D-ROESY NMR
spectrum of 3@ *,NO3] recorded at -35°Crix = 500 ms, 600 MHz, acetomig). PyrH =
'H of the pyridine moieties.
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Figure S11: Aromatic region of 1D-ROESY spectra & *,NOs] recorded at -35°C (a)

with selective excitation of the ArHa signals a6-8.7 ppm and (b) with selective

excitation of the ArHb signals at 7.5-7.6 pptri{ = 600 ms, 600 MHz, acetor).
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In the aliphatic region of the ROESY-2D spectrung(ife S13), the EXSY correlations
clearly reveal two OMe signals at about 4.4 ppnw(afeeld shifted by more than 1 ppm)
and one OCHisignal at about 4.2 ppm (upfield shifted by mdvant 1 ppm). These
assignments are confirmed by the HSQC spectrunui&ig14). The HSQC spectrum
also reveals ArChigroups characterized by a sni#l diastereotopic shiftA$ < 0.1

ppm) with the correspondindC signal downfield shifted by more than 5 ppm. This
strongly suggests the occurrenceati relative orientations of adjacent aromatic units,
i.e. up-side-down inversion of at least one dnit.

As could have been expected, selective excitatigkrida (*H of the p-nitroanisol units)
does not give rise to significant Overhauser effedth the OMeH (Figure S15, see
also the 2D-ROESY shown in Figure S9). In contrselective excitation of ArHBH of
the aromatic units bearing the TMPA cap) does seich effects, which is consistent
with the up-side-down inversion of (at least) oreipoanisol unit.

1 a)Kanamathareddst al. J. Org. Chem. 1994 59, 3871-3879 ; b) Nest al. J. Am. Chem. Soc. 1992 114, 7814-7821
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Figure S13:Aliphatic region of the 2D-ROESY NMR spectrum 8 *,NO3] recorded
at -35°C €mix = 500 ms, 600 MHz, acetork).
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Figure S14:Aliphatic region of the edited-HSQC spectrum 3f{",NO3] recorded
at -35°C (600 MHz, acetora).
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Deconvolution analysis of théH NMR spectrum of [3[H*,NOs]

Figure S16 shows a deconvolution analysis of thé Migion of theH NMR spectrum
recorded at -35°. The model consists of a con&tasgline and a single Lorenztian
function for each signal (unresolved scalar cogdiwith the vicinal NChlgroups were
ignored). By this way, the molar proportions of theee conformations were found to be:
I (63.9+1.1) %,
Il (33.4+£0.9) %,
Il (12.7 +0.6) %.

T
Experiment

INH

I NH

OINH ——
Impurity

Residual

” 105 1CL.D 9j5 9‘.0

V (Hz)
B300 6200 6100 6000 5800 5800 5700 5600 5500 5400
Figure S16:Deconvolution analysis of the NHegion of the'H NMR spectrum

recorded at -35°C for a freshly prepared samp[8Bf,NO3] (600 MHz, acetonel). x
= impurity. The residuals are shown under the scale

A deconvolution analysis was also completed foratyghatic region (Figure S17). The
model consists of a constant baseline, a singleriairan function for each singlet signal,
among which the broad signal of water, and two hati@n functions of identical
intensity and identical linewidth for each douldegnal. For each conformation, the
integrated intensities were constrained accordirthe number ofH and following
assignment:

| corresponds to the partial cone confornmaf@, symmetrical),

Il corresponds to the flattened-cone confdiomx(Csz, symmetrical),

lll corresponds to the 1,3-alternate confdram(Cs symmetrical).
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The scalar coupling constant of the doublets thatarrelated in the dqfCOSY spectrum
was constrained to the same value. The region leetwel and 4.1 ppm was discarded
because it exhibits second order doublets and itapiosignal overlapping.
This analysis properly accounts for the experimesgactrum and yields molar
proportions in excellent agreement with the resoiiitined by the analysis of the NH
region:

I (53.8£0.4) %,

I (33.2+£0.2) %,

I (13.0 £0.2) %.
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Is OMe
Id ArCHZeq
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Figure S17:(a) Deconvolution analysis of the aliphatic regadrthe'H NMR spectrum
recorded at -35°C for a freshly prepared samp[@®f',NO3], the residuals are shown
under the scale, and (b) correspondiagdilfered spectrum (600 MHz, acetodg)
Flattened-cone conformation(ll, Cs, symmetrical, 33% mole):

5.70 ppm, 6 H, s OCH

5.12 ppm, 6 H, s NCH

4.56 ppm, 6 H, d (J=15.4 Hz) ArGHlaxial H)

3.99 ppm, 6 H, d (J=15.4 Hz) ArGKequatorial H)
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3.35ppm, 9 H,s OMe
(I, Cs symmetrical, 54% mole):

5.60 ppm, 2 H, s OCH
5.45 ppm, 2 H, d (J=15.4 Hz) OGH
4.95 ppm, 2 H, s NCH

4.94 ppm, 2 H, d (J=12.3 Hz) NGH

4.67 ppm, 2 H, d (J=12.3 Hz) NGH

4.46 ppm, 2 H, d (J=15.4 Hz) ArGHlaxial H)

4.41 ppm, 3H, s OMe (reversed p-nitroanisol)unit
3.97 ppm, 2 H, d (J=15.4 Hz) ArGHequatorial H)

3.91 ppm, 2 H, d (J=15.8 Hz) ArGHKequatorial H)

3.27 ppm, 6 H, s OMe

1,3-alternate conformation(lll, Cs symmetrical, 13% mole):
5.29 ppm, 2 H, d (J=15.4 Hz) OGH

4.42 ppm, 6 H, s OMe (reversed p-nitroanisols)nit
3.87 ppm, 2 H, d (J=15.9 Hz) ArGHKequatorial H)
3.11ppm,3H,s OMe
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Van't Hoff plot for the conformational equilibria o f [3[E “,NO,]

'H NMR spectra of 3 *,NO3] recorded at variable temperature, down to -70°@ay5
after sample dissolution are shown in Figure Sl8aAonsequence ofkD exchange
with acetoneds, the intensity of the signal of water as well las intensity of the NH
signals (not shown) are much weaker. The signalsodexhibit significant chemical shift
variation with temperature. In contrast, both thlative integrated intensity and the
linewidth do. Deconvolution analysis of the alighakegion of these spectra was
completed using the same model as described abbeanolar proportions of the three
conformations are shown in Figure S19a as a fumadfdemperature. The corresponding
van ‘t Hoff plots are given in Figure S19b.
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Figure S18:Variable temperaturJeH NMR spectra of a sample @ *,NO;] recorded 5
days after sample dissolution (600 MHz, acetdg)eS=solvent.
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Figure S19:(a) Molar proportions of the three conformation$3i*,NO3] as

determined by deconvolution of the aliphatic regidwvariable temperaturgd NMR
spectra (600 MHz, acetorg} and (b) corresponding van ‘t Hoff plot for theioa I / 1

and Il /1. In (), the triangles are the res@itisthe freshly prepared sample and the lines
are guides for the eyes.

The thermodynamic parameters estimated for thesiwe of one p-nitroanisol unit, i.e.
for the 1l (Ca,) === | (Cy) equilibrium, areAH°= +(5.9 * 0.6) kJ molandAS’= +(29 +

3) J K'mol™. For the second inversion, i.e. for thel)(=== Ill (Cs) equilibrium, they
were estimated to k&H°= +(7.3 + 0.6) kJ molandAS’= +(19 + 3) J Kmol™. The

errors corresponds to the standard deviation datedyirom the analysis of 100 pseudo-
experimental data sets obtained by adding randoonsegenerated from Gaussian
distributions and using an absolute standard efr@r0.1 K on the temperature and a
relative standard error of + 10 % on the equilibriconstant (on the molar ratio).

The full width at half-height of variou$! NMR signals of the two principal
conformations of 3/ *,NO3] are shown in Figure S20 as a function of tempesaftor

the flattened-cone conformation, the linewidthite OCH, NCH, and OMe signals are
similar, it decreases for decreasing temperaturdglee variation is globally
monotonous, as expected. In contrast, some sighthe partial cone conformation are
significantly broader and, at low temperature,lthewidth increases for decreasing
temperatures. Interestingly, the linewidth of tHé@signal observed at about 4.41 ppm,
which belongs to the up-side-down p-nitroanisot,uexhibits the expected temperature
variation. These observations suggests that aniaaai dynamic process affecting the
TMPA cap occurs and that this process is more hetm the partial cone conformation.
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| 20 ~4.95 ppm;s2H L 20

I 10 ¥/ 10
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~5.12 ppm;s6H 0 0
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Figure S20:Full width at half-height (LW) of variouH NMR signals of 8 *,NO;] as
determined by deconvolution of the aliphatic regudiwvariable temperature spectra (600
MHz, acetoned). Left side: data for the flattened-cone confoiioratl. Right side: data
for the partial cone conformation I. The triangées the results for the freshly prepared
sample; the lines are guides for the eyes.
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Figure S21:'H NMR (500 MHz, acetoné®) of [Cu'3(CHsCN)]B(C¢Fs)s: A) 240K; B)
260K; C) 280K; D) 300K.[I1=H,;, ®=Hp,, w=water, A=OCH,, B=NCH,, ¥=ArCH,,
©=0CH;, S=solventO=CHz;CNoy; ® =CHsCNi, *=less symmetrical conformation.

S
=

o

J B

T T
ppm 8 7 6 5 4 3 2 -1

Figure S22: Transfer Saturation experiment (t= 2s, power Hdiation= 50dB) on the
'H NMR (500 MHz, acetone?, 240K) of [Cu'3(CHsCN)]B(C¢Fs)s: A) irradiation at

15ppm; B) irradiation at 2.13 ppm (resonance oECMNby). [1=Ha,, ®=Hpy, w=water,

A=OCH,, B=NCH,, ¥=ArCH,, ©®=0CH,, S=solventO=CH;CNq, ® =CH:CNj,, *=less

symmetrical conformation.
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Deconvolution analysis of théH NMR spectrum of [Cu'3(CHsCN)]B(CeFs)a.

A deconvolution analysis was completed for seleefgghatic signals of thtH NMR
spectrum recorded at 260 K (Figure S23). It yie¢tasfollowing molar proportions:

partial cone conformation: (47.3 £1.6) %,
flattened-cone conformation: (41.1+£1.1) %,
1,3-alternate conformation: (11.6 £1.7) %.

1800
1750
1700
1650

5‘.9 ‘ 5‘.7 ‘ 5‘.5 ‘ 5‘.3 ‘ 5‘.1 ‘ 4‘.9 ‘ 4‘.7 ‘ ;;‘n:jn ‘ 4‘.3 ‘ 4‘.1 ‘ 3‘.9 ‘ 3‘.7 ‘ 3‘.5 ‘ 3‘.3 ‘ 3‘.1
Figure S23: Deconvolution analysis of selectedH NMR signals of
[Cu'3(CH3CN)]|B(CeFs)s (260 K, 500 MHz, acetones). w=water,A=OCH,, ®=0OCHs.
The residuals are shown under the scales.

Flattened-cone conformation(Cz, symmetrical):

5.83 ppm, 6 H,s OCH linewidth = 9.2 Hz

3.58 ppm, 9 H, s OMe linewidth = 8.9 Hz
(Cs symmetrical):

5.72ppm,2H,s OCH linewidth = 11.7 Hz

5.49 ppm, 2 H, d (J=15.4 Hz) OGH linewidth = 15.4 Hz
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3.42ppm, 6 H,s OMe linewidth = 32.4 Hz

1,3-alternate conformation(Cs symmetrical):
5.41 ppm, 2 H, d (J=15.4 Hz) OGH linewidth = 15.5 Hz

Figure S24:*H NMR (500 MHz, acetone®) of [Cu'3(PhCN)]B(CsFs)s: A) 240K; B)
260K; C) 280K; D) 300K[1=Hy,, ®=Hpy, X =PhCNy;, A=OCH,, M=PhCN,, B=NCH,,
*:ArCHz, w=water®=0CH;, S=solvent, *=less symmetrical conformation.
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XRD structure of [3H", NO3]

Upon standing to air, out of their mother liqudre tcrystals are destroyed within a
minute and loose their diffraction properties. Thegre directly fished out from the
crystallisation medium using a Hampton® cryolood anmediately quenched on the
goniometer in a nitrogen stream at 100 K. The dali@ction consists of 120 frames of
4° exposure each. Two crystals randomly orientegkwieed independently. Diffraction
data were separately integrated using the XDS mprtleand merged with the CCP4 suite
of programs’ A single file of structure factors was produceddetermining and refining
the structuré.Data statistics are given in Table S1.

Table S1[3H", NOs] - Data statistics - Recordings

System: Monoclinic
Space group: R&
Parameters:
a= 15.502(1) A
b= 13.181(1) A
c= 40.203(1) A
b= 96.52(3) °
Z= 4
Resolution limits: (A) * 10-0.922 (1.1 - 0.922)
(highest shell in parentheses)
No of recorded reflections 51 365 (4 520)
No of independent reflections 8 227 (1897)
No of observed reflections 8173 (1153)
Criteria: 1> 4s(l)
Rsym (%) 4.65 (10.9)
Redondency 6.1 (3.5)
Completeness: 10-1.1A:98.7%
(1.1 —0.922: 42.4 %)

* The practical resolution is limited to 1.05 A digedetector geometry limitations (the
central circular zone). The maximum resolution 2 A corresponds to the detector
edges.

The structure was solved using the SHELXD prograte(drick, 2008* a correct
solution was found in the first 100 trials. Aftecchtion of the missing atoms by Fourier
recycling, the starting model comprised in additionhe calix[6] ligand, one nitrate as
counter ion, plus four acetone molecules - threth@m with partial occupancies - and
two water molecules hydrogen bonded to the nitrEte. acetone with occupancy equal
to unity is located within the calix[6] cone; ththers are distributed in the packing.

The refinements were conducted with the SHELXL paag first with isotropic then
anisotropic thermal factors. Hydrogens were catedlat their theoretical places with an
isotropic thermal factor riding on that of the beddatom. The acetone molecule hosted
in the calix cone was refined with an occupancydiaequal to unity but it was clear that

2 Kabsch, W Acta Cryst. 2010 D66, 125-132.
3 CCP4Acta Cryst. 1994,D50, 760-763.
4 Sheldrick, G. MActa Cryst. 2008,A64, 112-122.
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the three other sites distributed within the pagkiave lower occupancies. They were
refined independently (see Table S2). As to achieasonable geometries, restraints on
distances (bonds and angles) as well as planaairgstwere applied to all acetones. The
resulting coordinate data were deposited with tamkyidge Crystallographic Data
Centre 12, Union Road, CB2 1EZ Cambridge, UK. Taeyavailable upon request to
http://www.ccdc.cam.ac.uk/

Table S2 — Refinement of tfi@H", NOz] crystal structure

Formula Q6H54N10018+, NO3_, 27(Q’§H60)1
2 HO,

Mw 1509.46

No of non-H atoms refined 116

Refined occupancy factors of the 3 acetpfe480 — 0.621 — 0.589

molecules in the packing

No of refined parameters 1018

No of restraints used (dist. and planes) 102

No of structure factord=0) used 8227

No of observedro's (withFo > 4s{0) 8173

R factor (on obskFo) 0.077

R factor (all data) 0.078

Rw factor (on obsEo?) 0.194

Rw factor (allFo® data) 0.195

Min/max in last Fourier difference map -0.50 / ®aA®

Deposition code with the CCDC 985920
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Figure S25 Stereo view of the asymmetric unit content in @R¥like representation
(ellipsoids at the 50 % level of density probai)lit
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