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LIST OF ABBREVIATIONS

DSC differential scanning calorimetry
Nme N-(methoxyethyl)glycine

Npa N-(propargyl)glycine

TGA thermogravimetric analysis
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1. SYNTHESIS AND CRYSTALLIZATION

1.1 Crystal forms 1C and 1D

Compound 1 was synthesized as previously described.!

Form 1C. 3.5 mg of compound 1 were dissolved in 600 uL hot acetonitrile, then 400 puL water were
added. Form 1C crystallized by slow evaporation, obtaining transparent plate-like crystals suitable
for laboratory X-ray diffraction studies (Figure S1a).

Form 1D. 4.0 mg of compound 1 were dissolved in 600 pL hot acetonitrile, then 200 pL
methanol were added. Form 1D crystallized by slow evaporation, obtaining transparent

plate-like crystals suitable for laboratory X-ray diffraction studies (Figure S1b).
4 . ,

Figure S1. Crystals of (a) 1C and (b) 1D.

1.2. Crystal forms 1E and 1F

Form 1E. Crystals of form 1E were obtained from crystal form 1D by removing the crystals
from the mother liquor and exposing the crystals to ambient humidity (Figure S2).

Form 1F. A crystal of the guest-free form 1F was obtained from crystal form 1D by an in situ
variable temperature single crystal X-ray diffraction analysis. A fresh crystal of 1D was glued on a
glass fiber and analyzed at 100 K, 323 K, 368 K, 393 K and back to 100 K using a nitrogen gas hot

blower.
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Figure S2. (a) Crystals of form 1D (left); (b) the same crystals after 10 minutes exposure to air
transformed into crystal form 1E.
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2. SINGLE CRYSTAL X-RAY DIFFRACTION

A crystal of form 1C (0.45 x 0.27 x 0.051 mm) suitable for laboratory X-ray diffraction was
selected and mounted on a MiTeGen microloop™ with Paratone® N. Data collection was
performed at 296 K with a Rigaku AFC7S diffractometer equipped with a Mercury? CCD detector
using graphite monochromated MoK ¢ radiation (A = 0.71073 A). Data reduction was performed
with the crystallographic package CrystalClear.? Data were corrected for Lorentz, polarization and
absorption.

A crystal of form 1D (0.27 x 0.24 x 0.10 mm) suitable for laboratory X-ray diffraction was
selected and mounted on a MiTeGen microloop™ with Paratone® N. Data collection was
performed at 100 K with a Rigaku AFC7S diffractometer equipped with a Mercury? CCD detector
using graphite monochromated MoK ¢ radiation (A = 0.71073 A). Data reduction was performed
with the crystallographic package CrystalClear.? Data were corrected for Lorentz, polarization and
absorption.

A crystal of form 1E (0.39 x 0.33 x 0.08 mm) obtained by exposing a crystal of form 1D to
ambient humidity was mounted on a MiTeGen microloop™ with Paratone® N. Diffraction data
were collected at 100 K on a Bruker DUO Quasar diffractometer equipped with an APEX-11 CCD
area-detector and an Oxford Cryosystems Cryostream 700Plus cryostream for temperature control.
The radiation was produced from an Incoatec IuS microsource fitted with a multilayer
monochromator (MoKa, A = 0.71073 A). Data reduction was performed with the crystallographic
package APEX.3

A crystal of form 1F (0.35 x 0.35 x 0.15 mm) obtained as described above was measured at 100
K by means of an Oxford Diffraction Excalibur diffractometer using Mo Ka radiation (A = 0.71073
A). Data collection was performed with the program CrysAlis CCD.* Data reduction was carried
out with the program CrysAlis RED (CrysAlis RED, 2006).° Finally, absorption correction was
performed with the program ABSPACK in CrysAlis RED.®

The structures were solved by direct methods using the program SIR2014° and refined by means
of full matrix least-squares based on F? using the program SHELXL.’

OLEX28 and X-seed® were used as GUI. X-ray molecular structures (ORTEP) were drawn by
OLEX2.8 Crystal structures were drawn using Mercury (v3.8).1°

For all compounds, non-hydrogen atoms were refined anisotropically.

Hydrogen atoms were positioned geometrically and included in structure factors calculations but
not refined. In form 1D the methanol hydroxyl hydrogen atom was located in the Fourier difference

map but not refined. In form 1E the water hydrogen atom hydrogen bonded to the carbonyl atom
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02 was located in the Fourier map and used to define the initial orientation of the water molecule,
then the water molecule was refined as a rigid group. The occupancy of the water molecule was also
refined to a final value of 0.581(7).

Refinement details are summarized in Table S1 for crystal forms 1C, 1D, 1E and 1F. ORTEP
diagrams are reported in Figure S3.

(a) ORTEP diagram for crystal form 1C.
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(b) ORTEP diagram for crystal form 1D.
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(c) ORTEP diagram for crystal form 1E.
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(d) ORTEP diagram for crystal form 1F.

Figure S3. ORTEP diagrams for the cyclopeptoid rings in crystal forms (a) 1C, (b) 1D, (c) 1E, (d)
1F. Ellipsoids are drawn at 50% probability level. All rings lie about inversion centres and the

symmetry-operators between inversion-related atoms are: 1C (-, -y, 1-z), 1D (-x, 1-y, 1-z), 1E and

1F (1-x, 1-y, 1-2).
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3. STRUCTURAL ANALYSIS

3.1 Superimposition between peptoid backbones

(d) (e) (f)

Figure S4. Peptoid backbone overlay between crystal forms: a) 1C and 1D, rmsd 0.0622 A;
b) 1C and 1E, rmsd 0.0953 A; ¢) 1C and 1F, rmsd 0.0975 A; d) 1D and 1E, rmsd 0.0462 A;
e) 1D and 1F, rmsd 0.0443 A; f) 1E and 1F, rmsd 0.0205 A.
Form 1C: cyan; form 1D: magenta; form 1E: green; form 1F: red.
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3.2 Rectangular shape of the macrocycles

Figure S5. Rectangular shape of the peptoid backbone in crystal forms 1A, 1B (type Il molecule),
1C, 1D, 1E and 1F. Four cis amide bonds reside at each corner, trans amide bonds are located on
two opposite sides. The values of length and width (A) are reported.

3.3 Side chains orientation

1A 1B (type Il molecule) 1C

1D 1E 1F

Figure S6. Orientation of the side chains with respect to the macrocycle plane in crystal forms
1A, 1B (type Il molecule), 1C, 1D, 1E and 1F.
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4. PACKING ANALYSIS

4.1 Hirshfeld surface analysis

Hirshfeld surface analysis and related fingerprint plots have been performed with Crystal
Explorer 3.1.1

The Hirshfeld surface arises from the partitioning of the electron density of a crystal into
molecular fragments.2 It provides maximum proximity of neighbouring molecular volumes without
volumes overlapping.t®

di is the distance from the surface to the nearest atom interior to the surface. de is the distance
from the surface to the nearest atom exterior to the surface. dnorm is @ normalized distance, which
takes into account the relative atom sizes:'*

di _ rivdW de _ revdW
dnorm = —aw raw

T

where r'®" s the van der Waals (vdW) radius of the appropriate atom internal or external to the
surface.

Relative contributions to the Hirshfeld surface area of particular types of intermolecular contacts
are determined by summing the area corresponding to close contacts between specific types of
atoms.*

The lengths of X—H bonds are normalized using standard X-H distances from Allen et al.®
Thus, reported X-H distances and X-:--H contacts are not equal to those calculated from the original

cif files.
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Figure S7. Hirshfeld surfaces of cyclopeptoid molecules in crystal forms a) 1A, b) 1B type 11, c)
1C, d) 1D, e) 1E and f) 1F. C=0---H-C hydrogen bonds are depicted respectively as dotted lines.
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Motif |

Motif 11

Motif 111

Figure S8. Hirshfeld surface and assembly motifs in crystal form 1C (see also Table S1).
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Motif |

Motif 11

Figure S9. Hirshfeld surface and assembly motifs in crystal form 1D (see also Table S2).
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4.2 CLP-Pixel calculations

The lattice energy of all the crystal forms was calculated using the CLP-Pixel package.l® The
total lattice energy is partitioned into its coulombic, polarization, dispersion and repulsion
contributions (Tables S2-S3). In CLP-Pixel, the coulombic terms are handled by Coulomb's law,
while the polarization terms are calculated in the linear dipole approximation, with the incoming
electric field acting on local polarizabilities and generating a dipole with its associated dipole
separation energy; dispersion terms are simulated in London's inverse sixth power approximation,
involving ionization potentials and polarizabilities; repulsion is presented as a modulated function
of wavefunction overlap. Selected motifs in the crystal packing of both crystal forms 1C and 1D
were analyzed by means of their interaction energies (Tables S2-S3).

In both crystal forms the centre of gravity of the cyclopeptoid molecules is located on a
crystallographic inversion centre. Therefore, to consider a whole cyclopeptoid molecule in the CLP
calculations, the space group symmetry was lowered to P1 for crystal forms 1C and 1D. The
lengths of X—H bonds are normalized using standard X-H distances from Allen et al.® Thus, the
values given throughout the discussion in the main text and in this Supporting information refer to

the re-calculated structures.

Table S1. List of intermolecular distances (A), angles (°) and interaction energies (kJ/mol) in
crystal form 1C as calculated by CLP-PIXEL.

Motif D-H--A D--A H--A <D-H--A Symm. Centre of Ecoul Exol Edisp Erep Etot
dist. dist. angle Op. mass dist.
| C13-H13B---03 3.387(1) 231 179 X,-1+y,z 9.094(2) -60.3 -26.6 -70.8 63.7 | -93.9
x,1+y,z
I C8-H8A---03 3.596(1) 2.56 160 -1+x,y,2 8.814(3) -45.1 -15.9 -63.2 52.8 | -71.4
C15-H15--03 3.348(1) 2.56 129 1+x,y,2
1] C10-H10--02 3.174(1) 2.14 159 -l4x,y, 1+ 2 13.785(4) -39.5 -12.4 -22.5 34.8 | -39.6
1+x,y, -1+ z
v H15-C15--H2A-C2 3.476 2.76 71 -1+x, 14y, z 9.802(2) -14.3 -6.3 -39.7 22.0 | -38.3
1+x, 1-y, z

Table S2. List of intermolecular distances (A), angles (°) and interaction energies (kJ/mol) in
crystal form 1D as calculated by CLP-PIXEL.

Motif D-H--A D--A H--A <D-H--A Symm. Centre of Ecoul Epol Edisp Erep Etot
dist. dist. angle Op. mass dist.
| Cp-Cp C10-H10--01 3.107(1) 2.03 178 -1+x,y,2 8.501(1) -76.5 -31.4 -92.1 105.4 | -94.6
1+x,y,z
11 Cp-Cp C5-H5---03 3.233(1) 2.17 169 X-1+y, 1+ 2z 11.901(2) -43.0 -13.2 -26.7 343 | -48.7
X, 1+y, -1+ z
11l Cp-MeOH 01S-H1S---02 2.789(1) 1.793 173 XY,z 6.530(1) -55.5 -22.0 -24.5 64.6 | -37.5
IV Cp-MeOH C7-H7B---01S 3.163(1) 2.188 149 1+x,1-y, z 6.092(1) -20.3 -9.2 -24.8 313 -| -22.9
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5. GAS-PHASE OPTIMIZATIONS AND ENERGIES

Molecular energies were determined by gas-phase geometry optimizations carried out with density
functional theory including dispersion corrections (DFT-d) at the B97-D3/ccpVTZ level of theory
using the Gaussian09 package.!’” The functional B97-D3 includes van der Waals corrections as

derived by Grimme and co-workers.8

6. THERMAL ANALYSES

6.1 DSC

DSC measurements were performed on a TA DSC-Q20 instrument.

Single crystals of forms 1C (up to 1.6000 mg) and 1D (up to 1.1000 mg) were removed from the
mother liquor, quickly dried on filter paper to remove surface solvent and placed in DSC aluminium
pinhole pans and heated at a rate of 2 °C/min under a purified N2 flow (50 mL/min) from 20 °C to
300 °C.

DSC analysis on single crystals of form 1C shows the stability of the sample up to 190 °C, then
it decomposes (Figure S10).
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Figure S10. DSC analysis on crystals of form 1C.
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DSC analysis on single crystals of form 1D shows the release of methanol molecules between 30
°C and 90 °C, followed by a complex behavior determined by a couple of two closely occurring
endothermic and esothermic events, starting respectively at 184 °C and 215 °C, with an overall
enthalpy change of ca. 7.7 and 5.4 J g}, respectively (4.7 and 3.3 kJ mol™?). Finally decomposition
occurs (T > 230 °C) (Figure S11).
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Figure S11. DSC analysis on crystals of form 1D. Methanol molecules are released in the
temperature range from 30 °C to 90 °C.
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6.2 TGA

TGA measurements were performed on a TA Q500 TGA instrumen. Several single crystals of
1D (1.1139 mg) were removed from the mother liquor, quickly dried on filter paper to remove
surface solvent and placed in a TGA crucible. Measurements were performed under a purified N2
flow (50 mL/min) by heating at 2.0 °C/min from 30 °C to 300 °C.

TGA on single crystals of form 1D confirms that methanol molecules are released in the
temperature range from 30 °C to 90 °C (Figure S12). The percentage weight loss is 8.2% and
corresponds to a methanol content of 1.7 molecules per cyclopeptoid molecule, which agrees with
the calculated methanol content according to the X-ray crystal structure (2 methanol molecules per

cyclopeptoid molecule).
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Figure S12. TGA on crystals of form 1D. Methanol molecules are released in the temperature range
from 30 °C to 90 °C.
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7. VARIABLE TEMPERATURE X-RAY DIFFRACTION

A crystal of form 1D (0.35 x 0.35 x 0.15 mm) suitable for laboratory X-ray diffraction was glued
on a glass fiber to perform an in situ variable temperature experiment. Initially a cell parameter
determination was performed at 100 K to confirm that the starting crystal form is 1D. Then the
temperature was raised to 323 K at a rate of 300 K/h and after allowing 20 minutes equilibration
time a complete data collection was performed at 323 K. Then, the temperature was raised to 368 K
(@ 120 K/h) and after 20 minutes equilibration time a complete data collection was performed at
368 K. Then, the temperature was raised to 393 K (@ 120 K/h) and after 20 minutes equilibration
time a unit cell determination was performed. Then the temperature was lowered back to 100 K to
allow a full structural determination (@ 120 K/h).

The experiment was performed with MoKe radiation (A = 0.71073 A) using an Oxford
Diffraction Excalibur diffractometer equipped with an Oxford 700 Cryostream. Data collection was
performed by means of the program CrysAlis CCD.* Data reduction was carried out with the
program CrysAlis RED (CrysAlis RED, 2006).° Finally, absorption correction was performed with
the program ABSPACK in CrysAlis RED.®

The structures were solved by direct methods using the program SIR2014° and refined by means
of full matrix least-squares based on F? using the program SHELXL.’

X-seed® was used as GUI. Non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were positioned geometrically and included in structure factors calculations but not refined.

Refinement details are summarized in Table S4.
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Table S4. Crystallographic data for variable temperature XRD experiments at 100 K, 323 K, 368 K,
393 K and back again t0100 K.

1D 1F 1F 1F 1F

T 100 K 323K 368 K 393K 100 K
Formula C30H3sN6Os C30H3sN6Os C30H3sN6Os C30H3sN6Os C30H3sN6Os

-Xx CH3OH
Formula weight | 667.06 610.66 610.66 610.66 610.66
System Triclinic Triclinic Triclinic Triclinic Triclinic
Space group P-1 P-1 P-1 P-1 P-1
a(A) 8.5007(14) 8.6467(13) 8.6666(9) 8.708(18) 8.5875(8)
b (A) 10.3965(11) 10.5283(17) | 10.5569(10) 10.58 (2) 10.3508(8)
c(A) 10.9102(17) 10.6888(18) | 10.6926(11) 10.64(2) 10.6762(8)
a(°) 67.863(11) 67.381(16) 67.216(9) 67.17(19) 67.884(7)
L) 84.552(15) 87.249(14) 87.313(8) 87.30(17) 86.630(7)
7 (°) 71.048(13) 67.995(15) 67.911(9) 67.72 (19) 68.351(8)
V(R 844.3(2) 827.5(3) 830.15(16) 830(3) 813.60(13)
4 1 1 1 1 1
Dx (g cm®) 1.312 1.225 1.221 1.246
4 (mml) 0.098 0.090 0.090 0.092
Fooo 356.0 324.0 324.0 324.0
R (1> 20) 0.0552(1305) | 0.0741 (1256) 0.0492 (2051)
wR2 0.1172(2180) | 0.1689(2859) 0.1099 (3081)
N. of param. 199 199 199
GooF 1.023 0.979 1.020
Prin, pmax (€A3) -0.15, 0.12 -0.17,0.17 -0.21, 0.23
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8. REVERSIBILITY TESTS

Form 1C. The stability of form 1C has also been tested by an in situ water vapour
exposure SCXRD experiment: a single crystal was inserted into a sealed capillary containing
water and analyzed at 296 K by X-ray diffraction. Structure determination still showed the pure
form 1C, even after one week of exposure to water vapours.

Form 1E. A crystal of form 1E was inserted into a sealed capillary containing methanol and
analyzed at 296 K by X-ray diffraction. The structure determination revealed the presence of
methanol, thus form 1E transforms back to form 1D, demonstrating that the transition from crystal

form 1D to form 1E is reversible.
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