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1. Detailed experimental section

1.1 Materials and crystals. All reagents and solvents were of analytical grade and used as

received.

N,N’-(1,4-phenylene)dioxalamic acid double-hydrate | (H2pOx-2W, W = water, hydromorph H-
1). A suspension of N,N’-(1,4-phenylene)dioxalamic acid diethylester (2.00 g, 6.487 mmol) and
NaOH (0.572 g, 14.30 mmol) in 35 mL of methyl alcohol was refluxed for 4 h. The solid was
filtered, suspended in 100 mL of distilled water and acidified with concentrated HCI until pH =
1.0. The precipitated pale beige solid was filtered, washed with distilled water and dried at RT to
yield 1.48 g of H-I (5.14 mmol, 90%).

N,N’-(1,4-phenylene)dioxalamic acid double-hydrate 11 (H-I1). A suspension of 100 mg of H-I
and 20 mL of distilled water were boiled at 92 °C under stirring until complete dissolution, if
necessary 1-2 mL of extra water are added. The resulting solution was left to cool to room
temperature and after 20 min a pale pearl beige microcrystalline solid appeared; it was filtered and
dried at RT for 24 h.

N,N’-(1,4-phenylene)dioxalamic acid anhydrate | (A-1). Obtained by dehydration of 500 mg of
H-I in an air driven oven at 150 °C for 3 h.

N,N’-(1,4-phenylene)dioxalamic acid anhydrate Il (A-11). Obtained as described for A-I, starting
from H-I1.

N,N’-(1,4-phenylene)dioxalamic acid anhydrate 111 (A-111). Obtained by desolvation of 200 mg
of H2pOx-2DMSO prepared by grinding procedure or large crystals of HopOx-2DMF, in an air
driven oven at 160 °C for 24 h.

N,N’-(1,4-phenylene)dioxalamic acid di-(dimethyl sulfoxide) (H.pOx-2DMSO). 200 mg (0.694
mmol) of H-1 and 700 ul (6.94 mmol) of DMSO were grinded with a pestle in a mortar for 30 min,
the resulting sticky paste was left to evaporate at RT for 24 h, then washed with two portions of
diethyl ether (5 mL each) and dried at RT until a dry microcrystalline solid appeared (0.280 g).
Single crystals of HopOx-2DMSO were grown boiling 200 mg of H-1 in 4.0 mL of DMSO, after
24 h of cooling to RT, crystals of HopOx-2DMSO appeared.

N,N'-(1,4-phenylene)dioxalamic acid di-(dimethyl formamide) (H.pOx-2DMF). 600 mg (2.082

mmol) of H-1 and 1.5 mL of DMF were grinded with a pestle in a mortar to obtain a dry solid



phase. Single crystals of HopOx-2DMF were grown from 530 mg (1.839 mmol) of H-1in 10.0 mL
of DMF at RT. After 12 days 330 mg (0.828 mmol) of amber crystals were cropped by filtration.
Further crops yielded 126 mg of dimethyl ammonium salt (HDMA)2pOx.

Tri-(N,N’-(1,4-phenylene)dioxalamic acid) di-(methyl alcohol) tetrahydrate
(3H2pOx-2MeOH-4W). 200 mg (0.694 mmol) of H-1 and 80.0 mL of methyl alcohol were boiled
until complete dissolution. The mixture was cooled to RT and 80.0 mL of distilled water were

added, single crystals appeared after one week (100 mg).

N,N’-(1,4-phenylene)dioxalamate di-(dimethyl ammonium) ((HDMA)2pOx). 2.00 g (6.95 mmol)
of H-1, 20 mL of DMF and 5.0 mL of distilled water were refluxed during 1.0 h, after filtration
1.366 g (4.00 mmol) of crystalline pink solid were obtained. Single crystals of (HDMA)2pOx were

grown from saturated aqueous solution at RT.

1.2 Instrumental. IR spectra were recorded neat at 25 °C using a Perkin EImer Spectrum GX series
with FT system spectrophotometer using the ATR device. *C CPMAS spectra were recorded on
a Bruker Avance DPX-400 (101 MHz). The following conditions were applied: spectral width
30.242 kHz, acquisition time 33.8 ms, contact time 2000 ms, rotation rate 8 kHz, relaxation delay
5 s, and up to 256 scans for each spectrum were collected. Room temperature X-ray powder
diffraction data were collected on a PAN Analytical X'Pert PRO diffractometer with Cu Kal
radiation (A = 1.5405 A, 45 kV, 40 mA) or on a D8 Focus Bruker AXS instrument using Cu Kal
radiation (A = 1.542 A, 35 kV, 25 mA). DSC and TG measurements were performed in a Q2000
equipment and a Thermobalance Q5000 IR, respectively, of TA instruments. In both cases,
approximately 3.0-5.0 mg of sample was used and a gradient of 5.00 °C/min from room

temperature to 350 °C under air flux of 50 mL/min in an open (TG) or pin-holed panels (DSC).

1.3 X-Ray structure determination. Crystal data, collection, and refinement parameters are listed
in Table 1. Single crystal X-ray diffractions data were collected on an Agilent SuperNova (dual
source) diffractometer equipped with graphite-monochromatic Cu (A = 1.54184 A)Mo (A =
0.71073 A) Ka radiation. The data collection was accomplished using CrysAlisPro software! at
293 K under the Cu (H2pOx-2DMSO)/Mo (H2pOx-2DMF, 3H2pOx-2MeOH-4W, (HDMA)2pOx)
Ka radiation. The cell refinement and data reduction were carried out with the CrysAlisPro
software!. The models were refined and the structures solved (direct methods) using the SHELXL-

2018/3 program? of the WINGX package®. The H atoms on C, N, and O were geometrically



positioned and treated as riding atoms with: C—H 0.93—0.96 A, Uiso(H) = 1.2 eq(C) for aromatic
carbon atoms or 1.5 eq(C) for methyl carbon atoms; O—H = 0.82 A, Uiso(H) = 1.5 eq(O); N-H =
0.86 A, Uiso(H) = 1.2 eq(N) for 3H2pOx-2MeOH-4W. The H atoms on C were treated as already
described but H atoms on O and N were found by Fourier differences and freely refined for
H2pOx-2DMSO, H200x-2DMF and (HDMA),pOx. Platon* and Mercury® were used to prepare
the material for publication. Hydrogen bonding motifs were described following standard
notation®. The CIF codes deposited at the CCDC are H2pOx-2DMSO (1874282), H2pOx-2DMF
(1997487), 3H2pOx-2MeOH-4W (1997485) and (HDMA)2pOx (1997486).

1.4 Hirshfeld surface (HS)'8, two-dimensional fingerprint plots® and energy-framework
diagrams®. These calculations and energy-framework diagrams were performed in the software
CrystalExplorer17.5*. The HS was mapped over dnorm, and the function of normalized contact
distance, de and d; was utilized, where de and d; are the distance from a given point to the nearest
atom outside and inside on the surface, respectively*2. The colors of the dnorm —mapped HS
represent the interatomic contacts as the distances longer tan de sum of van der Waals radii (white
to blue) or distances shorter than the sum of the van der Waals radii (red). The energy-framework
diagrams are represented by cylinders that join the centroids of multiple molecular pairs. The
radius of the cylinder is proportional to the magnitude of the interaction energy. The energy
components like electrostatic potential forces, Eelect (red), dispersion forces, Edisp (green), and total
energy, Etwtal (blue), were obtained with the calculation of the wave function of each solvate linking
the CrystalExplorer17.5 software with the Gaussian 09 software® using the B3LYP/6-31G (d,p)
level of theory and then were adjusted to the same scale factor of 80 with a cut-off value of 9.7 kJ
mol™ within a 3.8 A radius about a central molecule. Scale factors' Keie = 1.057, Kpol = 0.740, Kais
= 0.871, krep = 0.618 were used for E calculation. The % contribution of individual component
to the stabilization energy was calculated through (Ecomp/(Estab)*100, where Estab = Eele + Epol +

Edisp™*.

1.5. Lattice energy. The lattice energy calculation was performed in the CLP-PIXEL software
(Gavezzotti, 2003, 2005)*>1¢, Each CIF file for the co-crystals was converted into OIH and OEH
files using the Retcif module for the renormalization of the H atoms in the structure, the Retcor
module was used for checking subgroups in the space group, the Retcha module assigned atomic
point charges in the structure and finally the Clpcry module calculate the contributions of energy

that provide the total lattice energy per fragment in the co-crystal. All modules used for the



calculation were available for the atom-atom approach (AA-CLP) software (Gavezzotti, 2013)*7,
in which the evaluation of the total lattice energy only require cell dimensions and atomic nuclear

coordinates.



2. Crystal data, collection and refinement

Table S1. Crystal data, collection and refinement parameters of HopOx-2S (S = DMSO, DMF, /5(MeOH-2W)) and (HDMA)>pOx salt.

H2pOx-2DMSO H2pOx-2DMF 3H2pOx-2MeOH-4W (HDMA)2pOx

Chemical
formula

M

Crystal system
Space group
a, b, c(A)

a, B, v (°)

V (A3

Z

Dcalc (g/cm?)

Crystal size
(mm)

No. of meas,
indep, obs [I >
26(1)]
reflections

Rint

R[F2 > 26(F?)],
WR(F2), S

C10HsN206-2(C2H6SO)

408.44
Monoclinic
P2i/c

7.6501(2),
10.4802(3)

90.0, 98.090(3), 90.0
941.50 (5)

2

1.441
0.40x0.33x0.30

11.8612(4),

9168, 1881, 1584

0.031
0.041, 0.115, 1.05

C10HsN206-2(C3H7NO)

398.38
Monoclinic
P2i/c

7.0616(4),
10.6639(4)

90.0, 94.752(4), 90.0
972.59 (8)

2

1.360
0.20x0.22x0.40

12.9600(6),

43245, 2686, 2022

0.043
0.043, 0.108, 1.036

3(C10H8N2056)-2(CH40)-4(H20)

892.70
Triclinic
P-1

9.5470(8),
11.4084(11)

70.436(9), 66.208(9), 86.296(7)

963.26 (18)

1

1.534
0.20x0.25x0.30

29987, 5069, 2474

0.076
0.065, 0.157, 0.996

10.2921(9),

C10HeN206-2(C2HgN)

342.36
Monoclinic
P21/n

5.9712(3),
20.4618(9)

90.0, 98.336(4), 90.0
846.72 (7)

2

1.343
0.35x0.45x0.55

7.0040(3),

29486, 2340, 2016

0.026
0.037, 0.096, 1.054




3. PXRD
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Figure S1. PXRD patterns of anhydrates A-I (a) and A-Il and (b), former (g) and (h) in Figure 2

of the main text.

4. Molecular and supramolecular structures

Figure S2. The molecular structure of HopOx-2DMSO cocrystal, showing the atom labelling

scheme. Displacement ellipsoids are drawn at the 50% probability level.
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Figure S3. The molecular structure of H,pOx-2DMF cocrystal solvate, showing the atom labelling
scheme. Displacement ellipsoids are drawn at the 50% probability level.
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Figure S4. The supramolecular structure of HopOx-2DMF cocrystal solvate.



Figure S5. The molecular structure of 3H>pOx-2MeOH-4W cocrystal solvate, showing the atom
labelling scheme. Displacement ellipsoids are drawn at the 50% probability level.
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Figure S6. Supramolecular architecture of 3H,POx-2MeOH-4W. (a) Hydrogen bonded aqueous

monolayer in the (0 0 1) family of planes; a detail of the hydrogen bonding pattern between two

antiparallel aqueous layers is shown in the insert. (b) Hydrogen bonding scheme of the methanol

monolayer in the (0 0 -1) family of planes. See Table 6 for geometric parameters and symmetry

codes.
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Figure S7. The molecular structure of (HDMA).pOx salt, showing the atom labelling scheme.
Displacement ellipsoids are drawn at the 50% probability level.

Table S2. Selected geometric parameters of HopOx-2DMSO.

Cl—C2
Ccl1—C3
C1—N7
c2—cC3
c3—c2
C8—08

C8—N7

C2—C1—C3
C2—C1—N7
C3—C1—N7

1.387 (3)
1.392 (3)
1.418 (2)
1.381 (3)
1.381 (3)
1.212 (2)

1.342 (2)

119.05 (17)
117.68 (16)
123.27 (16)

C8—C9
C9—09
C9—010
C10—-S1
Cl1—-S1
01—-S1

09—C9—010
09—C9—C8
010—C9—C8

1.543 (3)
1.193 (2)
1.298 (2)
1.776 (3)
1.782 (3)
1.5172 (18)

126.11 (19)
121.70 (17)
112.19 (17)
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c3—c2—cC1
c2—C3—cC1
08—C8—N7
08—C8—C9

N7—C8—C9

C3—C1—C2—C3
N7—C1—C2—C3!
C2—C1—C3—C2'
N7—C1—C3—C2
08—C8—C9—09
N7—C8—C9—09

121.31 (18)
119.64 (17)
126.56 (17)
121.87 (16)

111.57 (16)

0.4 (4)
~179.43 (19)
~0.4 (3)
179.42 (19)
176.9 (2)
-3.8(3)

C8—N7—C1
01—S1—C10
01—S1—C11
C10—S1—C11

08—C8—C9—010
N7—C8—C9—010
08—C8—N7—C1
C9—C8—N7—C1
C2—C1—N7—C8
C3—C1—N7—C8

127.15 (16)
106.17 (12)
104.06 (11)
98.70 (13)

—2.7(3)
176.61 (18)
4.0 (3)
~175.27 (18)
168.12 (19)
~11.73)

Symmetry code: (i) —X, —y+1, —z+1.

Table S3. Hydrogen bonding and n—n* geometric parameters of HopOx-2DMSO.

D—H---A D—H H---A/A D---A/A D—H.--A/°
N7—H7---09 0.77(2)  2.29(2) 2.677(2) 113(2)
N7—H7---08' 0.77(2)  2.42(2) 3.102 (2) 150(2)
C2—H?2---08' 0.93 2.47 3.234(2) 139
C3—H3---08 0.93 2.28 2.875(2) 121
C3—H3---09" 0.93 2.49 3.332(2) 150
C10—H10A.--01" 0.96 2.51 3.442 (3) 164
C10—H10B---08 0.96 2.46 3.373(3) 159
C10—H10C---09'" 0.96 2.58 3.353 (3) 137
010—H10---O1" 0.87(3)  1.71(3) 2.561 (2) 165(3)
010—H10.--S1' 0.87(3)  2.75(3) 3.5928(17) 163(3)
C11—H11B--- Cg"V 0.96 2.87 3.648(3) 139
X—0---C O---C X—0---C
S1—01---C9 3.381(2) 123.6(1)
01—S1---C8V 3.693(2) 100.2(1)

11



Symmetry codes: (i) x, —y+1/2, z+1/2; (ii) X, —y+1/2, z—1/2; (iii) —x+1, =y, —z+1; (iv) 14X, Y, z;

(V) 1-x,1-y,1-z

Table S4. Selected geometric parameters of HopOx-2DMF.

08—C8
09—C9
010—C9
N7—C8
N7—C1
C1—C3

Cl—C2

C8—N7—C1
C3—Cl1—C2
C3—C1—N7
C2—C1—N7
c3—c2—cC1
c2—C3—cC1
08—C8—N7

08—C8—C9

C8—N7—C1—C3
C8—N7—C1—C2
C3—C1—C2—C3!
N7—C1—C2—C3!
C2—C1—C3—C2'
N7—C1—C3—C2!
C1—N7—C8—08

1.2146 (14)
1.2004 (15)
1.2961 (14)
1.3435 (14)
1.4140 (15)
1.3882 (15)

1.3890 (16)

128.65 (10)
119.37 (11)
123.28 (10)
117.36 (10)
120.96 (11)
119.67 (10)
127.07 (11)

122.21 (10)

2.84 (19)
~177.25 (12)
0.6 (2)
179.48 (12)
0.6 (2)
~179.49 (12)
0.4 (2)

C2—C3
C8—C9
011—C11
N12—C11
N12—C14
N12—C13

N7—C8—C9
09—C9—010
09—C9—C8
010—C9—C8
C11—N12—C14
C11—N12—C13
C14—N12—C13

C1—N7—C8—C9
08—C8—C9—09
N7—C8—C9—09
08—C8—C9—010
N7—C8—C9—010
Cl14—N12—C11—011
C13—N12—C11—011

1.3791 (17)
1.5350 (17)
1.2299 (19)
1.317 (2)
1.444 (3)
1.446 (2)

110.70 (9)

125.81 (12)
120.44 (11)
113.73 (10)
122.19 (16)
120.77 (18)
117.03 (17)

~178.04 (11)
~173.69 (14)
4.86 (19)
4.71 (19)
~176.74 (11)
0.7 (3)
~179.95 (18)

Symmetry code: (i) —X, —y+1, —z.

Table S5. Hydrogen bonding and n—=n* geometric parameters of H,pOx-2DMF.

D—H---A D—H H---AJA D---AJA D—H---A/°
N7—H7---09 0.825(16) 2.199(15)  2.6295(14) 112.7(13)
N7—H7---08' 0.825(16) 2.423(16)  3.2132(13) 160.8(14)
010—H10---011" 0.94(2)  1.64(2) 2.5791(14) 174(2)

12



C11—H11---09' 0.93 2.33 3.0509 (18) 134
C3—H3---08 0.93 2.31 2.9181(15) 122
C2—H2-.-08'" 0.93 2.50 3.3363 (15) 150
C3—H3.--09 0.93 2.49 3.3044 (16) 147
cC—0.--C 0O.--C cC—0.--C
C11—O011---C8" 3.162(2) 108.5(2)
C9—O010---C11 3.316(2) 86.61(2)

Symmetry codes: (i) 1-x, =y, 1-z; (ii) x, Y2y, Ya+z; (iii) X, Y2y, —Y%+z; (iv) 1+X, Y, Z;

Table S6. Selected geometric parameters of 3H2pOx-2MeOH-4W.

08—C8
09—C9
010—C9
018—C18
020—C19
019—C19
N7—C8
N7—C1
N17—C18
N17—C4
Cl—C2
Cl1—C6
C2—C3
C3—C4
C8—N7—C1
C18—N17—C4
C2—C1—C6
C2—C1—N7
C6—C1—N7
C3—C2—C1
C5—C4—C3
C5—C4—N17
C3—C4—N17
C6—C5—C4

1.230 (3)
1.208 (3)
1.287 (3)
1.221 (3)
1.302 (3)
1.194 (3)
1.331 (3)
1.422 (3)
1.328 (3)
1.426 (3)
1.384 (3)
1.388 (3)
1.382 (3)
1.387 (3)
127.14 (19)
127.65 (19)
119.6 (2)
117.52 (19)
122.8 (2)
1205 (2)
119.6 (2)
117.7 (2)
122.7 (2)
120.8 (2)

C4—C5
C8—C9
C18—C19
028—C28
029—C29
030—C29
N27—C28
N27—C21
C21—C22
C21—C23
C22—C23
C28—C29
03—C31

018—C18—N17
018—C18—C19
N17—C18—C19
019—C19—020
019—C19—C18
020—C19—C18
C28—N27—C21
C22—C21—C23
C22—C21—N27
C23—C21—N27

1.381 (3)
1542 (3)
1.540 (3)
1.219 (3)
1.201 (3)
1.300 (3)
1332 (3)
1.425 (3)
1.385 (3)
1.388 (3)
1.383 (3)
1.540 (3)
1.422 (4)

127.0 (2)
1205 (2)
1125 (2)
126.1 (2)
122.8 (2)
111.1 (2)
127.35 (19)
119.2 (2)
117.7 (2)
123.1 (2)




08—C8—N7 126.2 (2) c23—C22—C21 120.9 (2)
08—C8—C9 120.8 (2) c22—C23—C21 119.8 (2)
N7—C8—C9 112.93 (19) 028—C28—N27 126.5 (2)
09—C9—010 127.1 (2) H31A—C31—H31C 109.5
09—C9—C8 1215 (2) H31B—C31—H31C 109.5
010—C9—C8 111.45 (19)

C8—N7—C1—C2 160.6 (2) C4—N17—C18—018 4.0 (5)
C8—N7—C1—C6 —21.2 (4) C4—N17—C18—C19  —174.3(2)
C6—C1—C2—C3 3.1 (4) 018—C18—C19—019  177.9 (3)
N7—C1—C2—C3 ~178.7 (2) N17—C18—C19—019  -3.7(4)
C1—C2—C3—C4 0.5 (4) 018—C18—C19—020  —4.1 (4)
C2—C3—C4—C5 -3.1(4) N17—C18—C19—020  174.2 (2)
C2—C3—C4—N17 176.8 (2) C28—N27—C21—C22  173.3(2)
C18—N17—C4—C5 ~176.3 (2) C28—N27—C21—C23 8.2 (4)
C18—N17—C4—C3 3.8 (4) C23—C21—C22—C23 0.5 (4)
C4—C5—C6—C1 1.5 (4) N27—C21—C22—C23  178.0 (2)
C2—C1—C6—C5 —4.0 (4) C22—C21—C23—C22' 0.5 (4)
N7—C1—C6—C5 177.8 (2) N27—C21—C23—C22  —177.9(2)
C1—N7—C8—O08 32 (4) C21—N27—C28—028  —5.6 (4)
C1—N7—C8—C9 178.0 (2) C21—N27—C28—C29  175.0 (2)
08—C8—C9—09 ~165.2 (2) 028—C28—C29—029  —173.9 (3)
N7—C8—C9—09 13.7 (4) N27—C28—C29—029 5.4 (4)
08—C8—C9—010 14.1 (3) 028—C28—C29—030 7.3 (4)
N7—C8—C9—010 ~167.0 (2) N27—C28—C29—030  -173.3 (2)

Table S7. Hydrogen bonding and n—n* geometric parameters of 3H2pOx-2MeOH-4W.

D—H---A D—H H---A/A D---A/A D—H---A/°
N27—H27---029 0.86 2.30 2.706(2) 109
N7—H7---019" 0.86 2.22 3.018(2) 154
N17—H17---0O9"" 0.86 2.25 3.068(2) 159
N27—H27---029™ 0.86 2.29 3.102(3) 158
C3—H3---018 0.93 2.26 2.872(3) 123
C6—H6---08 0.93 2.38 2.908(3) 116
O1—H1A.---018' 0.92 1.89 2.808(2) 176




O1—H1B.--02" 0.79 2.20 2.975(3) 166
02—H2A.--08'" 0.94 1.99 2.913(3) 167
02—H2B---08" 0.81 1.99 2.791(2) 171
010—H10---01v 0.87 1.70 2.561(2) 168
020—H20---02" 0.82 1.86 2.629(2) 155
C23—H23---028 0.93 2.29 2.877(3) 121
03—H3A...028"11 0.82 1.99 2.772(2) 159
030—H30---03Y 0.82 1.76 2.571(2) 168
C2—H2---019" 0.93 2.44 3.241(3) 145
C5—H5.--09v! 0.93 2.53 3.304(3) 141
C22—H22---029™ 0.93 2.52 3.292 (3) 141
cC—0.--C O---C cC—0.--C
C9—09---C18" 3.194(2) 87.2(2)
C18—018---C9' 3.168(2) 88.2(2)

Symmetry codes: (i) X, Y, z, (ii) 1-x, 1=y, —z; (i) 1-x, 2=y, —z; (iv) 1+x, 1+y, z; (v) 1+X, Y, z;
(vi) x, —l+y, z; (vil) —1+X, Y, z; (viii) 1-x, 1=y, 1-z; (ix) 2—X, =Y, 1-Z

Table S8. Selected geometric parameters of (HDMA)2pOx.

Cl1—C6
Cl—C2
C1—N7
Cc2—C6'
C8—08
C8—N7
C6—C1—C2
C6—C1—N7
C2—C1—N7
C1—C2—C6'
C1—C6—C2
08—C8—N7
08—C8—C9

1.3783 (15)
1.3804 (14)
1.4267 (12)
1.3869 (14)
1.2199 (12)
1.3346 (12)
120.24 (9)
120.31 (9)
119.44 (9)
119.90 (10)
119.86 (10)
124.81 (9)
121.13 (8)

C8—C9
C9—09
C9—010
Cl11—N1
Cl2—N1

N7—C8—C9
09—C9—010
09—C9—C8
010—C9—C8
Cl12—N1—C11
C8—N7—C1

1.5479 (13)
1.2274 (12)
1.2480 (12)
1.4701 (15)
1.4676 (15)

114.05 (8)
127.36 (9)
118.35 (8)
114.29 (8)
113.10 (10)
123.48 (8)
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C6—C1—C2—C6' —0.46 (17) 08—C8—C9—010 —1.07 (16)
N7—C1—C2—C6¢' 178.01 (9) N7—C8—C9—010 178.08 (10)
C2—C1—C6—C2 0.46 (17) 08—C8—N7—C1 -1.33 (17)
N7—C1—C6—C2' —178.00 (9) C9—C8—N7—C1 179.56 (9)
08—C8—C9—09 179.66 (11) C6—C1—N7—C8 —68.37 (14)
N7—C8—C9—09 —1.19 (15) C2—C1—N7—C8 113.16 (12)
Symmetry code: (i) —x+2, —y+1, —z+1.
Table S9. Hydrogen bonding geometric parameters of (HDMA)2pOx.
D—H---A D—H H---A/A D---A/A D—H---A/°
N7—H7---09' 0.858(15) 2.302(14)  2.6784(13) 106.8(12)
N1—H1AB---010'" 0.950(13) 1.767(13) 2.7158(13) 176.3(12)
N1—H1A.--08'" 0.889(14) 2.311(14)  2.9951(12) 133.7(11)
N1—H1A.--010" 0.889(14) 2.005(14)  2.8062(12) 149.2(12)
N7—H7-.-09" 0.859(16) 2.061(16)  2.8460(12) 151.8(14)
C11—H11A.--08! 0.96 2.58 3.4290(15) 148
C11—H11B---Cg¥ 0.96 2.84 3.6071(13) 138

Symmetry codes: (i) x, y, z; (ii) x, -1+y, z; (iii) ¥2-X, -1/2+y, ¥%2-z; (iv) 1-X, 2 - y, 1-z; (V) 1-X, Y, Z.

16



5. Theoretical calculations.
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Figure S8. 2D finger print plots of H,pOx-2DMSO.
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Figure S10. 2D finger print plots of the aqueous bilayer (H2pOx-2W)2 of 3H2pOx-2MeOH-4W.
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N | Symap [ Electran Density | E_ele | E_pol |E_ds |E_rep |E_tot
2]- 6.25 | BALYPE-31G{d,0) | 1190 | 4.6 | 169 | 177 | -27.3
4| iz, 2412 | 7.91 |BALYPE-31G{d,0) | 255 | 6.2 (185 | 205 | -29.4
2]- 632 |B3LYPE-31G{d,p) | 03| 08| 109 41| 78
2]- Sl |BivpE-31Gde | 09 06| 82| 34| 64
2]- 4.40 | B3LYPE-31G{d,E) | 87| 17| 207 135 200
2% v,z 1411 [B3YP6-31G, | 15| 04| 32| 02| 14
2|- 9.07 | BaLYPE-31G{d,0) | 922 | 211 | -10.8 | 1005 | 802
2|- 1045 [BSLYP/6-31GA,P) | 24| 11| 42| E&| O
- 6.3z |BILYP/E-3IGIE) | 0.3 08| -108| 41| 7.8
- S.61 | BILYP/E-3IGIE) | 0.9 06| -B2| F4| A4
- 9.07 | BALYPIE-31GId,0) | 922 | 2.1 | 108 | 100 | 802
0% yif2, 2+1/2 | 659 |BALYPIE-3IGHEE) | L1 05| 49| 31| -39
of- 6.25 | BILYP/E-31GI,E) | -19.0 | 46| 168 | 177|273
0% -yif2, 24102 | 5.28 |BALYPIE-3IGEE) | 1154 | 47| 76| 104 -20.0
of- 440 |BLYP/E-3IGI,E) | 8.7 -L7| 207 | 135 -200
of- 1045 [BLYP6-31GIAR) | 20| 11| 42| 36| 1

Symap R Electron Density | E_gle [E_pal |E_dis |E_rep |E_tot
- 6.25 | BILYPIE-31G(d,R) | -19.0 | 46 | -16.9| 17.7| 273
=, y+ljz, 2+ljz | 7.91 | BALYPIE-3IG(d, | 255 | 62| -185| 295 204
- 6.32 | B3LYPj6-31G(d,p) | 0.3 | 08| -10.8 | 41| 78
- 561 |B3LYPje-3LGd,p) | 0.9 | 06| B2 | 34| -6
- 4.40 | B3LYPI6-3LG(,P) | 8.7 | -17 | -20.7 [ 135 | -20.0
%Y 2 1411 [ELPle-3IGE | LS| 04| -32| 02| 14
- 9.07 | BILYPIE-31G(d,p) | -92.2 | -20.1 | -10.8 | 100.8 | 602
- 1045 [BALYPI6-3IGp) | 21| L1 | 42| 36| 01
- 6.32 | B3LYPj6-31G(d,p) | 0.3 | 08| -10.8 | 41| 78
- 561 |B3LYPje-3LGd,p) | 0.9 | 06| B2 | 34| -6
- 9.07 | B3LYPi6-3LG(d,p) | 92.2 | -2L.1 | -10.8 | 100.8 | -60.2
%, y+jZ, Hli2 | 6.59 | BILYPIG-3G(4E) | L1 | 05| 48| 31| -39
- 6.25 | BILYPIE-31G(d,R) | -19.0 | 46 | -16.9| 17.7| 273
%, y+ljz, 2HZ | 5.28 | BALYPIE-SIG(E | -15.4 | 47| 76| 104 200
- 4.40 | B3LYPjE-3LG(d,p) | 8.7 | -17 | 207 [ 135 | 200
- 1045 [BALYPle-31G(dp) | 21| -L1| -42| 36 .01

Figure S13. Environments about the H2pOx and DMSO in H2pOx-2DMSO.

N | Symap R Electron Density | E_ele |E_pol |E_dis |E_rep |E_tot
2- 9.35 | BALYP/6-31G(d,p) | 935 | 22,0 | -10.9| 109.4 | 57.0
2| 11,50 | B3LYP/e-31G0A) | 29| 05| 19| 03| 13
4 yHlz, 22 | 839 [ BALYPIE-SIGHE) | 254 | 61| 170 232 | 289
2% v,z 12.96 | B3LVP[E-31GMA) | 60| 12| B1| 23| 02
2- S.44 | BALYRE-3IGM,E) | 105 | 33| 176 | o | 232
HE 6.32 | BALYP/E-316(d,E) | 70| -23 | -190 9.0 -20.1
2 |- 469 | BALYP/E-31GId,R) | 27 | 11| -166 | 64| -142
2|- 6.22 | BALYP/e-31G(d,R) | -1.0| -1.0| -122| 77| 76
0|- 632 | BALYP/e-31G(d,) | 7.0 | 23| -19.0| 90| -2001
0 6.22 | BILYRle-31G0d,E) | 10| 10| -122| 77| 7.6
0 11,50 | BLvRfe-316dp) | 29| 05| 19| 03| 13
0 9.35 | BILYR/6-316d,0) | -93.5 | -22.0 | -10.9 | 109.4 | 57.0
0- 544 | BILYPE-31GI4,0) | 105 | 33| -176| 91| 232
0% y+z, 2412 | 692 [BALYPE-31GME) | 0.2 | 03| 21 02| 21
0% v+, 24z | 570 [BAYPIE-BIGMHE) | 6.9 | 28| 5| 104|107
0 460 | BALYPE-3IGIAE) | 27| 11| 1E6| 64| -142
0%y, 2 6.08 | BILYPE-31GId,) | S| 09| 21| o0 T8

N | Symop R Electron Density | E_ele | E_pol [E_dis |E_rep |E_tot
o- 9.35 | BALYPIE-31G(d,R) | -93.5 | 22.0| -10.9 | 109.4 | -57.0
ol- 1150 | BaLVPie-31G(dE) | 28| 05| -18| 03| 13
0| y+1/2, 2+1j2 | 8.39 | BAVPIE-31G[p) | 254 | 6.1 -17.9 | 202 -28.9
0%z 12.96 |BALVPEBNG(E) | 60| 12| &1 23| 02
of- S | BALVPIE-31G(dR) | 1105 | 33| -17.6 | 91| -23.2
ol- 632 |BALVPe-31G(dE) | 7.0 | 23 -18.0| 90| 201
ol- 469 |BAVPE-31GIP) | 27| L1 -16.6 | 6.4 -14.2
ol- 622 |EAVPE-31GIP) | 10| -0 -122| 77| 78
1- 6.32 | BALVPIE-31G(d,R) | 70| -23|-19.0| 9.0 -20.1
1)- 6.22 |BALVRE-31G(d,p) | -1.0| -10|-122| 77| 76
1)- 1080 |BALVPEBIG(E) | 29| 05| 19| 03| 13
1)- 935 | BALVPIE-31G(d,p) | -93.5 | -22.0 | -10.9 | 109.4 | 57.0
1)- 544 | BALVRE-31GAF) | 1105 | 33| -17.6 | 91| -23.2
2|, y+1j2, 2412 | 652 | BAVRESIGWR) | -0Z| 03| 21| 02| 21
2|y, y+1j2, 241j2 | 570 BAVPIE-3IGIP) | 89| 28| 88| 104 -10.7
1)- 469 | BALWPIE3LG(AR) | 27| -LL| -16.6 ] &4 -142
1wy, 2 6.06 | BALVPE-31GdE) | 51| 08| 21| 01 78

Figure S14. Environments about the H2pOx and 2DMF in H2pOx-2DMF.
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Figure S16. Environments about the HopOx and MeOH molecules in 3H2pOx-2MeOH-4W.
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| Symop R Electron Density | E_sle | E_pol [E_dis [E_rep |E_tot
HIER 9.20 | BILYP(S-31G{d,p) | 53.2 | 122 | -15.6 | 548 | 450
z|- 870 | BLYP(E-31GI,p) | 914 | 6.0 | -l2.2 | Zz2a | Z61
HEXH 7.00 | BALYFIS-31GIH,R) | 91| 63| 17| T4| 56
2%y 2 5.97 | B3LYRIs-31G(d,p) | 12.0| 57| -23.2| 84| 66
z|- 6.53 | B3LYPIs-31G(dp) | 22| 18| 98| 92| 65
z|- 4.0z | BALYPIE-31GH,R) | 46| 23| -230| 2|8 107
z|- 7.09 | BALYPIS-31GI,p) | 617 | -48 | 148 | 1764 | 274
HB 6.97 | BILYRIs-O1GM,p) | 14| -15| 95| 47| 79
ol- 6.97 | B3LYPIs-31G(dp) | 14| 15| 95| 47| 79
0| -+if2, y+12, 2+1i2 | 519 |ELYPE-31GMR) | 25| -0z| 57| 8z| 20
ol- 4.0z | BALYRE-31GI,R) | 48| 27| -z30| 260 -1L1
ol- 7.09 | BILYRI5-31G,p) | 617 | 4.8 | -14.8 | 176.4 | 27.4
0%y 2 5.97 | E3LYRfs-31G(dp) | 03| 01| 26| L4 -L7
o- 870 | BALYP(E-31G{d,p) | 914 | 6.0 | -12.2 | 2229 | 260
0| -+if2, vtz z+lfz | 5.38 |ELYRE-31GIHR) | 06| 02| 37| 10z| 23
ol- 6,63 | BALYPIS-31GMH,R) | 22| -LB| 98| 92| 65

M| Symop R Electron Density | E_ele | E_pol [E_dis |E_rep |E_tok
PR 9,20 | BALYPI6-3150d,p) | -53.2 | 12,2 | -15.6 | 54.6 | -45.0
8.70 | BALYPi6-31G{d,p) | -91.4 6.0 -12.2 | 222.9 | 26.1

¥ Z 7.00 | B3LYPI6-31G(d,p) | 91| 6.3 -17.4 | 74| -BE
PR 507 | BALYPIE-31Gd,p) | 120 57| -23z| 4| 66

6.63 | BALYPI6-31G(d,p) | 22| -1.B| -9.8 92| -85

4,02 |BaLYPle-31G(d,p) | 46| -23| -230| 259 -10.7

7.09 | B3LYP(6-31G(d,p) | -61.7 4.6 | -14.8 | 176.4 | Z7.4

6.02 | B3LYPIE-31G(d,pd | -14| -1E| 95 47 7.8

x+12, y+1f2, -z+1j2

5.19 |BILYPle-31a(d,p) | -25| -0z| 57 2| 20

4.02 | BALYP6-31G(d,p) -4.8 -2.7 | -23.0 26.0 | -11.1

7.09 | B3LYPI6-31G(d,p) | -61.7 -8 | -14.8 | 176.4 | 274

H¥a 2

5.07 | B3LYPIE-31G(d,p) | 03| 01 2.6 14| -1.7

8.70 | BALYPIe-31G(d,p) | -91.4 | 6.0 | -12.2 | 2229 | 26.1
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Figure S17. Environments about the H>pOx and HDMA" ions in (HDMA)2pOx.

Table S10. Interaction (Em-m) and lattice energies (EL) in kdmol? of H2pOx-2S calculated with
the CLP-PIXEL software. HopOx (m = 1) and S (m = 2) are the interacting fragments.

H2pOx-2S

Eia

Eio

Eoo

E. @

Torsion-angle (o, °)

H2pOx-2DMSO

-149.9

-44.8

-15.0

-134.8

11.7(3)

H2pOx-2DMF

-139.1

-94.7

-9.8

-174.1

2.84(19)

3H2pOx-2MeOH-4W

-216.7°

H2pOx-2W1

-185.1

-50.8

-4.2

-147.6

21.2(4)

H2pOx-2W2

-185.2

-63.7

1.7

-154.6

3.8(4)

H2pOx-2MeOH

-185.0

-34.5

-4.3

-131.3

8.2(4)

8 E. was calculated as E. = (E1-1 + n*E2-2)/2 + E1-2, where n = number of solvent molecules. °

Calculated as Er-omeon-aw = %2 (EL-wi + EL-w2 + EL-MeoH)

22



6. Thermal analysis
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Figure S19. TG and DSC recordings of powdered H2pOx-2DMF.
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Sample: C-DMFf(T)
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Method: Ramp
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Figure S24. TG (a) and DSC (b) recordings of HopOx-2W (H-I1).

Table S11. TG and DSC data of HopOx solvates, desolvates and HDMA salt.

Compound Theor./EXp. step Peak Observations
stoichiometry temperature
(%) DSC, (°C)?
H2pOx-2DMSO 38.2/38.0 178.0 2 Crystallyzed DMSO
molecules

228.7 Decomposition
mc-H2pOx-2DMF 36.7/33.5 (18.4, 77.3,126.6 2 Crystallyzed DMF molecules
powdered crystals 15.1)

232.1 Decomposition
Lc-H2pOx-2DMF 36.7/35.6 (9.5, 20.2, 95.8,123.0, 2 Crystallyzed DMF molecules
Large crystals 5.9) 159.0

228.9 Decomposition
3H2pOx-2MeOH-4W  15.3/15.3 96.4 Single loss of 2 MeOH and 4 W

per 3H2POx molecules

231.4 Decomposition
(HDMA)2pOx- 238.8 Decomposition
H-1 12.5/12.6 109.6 2 Water molecules

231.4 Decomposition
H-11 12.5/12.7 92.4 2 Water molecules

232.4 Decomposition

AH, /kJ mol'%: 52.1 (DMSO), 49.2 (DMF), 37.0 (MeOH, 40.656 (W) &
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7. Vibrational spectroscopy data.

Table S12. Stretching IR absorptions of microcrystalline powders of HopOx-2 (S = DMSO, DMF, %4(2MeOH-2W), W = water), H2pOx
(desolvates) and reported values for oxalic acid (H2C204)**%°.

Bond wavenumbers (cm?)

O—H O—H N—H C=0x C=0;s Fingerprint region
(W)
HopOx-2DMS0O? 3323 (m) 3323 (m) 1706 (sh) 1679 (vs) 1291 (s), 1187 (s)
H,pOx-2DMPF® 3313 (m) 3313 (m) 1730 (w) 1686 (vs) 1295 (m), 1180 (s)
3H2pOx-2MeOH-4W 3494 (b) 3320 (b) 3310 (m) 1732 (w), 1709 1668 (s), 1654 1244 (s,b), 1190 (s,b)
(sh) (s)
(HDMA)2pOx 3252 (m) 1671 (m) 1652 (w) 1395 (s), 1346 (s, b)
2684, 2472 1228 (s), 1196 (s)
(+NH2Mez)
1630 (m, b,
bending)
H-1 3488 (b) 3349 (b) 3335 (m) 1733 (m) 1681 (s) 1299 (m), 1253 (m), 1019 (m)
3307 (m) 1714 (m) 1657 (s)
H-11 3547 (b) 3389 (b) 3316 (m) 1706 (m) 1659 (s) 1272 (s,b), 1198 (m)
A-l 3233 (m) 3312 (m) 1751 (vs) 1677 (vs) 1367 (s,b), 1311 (m)
1214 (m), 1184 (m)
A-ll 3226 (m, b) 3311 (m) 1750 (vs) 1673 (vs) 1370 (s,b), 1307 (b,w)
1225 (sh), 1211 (m), 1182 (m)
A-ll1 3293 (m) 3293 (m) 1766 (s) 1677 (vs) 1371 (s,b), 1303 (s), 1212 (m),
1173 (m)
o-H2C204 3285 (sh), 3114 1756 (s), 1722 1697 (s) 1176 (s)
(s), (sh)
2931 (sh)
B-H2C204 3106 (m), 3014 1732 (s) 1692 (sh) 1237 (s)
(m),
2890 (m), 2677
(m)
H>C>04:2W 3501 (s) 3436 (s) 1738 (R)° 1688 (s) 1255 (s), 1133 (m)

3 yS=0 =997 (m); ® vC=0 (DMF) = 1686 (s); ¢ Raman.
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Figure S25. Correlation between the C3—C1—N7—C8 torsion angle and stretching amide NH
wavenumber. The data fit to the general equation: C3—C1—N7—C8 torsion angle = 2493(+268)
—0.748(x0.082)vnH (n = 10, R = 0.956, Sr = 9.4). The data used for correlation are in Table S12.

Table S13. Data used for the correlation of Figure S15 which includes phenyl oxalamates and

oxalamides as well as a pair of molecular cocrystals.

Comp. NH wavenumber (cm™) C3—C1—N7—C8 torsion angle (°)
(HDMA)2pOx 3252 68.7
2 3241 66

3 3225 77

5 3281 53.5
6 3299 18
1-2b 3330 14
1-2¢ 3327 2
H2pOx-2DMSO 3323 12
HopOx-2DMF 3313 3
3H2pOx-2MeOH-4W 3310 10.8

The structures of compounds 2, 3, 5 and 6 are in reference [21] and those of 1-2b and 1-2c in
reference [22].
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8. I3C-CPMAS NMR chemical shifts.

Table S14. 13C-CPMAS NMR chemical shifts of H,pOx-2S, hydrates I-11 and desolvates I-111.

HO O

Compound C1 C2 C3 C8 C9 XCH3 (X =S, 0, N)
H2pOx (DMSO-d6 solution) 134.6 121.0 121.0 157.1 162.6 39.9
H2pOx-2DMSO 136 121 123 157 163 37,33
H2pOx-2DMF? 135 121 121 156, 167 (DMF) 163 37,32
3H2pOx-2MeOH-4W 136, 133 122 122 157 162 50
(HDMA),pOx (D0 solution) 133.4 121.9 121.9 162.7 165.5 34.1
(HDMA)2pOx 137 130 132 163 164 34, 32
H-1 134,132 121,120 124,121 158, 156 163, 160

H-11 135 119 122 157 162

A-1 134 121 121 155 163

A-ll 134 120 121 155 162

A-l11 132,131 123 124 155, 154 161

2 Free DMF: 6CO = 162.6, 6Me = 36.4, 31.3
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