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The crystalline form of sparsentan (SST) (systematic name: 2-{4-[(2-butyl-4-oxo-
1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2-(ethoxymethyl)phenyl}-N-(4,5-dime-
thyl-1,2-oxazol-3-yl)benzenesulfonamide), Cz;,H4oN4OsS, was produced and
characterized using single-crystal and powder X-ray diffraction, differential
scanning calorimetry (DSC), thermogravimetric analysis (TGA) and IR spec-
troscopy. The SST molecule displays positional disorder in three different
sections. Viability tests of alternative disorder models involved the calculation of
energetic contributions to analyse each possible molecular conformation within
its crystal environment and identify the energetically most favourable confor-
mations in the lattice.

1. Introduction

Sparsentan (SST, Scheme 1) is a dual endothelin type A
(ETA) receptor and angiotensin II type 1 (AT1) receptor
antagonist (DEARA), developed by Travere Therapeutics
and marketed under the brand name Filspari. It is used for the
treatment of IgA nephropathy and focal segmental glomer-
ulosclerosis (FSGS) (Syed, 2023; Zhang et al, 2020). By
blocking the ETA receptor, this drug reduces vasoconstriction,
inflammation and fibrosis, while its AT1 receptor antagonism
lowers blood pressure and protects kidney function. This dual
mechanism is effective for treating kidney diseases, such as
focal segmental glomerulosclerosis (FSGS) and IgA nephro-
pathy (IgAN), as proteinuria is reduced and disease progres-
sion slowed (Kohan et al., 2024). The SST molecule is highly
flexible and contains seven hydrogen-bond acceptors, one
hydrogen-bond donor and 12 torsion angles (Murugesan et al.,
2002). Its molecular flexibility predisposes sparsentan to the
formation of an amorphous phase (Macikenas et al., 2019). An
amorphous phase typically dissolves faster than its stable
crystalline counterpart, but is generally less stable over time,
which can potentially lead to performance variability
(Desiraju, 2007). Although limited structural data for this
phase have been disclosed (Murugesan et al, 2005), the
detailed structural and conformational information which are
necessary to understand its properties and behaviour have not
been available so far. Therefore, we have carried out a com-
prehensive crystallographic study to establish the solid-state
characteristics of the SST molecule.

Flexible molecules can adopt a range of energetically viable
conformations whose specific crystal packing preferences may
then result in the formation of polymorphs, i.e. a single mol-
ecule crystallizes in multiple crystal forms with distinct mol-
ecular packing arrangements and physical properties (Tang et
al., 2021). The study of flexible molecules is therefore an
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important topic in materials science, pharmaceutical research
and crystal engineering. In addition, molecular flexibility may
also be linked with the observation of structural disorder in
certain crystals. Many molecular crystals and more than 20%
of the crystal structures deposited in the Cambridge Structural
Database (CSD) exhibit some form of disorder (Groom et al.,
2016; Linden, 2023). The accurate refinement of these struc-
tures depends critically on the available diffraction data, as
only high-quality data enable a reliable determination of the
molecular geometry and a sufficient resolution of the disor-
dered regions, and weak data will lead to inferior results
(Diederichs, 2016). In this context, energy calculations that are
aimed at identifying the energetically most favourable con-
formations within the lattice have become a valuable tool for a
more reliable disorder refinement. For instance, energy mini-
mization techniques like the ‘molecule-in-cluster’ approach
allow the analysis of each of the possible molecular confor-
mations within its crystal environment, refining the model
based on the most stable conformations (Dittrich, 2021). By
computationally optimizing each molecular arrangement and
applying targeted restraints, the alignment between the model
and the experimental data is improved, and thus the accuracy
and precision of disorder refinement in structural analysis is
enhanced (Miiller, 2021). In the present study, the crystal
structure refinement revealed multiple disordered fragments
within the SST molecule. Advanced techniques, including
energy calculations (Clark et al., 2005), were applied to assess
the viability of alternative disorder geometries and also to
evaluate which of these are likely to co-exist in individual
molecules.
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2. Experimental
2.1. Materials

Amorphous SST was obtained from Taros Chemicals. This
substance was recrystallized prior to use in further experi-
ments (details of the recrystallization method are provided
below). Analytical grade solvents were procured from com-
mercial suppliers.

Table 1

Experimental details.

Crystal data

Chemical formula

Mr

Crystal system, space group
Temperature (K)

a, b, c (A)

o, B,y ()

V (A%)

VA

Radiation type

p (mm")
Crystal size (mm)

Data collection
Diffractometer

Absorption correction

Tiins Timax
No. of measured, independent and
observed [I > 20([)] reflections

Rint o
(S0 O/A)max (A7)

Refinement

R[F? > 20(F%)], wR(F?), S
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

Apmaxv Apmin (C Ai})

C3,H4oN4OsS

592.74

Triclinic, P1

193

11,3363 (10), 11.8815 (8),
14.0763 (10)

98.113 (6), 112.679 (8), 110.711 (7)

1549.4 (2)

2

Mo Ka

0.15

0.25 x 0.25 x 0.15

Rigaku Xcalibur Gemini ultra
diffractometer with a Ruby
detector

Multi-scan (CrysAlis PRO; Rigaku
OD, 2020)

0.921, 1.000

14469, 6837, 4250

0.042
0.641

0.054, 0.140, 1.03

6837

528

483

H atoms treated by a mixture of
independent and constrained
refinement

0.48, —0.31

Computer programs: CrysAlis PRO (Rigaku OD, 2020), SHELXT (Sheldrick, 2015a),
SHELXL2014 (Sheldrick, 2015b) and XP (Bruker, 1998).

2.2. Preparation of crystalline SST

Amorphous SST (1 g) was dissolved in 5 ml of isopropanol
and 5 ml of water was added dropwise to the mixture. The
resulting mixture was then warmed to 40 °C to produce a clear
solution. This solution was allowed to cool and kept at room
temperature, resulting in the formation of white prismatic
crystals suitable for single-crystal structure determination.
These crystals were filtered off, washed with a small amount of
a 2:1 isopropanol-water mixture and dried to yield a white
crystalline solid.

2.3. Single-crystal structure refinement

Crystal data, data collection and structure refinement
details are summarized in Table 1. All H atoms, except for
those in disordered fragments, were identified in difference
maps. Methyl H atoms were idealized and included as rigid
groups allowed to rotate but not tip (C—H = 0.98 A), with
Uiso(H) parameters set to 1.5U.q(C) of the parent atom. H
atoms bonded to secondary CH, and tertiary CH atoms
(C—H = 0.99 A), and H atoms in aromatic groups (C—H =
0.95 A) were positioned geometrically, with U;,,(H) values set
to 1.2U.4(C) of the parent atom. The H atom of the NH group
was refined with a restrained bond length [N6—H6 =
0.88 (1) A] and its U;so(H) parameter was refined freely.
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Several sections of the SST molecule were found to exhibit
positional disorder, ie. the butyl group (-C39—C40—
C41—C42; labelled A in Scheme 1), the ethoxymethyl group
(-C24—025—C26—C27; labelled B) and the cyclopentyl ring
(C34-C37; labelled C). A combination of restraints on
chemically equivalent 1,2- and 1,3-distances, and restraints on
anisotropic displacement parameters was applied in the
refinement of the non-H-atom positions in the disordered
parts of the molecules. The refined final occupancies were
A1/A2 = 0.804 (5):0.196 (5), B1/B2/B3 = 0.597 (3):0.223 (3):
0.180 (2) and C1/C2 = 0.571 (18):0.429 (18). A detailed
description of the disorder model is given in Section 3.2 below.

2.4. Periodic electronic structure calculations

Six ordered structure models based on the disorder frag-
ments in sections A and B of the SST molecule (Scheme 1)
were generated. These models represented the initial config-
urations for periodic electronic structure optimization using
CASTEP (Version 23.1; Clark et al., 2005) to generate opti-
mized atomic positions and lattice parameters. The Perdew—
Burke-Ernzerhof (PBE) generalized gradient approximation
(GGA) exchange-correlation density functional (Perdew et
al., 1996) was applied, along with ultrasoft pseudopotentials
(Vanderbilt, 1990) and the MBD* semi-empirical dispersion
correction (Tkatchenko et al., 2012). The k-point grid was
chosen to maintain a maximum spacing of 2z x 0.07 A~ with
a basis set cut-off energy of 780 eV. Convergence criteria were
set to an energy precision better than 2 x 1075 eV per atom,
atomic displacements within 1 x 10>, maximum forces below
1 x 107 A and maximum stresses below 0.1 GPa. The main
component of the cyclopentyl ring (section C in Scheme 1) was
used for all models, as the calculations were carried out to
investigate the disordered chain conformations.

Figure 1

The molecular structure of SST, with displacement ellipsoids drawn at the
50% probability level and H atoms drawn as spheres of arbitrary size
(minor disorder has been omitted for clarity).

2.5. Pairwise intermolecular energy calculations

CrystalExplorer (Version 17; Mackenzie et al, 2017;
Spackman et al., 2021) and GAUSSIANI6 (Frisch et al., 2019)
were used to calculate the pairwise intermolecular energies for
the PBE-MBD#*-generated structure models of SST within a
3.80 A radius, using the B3LYP/6-31G(d,p) wavefunction.

3. Results and discussion
3.1. Molecular geometry and hydrogen bonding

The asymmetric unit contains a single SST molecule (Fig. 1).
The C12—C13—C18—C23 torsion angle, corresponding to
the twist between the two central arene rings, is —69.7 (3)°.
The C28 —N29 bond is slightly out of the mean plane formed
by atom C28 and the adjacent arene ring [C20—C21—
C28—N29 = 14.6 (3)°], and the angle between the latter mean
plane and that defined by atom C28 and the neighbouring
imidazole ring (N29/C30/C31/N32/C33) is 82.33 (8)°. In the
N-(1,2-oxazol-3-yl)benzenesulfonamide fragment, the N2—C3
bond of the oxazole ring and the S7—C12 bond adopt a cis
arrangement, and the central C3—N6—S7—Cl12 chain
displays a gauche conformation, corresponding to values of
3.2 (3), —60.5 (2) and —41.7 (2)° for the three essential torsion
angles N2—C3—N6—S7 (1), C3—N6—S7—Cl12 (1) and
N6—S7—C12—C13 (73). The most recent version of the
Cambridge Structural Database (CSD, Version 6.00; Groom et
al., 2016) contains another 67 examples of the same molecular
fragment in 55 different crystal structures, and the values of
the torsion angles t,—73 (Fig. 2, inset) were collected for each
of these examples (Table S1 of the supporting information). As
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Figure 2

Survey of the experimental conformations of the N-(1,2-oxazol-3-yl)-
benzenesulfonamide fragment characterized by torsion angles 7,-7;3
(inset). The t3 versus t; plot shows two clusters which correspond to
preferred conformations.
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Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
N6—H6---O11'  083(1)  212(1) 2951 (2)  159(2)
C28—H28A---038" 0.99 2.40 3.318 (3) 153
C28—H28B---08' 0.99 2.46 3.265 (3) 138

Symmetry codes: (i) —x+ 1, —y +1, —z 4+ 1; (ii) —x +2, =y +2, —z + 1.

two inversion-equivalent sets of torsions are present in each of
these structures, the values of 7, 7, and 73 were normalized so
that 7, > 0° in order to facilitate a meaningful comparison. The
obtained geometrical parameters are listed in Table S1 of the
supporting information. All values for the central angle 7, lie
within a narrow range between 50.1 and 86.1°, i.e. the central
C—N—S—C chain is always gauche and its conformational
flexibility is small. Moreover, a plot of t; values against 73
angles reveals two distinct densely populated clusters of data
points in the narrow range 41.7 < 73 < 86.5°. The corre-
sponding 7; values approach 180° in the first cluster (encircled
in blue in Fig. 2), indicating a trans orientation of the S—C
bond relative to the N—C bond of the oxazole ring. By
contrast, 7; values are close to 0° in the second cluster
(encircled in red in Fig. 2), which corresponds to a cis con-
formation and also contains the data point for SST. Therefore,
the 7, torsion describes a section of the molecule which is
typically planar and gives rise to two distinct geometries which
are related by a 180° rotation about the central N—C bond.
The SST molecule contains seven potential acceptor sites
for hydrogen bonds and one hydrogen-bond donor group, i.e.
the NH group of the sulfonamide fragment. The latter forms
an N6—H6. --O11" interaction with a sulfonyl O atom of a
neighbouring molecule (see Table 2 for symmetry codes). The
resulting centrosymmetric dimer (Fig. 3) displays an R5(6) ring
(Etter et al., 1990; Bernstein et al., 1995). Within this dimer,
there is also a short intermolecular contact, C28—
H2SB-~~081, with an H---O separation of 2.46 A, which
involves the second sulfonyl O atom and the CH, group
linking the substituted imidazole ring with the arene ring
(Table 2). The same CH, group is additionally engaged in a

Figure 3

N—H- - -O hydrogen-bonded dimer (minor disorder and H atoms bonded
to C atoms have been omitted for clarity). [Symmetry code: (i) —x + 1,
—y+1,—z+1]

significant interaction with the carbonyl group of a third
molecule, C28—H28A- - -038", where the H---O distance is
2.40 A.

3.2. Disorder model

In the case of the disordered B chain, the initial refinement
was also carried out with a two-component model. The re-
sulting disordered chain geometries displayed sensible 1,2-
and 1,3-distances. The corresponding occupancy ratio was
0.7:0.3, R[F? > 20(F?)] = 0.066 and wR(F?) = 0.205. However,
this model displayed some unusual features, especially with
regard to the position of the C27" methyl group of the minor
component (see Fig. S6 of the supporting information). In
addition to an unexpected large spatial separation between
alternative methyl-group positions (C27---C27" = 1.94 A), the
C27' methyl group was in close proximity to the C18-C23 ring
of a second molecule with C27'---C23" = 2,63 A [symmetry
code: (iii) —x + 1, —y + 2, —z + 1], resulting in several
atypically short intermolecular distances. This situation could
not be improved by the application of anti-bumping restraints.
Moreover, the region of the disordered B chain also contained
significant residual electron-density peaks, with Apg.x =
1.02 e A7 at a distance of 2.64 A from C23".

Additionally, energy calculations carried out on the four
theoretical ordered crystal structures containing optimized
molecular geometries representing possible A/B combinations

ca2n
s C36A C38 ~UA

C1:C34 > C37
C2: C34A> C37A

A1: C39 > C42
A2: C39A > C42A

C27A
Ny

2
€27 coeA” 025

c13

B1: C24 > C27 V) co6B
B2: C24A > C27A 7
B3: C24B > C27B

Figure 4

Detailed views of the alternative chain conformations of the disorder
components A1/A2 and C1/C2 (top), and B1/B2/B3 (bottom; H atoms
have been omitted for clarity).
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indicated a significant disadvantage associated with the minor
B component (see Fig. S7 of the supporting information).

The search for a better model then let us consider the
possibility of a third disorder component B3 of the chain
(-C24—025—C26—C27), which results from the rotation of
the arene ring about the C13—C18.--C21—C28 axis by ap-
proximately 180° (see Fig. 4). The geometry of the first dis-
order component B1 was largely unchanged in this new three-
way-split model. The main difference between B1 and the
second component B2 is a 44° rotation about the C19—C24
bond (see Table S8 of the supporting information). As
expected, the alternative positions of the two methyl groups
lie in very close proximity, i.e. C27- - -C27A = 0.371 (16) A. The
final occupancies of B1, B2 and B3 were 0.597 (3), 0.223 (3)
and 0.180 (2), respectively. The presence of a B3 chain in a
given molecule means that a particular neighbouring molecule
to which it is related by the inversion operation (—x + 1,
—y +2, —z + 1) must also contain the B3 conformation, i.e. the
B3 geometry of one molecule is geometrically incompatible
with a B1 or B2 chain in the other. The refined site occupancy
of 0.804 for the major A1 component is similar to the sum of
the occupancies of 0.820 for B1 and B2, but it cannot be
ascertained from diffraction data how the occupancies in
sections A and B of the SST molecule are correlated with one
another. This topic was investigated further with energy
calculations, discussed in the following section, which were
also used to establish the viability of the obtained chain con-
formations.

The conformations C1 and C2 of the disordered cyclopentyl
ring were analysed using PLATON (Spek, 2020). Ring-
puckering parameters (Cremer & Pople, 1975) of g =
0.421 (13) A and ¢ = 28 (2)° obtained for the major com-
ponent indicate an intermediate geometry between C34-
envelope and C31/C34-twist. The minor component (Fig. 4)
displays a conformation between C36A-envelope and C36A4/
C35A-twist, resulting in ring-puckering parameters of g =
0.338 (19) A and ¢ = 279 (3)°.

3.3. Energy calculations

To further investigate the disorder in the -CH,CH,CH,CHj;
(section A in Scheme 1) and -CH,OCH,CHj; (section B)
groups, six independent ordered structural models were
generated, each starting from one of the disorder sites iden-
tified in the experimental structure. These structures were
then optimized (PBE-MBD*), with the experimental lattice
parameters and atomic positions allowed to minimize. The
minimizations revealed that the six initial models did not
converge to a single structure. Instead, each of the possible
positions for both disordered groups yielded a unique
minimum on the lattice energy landscape, indicating that the
disorder in the A group is not linked to the disorder in the B
group, and vice versa. Each of the positions of the A and B
groups was well reproduced in the PBE-MBD* structures, as
shown by the overlay of experimental and PBE-MBD* con-
formations (Fig. 5).

(a) A1B1 (b) A1B2 (c) A1B3
rmsd, = 0.08 A rmsd, = 0.07 A rmsd, = 1.12 A
AE,,. = 2.00 kJ mol” AE,,. = 7.02 kJ mol” AE,,. = 13.05 kJ mol”
(d) A2B1 (e) A2B2 (f) A2B3
rmsd, =0.13 A rmsd, =0.12 A rmsd =021A
AE,,. =0 kJ mol’ AE,,.=5.28 kJ mol” =7.85kJ mol”
Figure 5

Overlay of the experimental conformations (coloured by element) with the conformations observed in the optimized structures (in green). Rmsd; and
intramolecular energy differences (AE;,;,) were calculated at the B3LYP/6-31G(d,p) level of theory. AE;,, values are reported relative to the lowest

energy among the six conformations.
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Table 3
Lattice energy differences (PBE-MBD*, kJ moljl) among the six
ordered STU structure models and rmsd;s values (A).

Structure AE rmsd; s Structure AE rmsd; s
Al1B1 0.00 0.15 A2B1 7.23 0.24
A1B2 6.45 0.12 A2B2 11.67 0.18
A1B3 6.01 0.39 A2B3 8.88 0.39

The intramolecular energy differences (AFE;,,) for the six
conformations were estimated at the B3LYP/6-31G(d,p) level
of theory. A2B1 was identified as the lowest-energy confor-
mation among the six (calculated in the gas phase), although it
was only 2.00 kJ mol™! lower than A1BL. Therefore, the
energy difference between the two A chain orientations is
relatively small compared to the energy differences between
the B orientations, which were estimated to be in the range
5-11 kJ mol ™.

Less favourable intramolecular energies can be offset by
stronger intermolecular interactions within the crystal struc-
ture. A comparison of the lattice energies (PBE-MBD#*) of the
six distinct orientations (Table 3) in the SST structure revealed
that the three structures adopting the A1 orientation are lower
in energy than the three A2-based structures. In the experi-

(a) A1B1

(b) A1B2

Figure 6

mental structure, the disorder ratio was refined to 0.45:0.55,
with A2 being only slightly favoured. Adding the B orienta-
tions to the comparison revealed that B1 is favoured over B2
and B3, which is clearly reflected in the disorder ratio of 0.60
for B1, compared to 0.22 and 0.18 for the remaining two
orientations. Overall, the structure optimizations revealed that
A1B1 might be the most stable of the six models based on
lattice energy calculations. However, with the exception of the
A2B2 model, all are within 10 kJ mol ™. The calculations de-
monstrate that numerous orientations are feasible for forming
low-energy structures, and adding entropic contributions is
expected to further stabilize the structures. This helps ratio-
nalize the high tendency toward disorder in the SST structure.
All orientations were well reproduced in the models, with the
B3 orientation, a minor orientation involving a 180° flip of the
biphenyl Ph-Ph dihedral, showing a slightly higher rmds;s
value than the other structures (Table 3).

In addition to calculating the lattice energy differences
between the models, we also computed the pairwise inter-
molecular interaction energies for the PBE-MBD* structures.
The six optimized structure models exhibit identical packing
arrangements (Fig. 6), differing only in the torsional variations
of the two flexible groups. The R3(8) dimer motif was identi-

(c) A1B3

Energy framework diagrams (total energy), illustrating that all six tested sparsentan models result in the same order of the strong pairwise interactions.
The energy scale factor is 50. Stabilizing contacts are shown in blue and the thickness corresponds to the strength. Pairwise interaction energies less than
20 kJ mol~" and H atoms have been omitted for clarity. The packing diagrams are displayed along the respective crystallographic a axes.
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Figure 7
Experimental PXRD pattern of SST (top) and a simulated pattern
derived from the single-crystal structure (bottom).

fied as the strongest pairwise intermolecular interaction, with
an interaction energy between —127.8 and —150.1 kJ mol ™",
This interaction is stabilized not only by significant electro-
static contributions but also by dispersion forces. Sparsentan,
which has a single hydrogen-bond donor group, but multiple
aromatic rings and flexible alkyl chains, allows for the
formation of relatively strong aromatic interactions and close
contacts. The second and third strongest interactions fall
within the —92.5 to —72.9 kJ mol ' range (Tables S3-S6 of the
supporting information) and, despite their strength, they do
not involve classical strong hydrogen bonds, highlighting the
crucial role of dispersion forces in stabilizing the crystal lattice.
The fact that each of the six models remained at a local
minimum without transitioning to another arrangement sug-
gests a potential for disorder, often seen in computed crystal
energy landscapes where major and minor components appear
as separate structures (Hunnisett et al., 2024). The applied
lattice energy minimization models do not account for

entropic contributions, which are expected to stabilize the
structure and, therefore, support the experimentally observed
disorder.

3.4. Characterization of the crystalline phase of SST
3.4.1. Powder X-ray diffraction (PXRD)

The experimental room-temperature PXRD pattern of a
sample of SST obtained via cooling crystallization from
acetonitrile matches a corresponding pattern (193 K) calcu-
lated with Mercury (Macrae et al., 2020) from the crystal
structure data (Fig. 7). Slight differences in peak positions are
due to different temperature conditions.

3.4.2. Thermal analysis

To investigate the thermal properties of the title compound,
including its glass transition temperature (7,), the differential
scanning calorimetry (DSC) analysis was performed as a
heating—cooling-heating cycle. The transition temperature 7,
was determined using a melt—quench technique. The material
was first heated beyond its melting point and then cooled
rapidly to trap the molten state in an amorphous form. The
DSC plot (Fig. 8, first curve) shows a sharp endothermic peak
at 140.6 £ 0.2 °C (onset), which corresponds to the melting of
SST, and the TGA thermogram (Fig. 8) shows a concurrent
mass loss of 0.60% between 25 and 145 °C. Following the first
heating, the amorphous sample was cooled to —20 °C and
then reheated to 155 °C, and during this step, the glass tran-
sition was observed at T, = 41.5 °C. This relatively low T, is
indicative of the poor physical stability of amorphous SST and
a likelihood of recrystallization from the amorphous state
during long-term storage.

3.4.3. FT-IR spectroscopy

The FT-IR spectra (Fig. 9) of the amorphous and the
crystalline forms of SST were recorded and compared. In the

100.0
r 99.4
Tonset = 140.6(2) °C
Toeak = 143.6(2) °C
s . 1. Heating —» <
o crystalline 77— <
2 2
K amorphous <— 2. Cooling o
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-20 0 20 40 60 80 100 120 140

Temperature (°C)

Figure 8

DSC curves: two heating/cooling cycles (red/blue; T, = glass transition temperature) and the TGA curve (black) of crystalline sparsentan.
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FT-IR spectra of the amorphous (red) and crystalline (black) forms of SST with assigned band positions.

case of the crystalline form, sharp peaks were observed at 1725
(C=0), 1629 and 1484 (C=C), and 1326 and 1160 cm™'
(O=S=0). In the spectrum of the amorphous form, the
corresponding peak positions are shifted by less than 20 cm ™
to lower or higher wavenumbers. Additionally, the crystalline
form produces a sharp N—H stretching peak above
3000 cm ™", whilst the corresponding peak in the spectrum of
the amorphous form is significantly broadened. This broad-
ening and shifting of peaks is attributed to molecular rear-
rangements during the amorphization process which disrupt
the periodic order of the crystal lattice in the solid state
(Moinuddin et al., 2020).

4. Conclusions

In the solid state, the sparsentan molecule exhibits two dis-
ordered chain sections (A and B), in addition to a disordered
cyclopentyl ring (section C). This study demonstrates the
application of complementary energy calculations to improve
and interpret a complex disorder model. It was found that an
initial disorder model for section B contained a minor-occu-
pancy component with an unviable chain geometry. This led to
the establishment of an alternative three-component disorder
model for B, resulting in significantly improved structure
refinement parameters. Energy calculations confirmed the
viability of the three chain geometries implied by the final
model for section B. In addition, these computations indicated
that the two disordered chains of sections A and B of the
molecule are uncorrelated with regard to their occupancy.
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Computing details

2-{4-[(2-Butyl-4-0xo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2-(ethoxymethyl)phenyl}-N-(4,5-dimethyl-1,2-

oxazol-3-yl)benzenesulfonamide

Crystal data

C3,H4yoN4OsS

M, =592.74
Triclinic, P1
a=11.3363 (10) A
b=11.8815(8) A
c=14.0763 (10) A
0=98.113 (6)°

L =112.679 (8)°
y=110.711 (7)°
V'=1549.4 (2) A®

Data collection

Rigaku Xcalibur Gemini ultra
diffractometer with a Ruby detector
Radiation source: fine-focus sealed X-ray tube,
Enhance (Mo) X-ray Source
Graphite monochromator
Detector resolution: 10.3575 pixels mm!
 scans
Absorption correction: multi-scan
(CrysAlis PRO; Rigaku OD, 2020)

Refinement

Refinement on F?

Least-squares matrix: full

R[F?>20(F*)]=0.054

wR(F?)=0.140

§=1.03

6837 reflections

528 parameters

483 restraints

Primary atom site location: structure-invariant
direct methods

Secondary atom site location: difference Fourier
map

zZ=2

F(000) =632

D,=1270 Mg m

Mo Ko radiation, 2 =0.71073 A

Cell parameters from 4034 reflections
0=2.1-27.5°

4 =0.15mm™

=193 K

Block, colourless

0.25 x0.25 x 0.15 mm

Tin = 0.921, Tpax = 1.000
14469 measured reflections
6837 independent reflections
4250 reflections with 1> 20(])
R =0.042

Omax = 27.1°, Opin = 1.9°
h=-14—13

k=-15—15

[=-17—18

Hydrogen site location: mixed

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[c*(F*) + (0.0559P)* + 0.1427P]
where P = (F 2+ 2F2)/3

(A/0)max = 0.001

Apmax =048 ¢ A3

Apmin=—031e¢ A3

Extinction correction: SHELXL.2014
(Sheldrick, 2015b),
Fc™=kFc[1+0.001xFc23/sin(26)]*

Extinction coefficient: 0.0105 (14)
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Special details

Geometry. All esds (except the esd in the dihedral angle between two L.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate

(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uio™/Ueq Occ. (<1)
ol 0.00778 (17) 0.41650 (17) 0.14189 (13) 0.0480 (5)
N2 0.0841 (2) 0.4553 (2) 0.25702 (15) 0.0449 (5)
C3 0.2017 (2) 0.4463 (2) 0.27558 (17) 0.0324 (5)
C4 02117 2) 0.4057 (2) 0.18051 (18) 0.0349 (5)
Cs 0.0865 (2) 0.3879 (2) 0.10009 (18) 0.0392 (6)
N6 0.30571 (19) 0.47637 (18) 038134 (14) 0.0334 (4)
H6 0.3925 (14) 0.491 (2) 0.394 (2) 0.053 (8)*
S7 0.29254 (6) 0.51760 (5) 0.49058 (4) 0.03276 (17)
08 0.16728 (16) 0.42267 (15) 0.48335 (13) 0.0428 (4)
9 0.3295 (3) 0.3851 (3) 0.1726 (2) 0.0555 (7)
HO9A 0.3059 0.3566 0.0960 0.083*
H9B 0.3427 0.3203 0.2057 0.083*
HO9C 0.4179 0.4649 0.2110 0.083*
C10 0.0209 (3) 0.3430 (3) ~0.02031 (19) 0.0549 (7)
HIO0A 0.0864 0.3248 —0.0419 0.082*
H10B 0.0020 0.4090 —0.0486 0.082*
H10C —0.0691 0.2656 —0.0500 0.082*
ol1 0.42842 (15) 0.54477 (15) 0.57733 (12) 0.0394 (4)
c12 0.2703 (2) 0.6577 (2) 0.49445 (16) 0.0313 (5)
Cl13 0.3465 (2) 0.7583 (2) 0.46804 (17) 0.0340 (5)
Cl4 03132 (2) 0.8603 (2) 0.4713 (2) 0.0456 (6)
H14 0.3587 0.9279 0.4496 0.055%*
Cls 0.2158 (3) 0.8659 (3) 0.5053 (2) 0.0511 (7)
H15 0.1967 0.9376 0.5080 0.061%*
Cl16 0.1460 (2) 0.7684 (2) 0.5353 (2) 0.0444 (6)
H16 0.0812 0.7738 0.5609 0.053*
C17 0.1709 (2) 0.6631 (2) 0.52787 (18) 0.0373 (5)
H17 0.1203 0.5939 0.5456 0.045%*
C18 0.4645 (2) 0.7643 (2) 0.44320 (17) 0.0321 (5)
C19 0.4541 (2) 0.7587 (2) 0.34031 (18) 0.0359 (5)
H19 0.3693 0.7501 0.2824 0.043* 0.196 (5)
€20 0.5692 (2) 0.7658 (2) 0.32386 (18) 0.0370 (5)
H20 0.5606 0.7589 0.2532 0.044%*
21 0.6961 (2) 0.7827 (2) 0.40713 (18) 0.0338 (5)
22 0.7064 (2) 0.7918 (2) 0.50938 (17) 0.0337 (5)
H22 0.7930 0.8045 0.5680 0.040%*
23 0.5928 (2) 0.7827 (2) 0.52734 (18) 0.0348 (5)
H23 0.6020 0.7891 0.5981 0.042%* 0.804 (5)
C24 0.3237 (6) 0.7510 (7) 0.2442 (8) 0.0442 (9) 0.597 (3)
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H24A
H24B
025
C26
H26A
H26B
C27
H27A
H27B
H27C
C24A
H24C
H24D
O25A
C26A
H26C
H26D
C27A
H27D
H27E
H27F
C24B
H24E
H24F
025B
C26B
H26E
H26F
C27B
H27G
H27H
H271
C28
H28A
H28B
N29
C30
C31
N32
C33
C34
H34A
H34B
C35
H35A
H35B
C36
H36A

0.3168
0.2364
0.3283 (3)
0.4243 (6)
0.3970
0.5226
0.418 (2)
0.3218
0.4874
0.4411
0.3197 (13)
0.2649
0.2580
0.3552 (10)
0.4003 (17)
0.4812
0.3210
0.445 (7)
0.5305
0.4672
0.3678
0.6216 (14)
0.5381
0.7054
0.6473 (10)
0.661 (2)
0.7206
0.7085
0.517 (3)
0.4667
0.5268
0.4626
0.8235 (2)
0.9107
0.8314
0.81986 (19)
0.8737 (2)
0.8470 (3)
0.7736 (3)
0.7617 (3)
0.7501 (9)
0.7020
0.6769
0.8569 (12)
0.8194
0.8795
0.9880 (14)
0.9911

0.7070
0.6991
0.8716 (3)
0.9416 (6)
0.8932
0.9568
1.0650 (11)
1.0491
1.1164
1.1105
0.7516 (18)
0.6655
0.7659
0.8435 (8)
0.9690 (11)
0.9911
0.9747
1.059 (3)
1.0597
1.1444
1.0316
0.8239 (10)
0.7668
0.8133
0.9521 (9)
0.989 (2)
1.0815
0.9455
0.953 (5)
0.9887
0.9867
0.8603
0.7896 (2)
0.8600
0.7097
0.80880 (18)
0.9260 (2)
0.9017 (2)
0.7646 (2)
0.7183 (2)
0.9575 (11)
0.9125
0.9531
1.0950 (8)
1.1330
1.1473
1.0840 (10)
1.0881

0.1756
0.2479
0.2413 (3)
0.2061 (5)
0.1316
0.2550
0.2077 (15)
0.1560
0.1871
0.2809
0.247 (2)
0.1929
0.2768
0.1949 (6)
0.2589 (11)
0.3312
0.2695
0.202 (4)
0.1989
0.2416
0.1279
0.6481 (7)
0.6537
0.6952
0.6873 (7)
0.7931 (11)
0.8283
0.8383
0.785 (3)
0.7338
0.8564
0.7583
0.39342 (19)
0.4552
0.3971
0.29298 (15)
0.28282 (19)
0.1664 (2)
0.11856 (17)
0.1919 (2)
0.1012 (14)
0.0221
0.1244
0.1302 (9)
0.0744
0.2018
0.1331 (15)
0.0642

0.053%*
0.053%*
0.0473 (9)
0.0531 (13)
0.064%*
0.064%*
0.074 (4)
0.111*
0.111*
0.111*
0.0442 (9)
0.053*
0.053*
0.048 (2)
0.058 (3)
0.069*
0.069*
0.10 (2)
0.156*
0.156*
0.156*
0.046 (3)
0.055*
0.055*
0.062 (3)
0.084 (7)
0.101*
0.101*
0.102 (15)
0.153*
0.153*
0.153*
0.0409 (6)
0.049%*
0.049%*
0.0366 (5)
0.0366 (5)
0.0488 (6)
0.0565 (6)
0.0464 (6)
0.076 (4)
0.091%*
0.091%*
0.087 (3)
0.104%*
0.104%*
0.120 (5)
0.144%

0.597 (3)
0.597 (3)
0.597 (3)
0.597 (3)
0.597 (3)
0.597 (3)
0.597 (3)
0.597 (3)
0.597 (3)
0.597 (3)
0.223 (3)
0.223 (3)
0.223 (3)
0.223 (3)
0.223 (3)
0.223 (3)
0.223 (3)
0.223 (3)
0.223 (3)
0.223 (3)
0.223 (3)
0.180 (2)
0.180 (2)
0.180 (2)
0.180 (2)
0.180 (2)
0.180 (2)
0.180 (2)
0.180 (2)
0.180 (2)
0.180 (2)
0.180 (2)

0.571 (18)
0.571 (18)
0.571 (18)
0.571 (18)
0.571 (18)
0.571 (18)
0.571 (18)
0.571 (18)
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H36B 1.0761 1.1547 0.1938 0.144%* 0.571 (18)
C37 0.9781 (9) 0.9583 (10) 0.1483 (12) 0.056 (3) 0.571 (18)
H37A 1.0656 0.9710 0.2119 0.068%* 0.571 (18)
H37B 0.9657 0.9014 0.0829 0.068%* 0.571 (18)
C34A 0.7726 (14) 0.9806 (15) 0.1167 (18) 0.063 (3) 0.429 (18)
H34C 0.6816 0.9248 0.0499 0.075* 0.429 (18)
H34D 0.7513 1.0235 0.1690 0.075* 0.429 (18)
C35A 0.8720 (15) 1.0774 (15) 0.0901 (16) 0.103 (5) 0.429 (18)
H35C 0.8655 1.1586 0.1030 0.124%* 0.429 (18)
H35D 0.8507 1.0461 0.0136 0.124%* 0.429 (18)
C36A 1.0181 (13) 1.0931 (10) 0.1682 (10) 0.063 (3) 0.429 (18)
H36C 1.0863 1.1237 0.1393 0.076* 0.429 (18)
H36D 1.0556 1.1551 0.2399 0.076* 0.429 (18)
C37A 0.9983 (11) 0.9658 (15) 0.1786 (16) 0.063 (4) 0.429 (18)
H37C 1.0705 0.9738 0.2504 0.075* 0.429 (18)
H37D 1.0067 0.9160 0.1210 0.075* 0.429 (18)
038 0.93176 (19) 1.02622 (17) 0.35434 (14) 0.0521 (5)

C39 0.6958 (7) 0.5796 (3) 0.1755 (6) 0.0643 (9) 0.804 (5)
H39A 0.6393 0.5635 0.2153 0.077* 0.804 (5)
H39B 0.6287 0.5341 0.0972 0.077* 0.804 (5)
C40 0.7963 (3) 0.5268 (3) 0.2108 (3) 0.0489 (10) 0.804 (5)
H40A 0.8622 0.5708 0.2894 0.059%* 0.804 (5)
H40B 0.8540 0.5440 0.1720 0.059%* 0.804 (5)
c41 0.7258 (5) 0.3833 (4) 0.1911 (4) 0.0616 (11) 0.804 (5)
H41A 0.8010 0.3570 0.2269 0.074%* 0.804 (5)
H41B 0.6623 0.3650 0.2251 0.074%* 0.804 (5)
c42 0.6397 (7) 0.3055 (6) 0.0718 (5) 0.089 (2) 0.804 (5)
H42A 0.5606 0.3264 0.0368 0.134%* 0.804 (5)
H42B 0.6015 0.2149 0.0642 0.134%* 0.804 (5)
H42C 0.7012 0.3248 0.0370 0.134%* 0.804 (5)
C39A 0.686 (3) 0.5810 (8) 0.178 (2) 0.0643 (9) 0.196 (5)
H39C 0.7189 0.5718 0.2512 0.077* 0.196 (5)
H39D 0.5832 0.5577 0.1480 0.077* 0.196 (5)
C40A 0.7002 (16) 0.4884 (10) 0.1112 (13) 0.061 (4) 0.196 (5)
H40C 0.8020 0.5227 0.1283 0.073* 0.196 (5)
H40D 0.6453 0.4816 0.0345 0.073* 0.196 (5)
C41A 0.653 (3) 0.3537 (13) 0.1184 (17) 0.060 (5) 0.196 (5)
H41C 0.7321 0.3514 0.1803 0.072%* 0.196 (5)
H41D 0.5701 0.3305 0.1322 0.072%* 0.196 (5)
C42A 0.614 (3) 0.2575 (18) 0.0147 (19) 0.110 (9) 0.196 (5)
H42D 0.6794 0.2949 -0.0141 0.164%* 0.196 (5)
H42E 0.5158 0.2336 ~0.0391 0.164%* 0.196 (5)
H42F 0.6215 0.1818 0.0305 0.164% 0.196 (5)

Atomic displacement parameters (4°)

Ull U22 (]33 U12 U13 l]ZS
o1 0.0417 (9) 0.0646 (12) 0.0406 (10) 0.0347 (9) 0.0127 (8) 0.0158 (8)
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N2 0.0399 (11) 0.0612 (14) 0.0350 (11) 0.0315 (11) 0.0121 (9) 0.0115 (10)
C3 0.0317 (11) 0.0316 (12) 0.0369 (13) 0.0185 (10) 0.0147 (10) 0.0115 (10)
c4 0.0365 (12) 0.0328 (13) 0.0393 (13) 0.0185 (10) 0.0182 (10) 0.0127 (10)
Cs 0.0438 (13) 0.0387 (14) 0.0418 (13) 0.0248 (11) 0.0201 (12) 0.0145 (11)
N6 0.0298 (10) 0.0410 (11) 0.0337 (10) 0.0218 (9) 0.0135 (9) 0.0118 (8)
S7 0.0339 (3) 0.0411 (4) 0.0370 (3) 0.0254 (3) 0.0197 (3) 0.0183 (3)
08 0.0435 (9) 0.0437 (10) 0.0609 (11) 0.0258 (8) 0.0332 (8) 0.0287 (8)
C9 0.0464 (15) 0.080 (2) 0.0410 (15) 0.0344 (15) 0.0199 (12) 0.0080 (13)
C10 0.0645 (17) 0.0577 (18) 0.0396 (14) 0.0355 (15) 0.0147 (13) 0.0140 (12)
o011 0.0404 (9) 0.0557 (11) 0.0350 (8) 0.0339 (8) 0.0172 (7) 0.0191 (7)
c12 0.0292 (11) 0.0372 (13) 0.0325 (12) 0.0211 (10) 0.0133 (9) 0.0121 (10)
C13 0.0284 (11) 0.0383 (13) 0.0394 (13) 0.0200 (10) 0.0158 (10) 0.0113 (10)
Cl4 0.0400 (13) 0.0387 (15) 0.0682 (17) 0.0228 (12) 0.0290 (13) 0.0209 (13)
C15 0.0457 (14) 0.0442 (16) 0.0774 (19) 0.0306 (13) 0.0332 (14) 0.0176 (14)
C16 0.0381 (13) 0.0493 (16) 0.0596 (16) 0.0292 (12) 0.0280 (12) 0.0151 (12)
c17 0.0337 (12) 0.0452 (15) 0.0427 (13) 0.0234 (11) 0.0211 (10) 0.0156 (11)
C18 0.0316 (11) 0.0306 (12) 0.0424 (13) 0.0185 (10) 0.0201 (10) 0.0139 (10)
C19 0.0324 (12) 0.0384 (13) 0.0409 (13) 0.0189 (10) 0.0176 (10) 0.0147 (10)
C20 0.0409 (13) 0.0451 (14) 0.0372 (13) 0.0257 (11) 0.0220 (11) 0.0185 (11)
c21 0.0365 (12) 0.0350 (13) 0.0441 (13) 0.0214 (10) 0.0249 (11) 0.0202 (10)
c22 0.0288 (11) 0.0425 (14) 0.0371 (12) 0.0203 (10) 0.0163 (10) 0.0191 (10)
C23 0.0329 (12) 0.0410 (14) 0.0379 (12) 0.0207 (10) 0.0189 (10) 0.0153 (10)
C24 0.0360 (16) 0.054 (2) 0.0436 (18) 0.0238 (14) 0.0144 (14) 0.0201 (15)
025 0.0471 (19) 0.062 (3) 0.053 (2) 0.0366 (18) 0.0268 (17) 0.0335 (19)
C26 0.060 (3) 0.049 (4) 0.057 (3) 0.027 (3) 0.028 (3) 0.025 (3)
c27 0.112 (10) 0.072 (6) 0.074 (7) 0.056 (7) 0.057 (7) 0.042 (5)
C24A 0.0360 (16) 0.054 (2) 0.0436 (18) 0.0238 (14) 0.0144 (14) 0.0201 (15)
025A 0.050 (5) 0.062 (6) 0.042 (5) 0.029 (5) 0.023 (4) 0.029 (4)
C26A 0.052 (8) 0.054 (7) 0.070 (9) 0.028 (7) 0.027 (7) 0.019 (6)
C27A 0.10 (3) 0.071 (15) 0.08 (2) 0.00 (2) 0.018 (18) 0.038 (17)
C24B 0.040 (7) 0.057 (8) 0.055 (8) 0.030 (7) 0.028 (6) 0.021 (6)
025B 0.052 (6) 0.063 (6) 0.061 (6) 0.022 (5) 0.028 (5) ~0.003 (5)
C26B 0.081 (13) 0.100 (18) 0.056 (10) 0.045 (13) 0.026 (11) ~0.009 (11)
C27B 0.102 (18) 0.13 (3) 0.058 (18) 0.05 (2) 0.046 (16) ~0.015 (17)
C28 0.0438 (13) 0.0577 (16) 0.0488 (14) 0.0345 (12) 0.0319 (12) 0.0314 (12)
N29 0.0428 (11) 0.0412 (12) 0.0424 (11) 0.0239 (9) 0.0287 (9) 0.0198 (9)
C30 0.0374 (12) 0.0419 (15) 0.0456 (14) 0.0253 (11) 0.0251 (11) 0.0185 (12)
C31 0.0663 (17) 0.0475 (16) 0.0544 (16) 0.0304 (14) 0.0410 (14) 0.0260 (13)
N32 0.0764 (16) 0.0533 (15) 0.0528 (13) 0.0270 (12) 0.0441 (12) 0.0176 (11)
C33 0.0554 (15) 0.0426 (15) 0.0570 (16) 0.0243 (13) 0.0385 (13) 0.0173 (12)
C34 0.088 (5) 0.078 (6) 0.061 (6) 0.046 (5) 0.022 (5) 0.037 (5)
C35 0.141 (7) 0.072 (5) 0.088 (6) 0.068 (5) 0.064 (5) 0.052 (4)
C36 0.122 (8) 0.097 (7) 0.154 (11) 0.037 (6) 0.071 (8) 0.086 (7)
C37 0.087 (4) 0.053 (4) 0.067 (7) 0.033 (4) 0.067 (5) 0.032 (4)
C34A 0.088 (6) 0.060 (7) 0.051 (7) 0.038 (6) 0.034 (6) 0.028 (5)
C35A 0.098 (7) 0.085 (8) 0.109 (9) 0.019 (6) 0.041 (7) 0.062 (7)
C36A 0.098 (6) 0.052 (5) 0.049 (5) 0.028 (4) 0.046 (4) 0.023 (3)
C37A 0.093 (5) 0.060 (6) 0.052 (7) 0.027 (4) 0.056 (5) 0.022 (4)
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038 0.0614 (11) 0.0445 (11) 0.0570 (11) 0.0263 (9) 0.0320 (9) 0.0144 (9)
C39 0.073 (2) 0.0480 (18) 0.086 (2) 0.0241 (16) 0.0522 (18) 0.0228 (15)
C40 0.0466 (19) 0.047 (2) 0.055 (2) 0.0208 (16) 0.0263 (17) 0.0176 (16)
c41 0.069 (3) 0.056 (2) 0.083 (3) 0.037 (2) 0.047 (2) 0.033 (2)
c42 0.083 (4) 0.060 (4) 0.103 (5) 0.028 (4) 0.036 (4) ~0.003 (3)
C39A 0.073 (2) 0.0480 (18) 0.086 (2) 0.0241 (16) 0.0522 (18) 0.0228 (15)
C40A 0.059 (8) 0.042 (7) 0.085 (10) 0.027 (6) 0.037 (7) 0.011 (6)
C41A 0.073 (11) 0.058 (8) 0.057 (11) 0.036 (10) 0.029 (10) 0.027 (8)
C42A 0.093 (15) 0.072 (12) 0.127 (19) 0.032 (13) 0.044 (16) ~0.029 (12)

Geometric parameters (A, ©)

01—C5 1.349 (3) C26B—C27B 1.486 (15)
01—N2 1.419 (2) C26B—H26E 0.9900
N2—C3 1.302 (3) C26B—H26F 0.9900
C3—N6 1.390 (3) C27B—H27G 0.9800
C3—C4 1.418 (3) C27B—H27H 0.9800
C4—C5 1.350 (3) C27B—H271 0.9800
C4—C9 1.481 (3) C28—N29 1.451 (3)
C5—C10 1.484 (3) C28—H28A 0.9900
N6—S7 1.626 (2) C28—H28B 0.9900
N6—H6 0.875 (10) N29—C30 1.362 (3)
S7—08 1.4221 (16) N29—C33 1.399 (3)
$7—0l1 1.4334 (15) C30—038 1.209 (3)
S7—C12 1.766 (2) C30—C31 1.510 3)
C9—H9A 0.9800 C31—N32 1.448 (3)
C9—H9B 0.9800 C31—C37 1.537 (6)
C9—H9C 0.9800 C31—C37A 1.538 (7)
C10—H10A 0.9800 C31—C34A 1.540 (7)
C10—H10B 0.9800 C31—C34 1.549 (6)
C10—H10C 0.9800 N32—C33 1.266 (3)
Cl12—C17 1.395 (3) C33—C39 1.489 (4)
Cl2—C13 1.399 (3) C33—C39A 1.492 (8)
C13—Cl4 1.391 (3) C34—C35 1.528 (7)
C13—C18 1.489 (3) C34—H34A 0.9900
Cl4—Cl5 1.379 3) C34—H34B 0.9900
Cl4—H14 0.9500 C35—C36 1.522 (7)
C15—Cl6 1.376 3) C35—H35A 0.9900
C15—H15 0.9500 C35—H35B 0.9900
Cl16—C17 1.376 3) C36—C37 1.510 (6)
Cl6—H16 0.9500 C36—H36A 0.9900
C17—H17 0.9500 C36—H36B 0.9900
C18—C23 1.392 (3) C37—H37A 0.9900
C18—C19 1.397 3) C37—H37B 0.9900
C19—C20 1.387 (3) C34A—C35A 1.504 (12)
C19—C24 1.534 (4) C34A—H34C 0.9900
C19—C24A 1.544 (8) C34A—H34D 0.9900
C19—H19 0.9500 C35A—C36A 1.518 (12)
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supporting information

C20—C21
C20—H20
C21—C22
C21—C28
C22—C23
C22—H22
C23—C24B
C23—H23
C24—025
C24—H24A
C24—H24B
025—C26
C26—C27
C26—H26A
C26—H26B
C27—H27A
C27—H27B
C27—H27C
C24A—025A
C24A—H24C
C24A—H24D
025A—C26A
C26A—C27A
C26A—H26C
C26A—H26D
C27A—H27D
C27A—H27E
C27A—H27F
C24B—O025B
C24B—H24E
C24B—H24F
025B—C26B

C5—01—N2
C3—N2—O01
N2—C3—N6
N2—C3—C4
N6—C3—C4
C5—C4—C3
C5—C4—C9
C3—C4—C9
01—C5—C4
01—C5—C10
C4—C5—C10
C3—N6—S7
C3—N6—H6
S7—N6—H6
08—S7—011

1.383 (3)
0.9500
1.384 (3)
1.505 (3)
1.376 (3)
0.9500
1.568 (8)
0.9500
1.422 (7)
0.9900
0.9900
1.418 (5)
1.489 (13)
0.9900
0.9900
0.9800
0.9800
0.9800
1.428 (9)
0.9900
0.9900
1.422 (8)
1.487 (16)
0.9900
0.9900
0.9800
0.9800
0.9800
1.427 (8)
0.9900
0.9900
1.422 (9)

109.03 (16)
103.49 (18)
120.7 (2)
114.27 (19)
125.0 (2)
102.7 (2)
129.1 (2)
128.1 (2)
110.5 (2)
116.2 (2)
133.3 (2)
125.38 (16)
119.6 (17)
113.7 (17)
118.46 (9)

C35A—H35C
C35A—H35D
C36A—C37A
C36A—H36C
C36A—H36D
C37A—H37C
C37A—H37D
C39—C40
C39—H39A
C39—H39B
C40—C41
C40—H40A
C40—H40B
C41—C42
C41—H41A
C41—H41B
C42—H42A
C42—H42B
C42—H42C
C39A—C40A
C39A—H39C
C39A—H39D
C40A—C41A
C40A—H40C
C40A—H40D
C41A—C42A
C41A—H41C
C41A—H41D
C42A—H42D
C42A—H42E
C42A—H42F

C26B—C27B—H271
H27G—C27B—H271
H27H—C27B—H271
N29—C28—C21
N29—C28—H28A
C21—C28—H28A
N29—C28—H28B
C21—C28—H28B
H28A—C28—H28B
C30—N29—C33
C30—N29—C28
C33—N29—C28
038—C30—N29
038—C30—C31
N29—C30—C31

0.9900
0.9900
1.486 (11)
0.9900
0.9900
0.9900
0.9900
1.447 (7)
0.9900
0.9900
1.535 (4)
0.9900
0.9900
1.512 (6)
0.9900
0.9900
0.9800
0.9800
0.9800
1.435 (10)
0.9900
0.9900
1.529 (10)
0.9900
0.9900
1.516 (11)
0.9900
0.9900
0.9800
0.9800
0.9800

109.5
109.5

109.5
115.00 (17)
108.5

108.5

108.5

108.5

107.5
107.80 (18)
123.1 (2)
129.1 (2)
125.7 (2)
129.0 (2)
105.3 (2)
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supporting information

08—S7—N6 109.65 (10) N32—C31—C30 104.82 (18)
O11—S7—N6 103.87 (9) N32—C31—C37 111.0 (5)
08—S7—C12 107.07 (10) C30—C31—C37 117.0 (6)
O11—S7—C12 109.99 (10) N32—C31—C37A 115.5(7)
N6—S7—C12 107.35 (10) C30—C31—C37A 103.0 (8)
C4—C9—H9A 109.5 N32—C31—C34A 118.9 (8)
C4—C9—H9B 109.5 C30—C31—C34A 108.1 (9)
H9A—C9—HO9B 109.5 C37A—C31—C34A 105.2 (7)
C4—C9—HOC 109.5 N32—C31—C34 108.5 (5)
H9A—C9—HOC 109.5 C30—C31—C34 113.1(7)
H9B—C9—H9C 109.5 C37—C31—C34 102.4 (5)
C5—C10—H10A 109.5 C33—N32—C31 107.6 (2)
C5—C10—H10B 109.5 N32—C33—N29 114.5 (2)
HI10A—C10—H10B 109.5 N32—C33—C39 123.9 (3)
C5—C10—H10C 109.5 N29—C33—C39 121.6 (3)
HI0A—C10—H10C 109.5 N32—C33—C39A 126.3 (10)
H10B—C10—H10C 109.5 N29—C33—C39A 119.2 (9)
C17—C12—C13 121.1 (2) C35—C34—C31 102.3 (5)
C17—C12—S7 115.07 (17) C35—C34—H34A 111.3
C13—C12—S7 123.78 (17) C31—C34—H34A 111.3
C14—C13—C12 116.9 (2) C35—C34—H34B 111.3
C14—C13—C18 119.4 (2) C31—C34—H34B 111.3
C12—C13—C18 123.65 (19) H34A—C34—H34B 109.2
C15—C14—C13 121.7 (2) C36—C35—C34 103.6 (6)
C15—C14—H14 119.1 C36—C35—H35A 111.0
C13—C14—H14 119.1 C34—C35—H35A 111.0
Cl6—C15—C14 120.6 (2) C36—C35—H35B 111.0
Cl16—C15—H15 119.7 C34—C35—H35B 111.0
C14—C15—H15 119.7 H35A—C35—H35B 109.0
C15—C16—C17 119.3 (2) C37—C36—C35 107.9 (5)
C15—C16—H16 120.4 C37—C36—H36A 110.1
C17—C16—H16 120.4 C35—C36—H36A 110.1
Cl16—C17—C12 120.2 (2) C37—C36—H36B 110.1
Cl6—C17—H17 119.9 C35—C36—H36B 110.1
C12—C17—H17 119.9 H36A—C36—H36B 108.4
C23—C18—C19 118.8 (2) C36—C37—C31 105.6 (5)
C23—C18—C13 118.55 (19) C36—C37—H37A 110.6
C19—C18—C13 122.58 (18) C31—C37—H37A 110.6
C20—C19—C18 119.12 (19) C36—C37—H37B 110.6
C20—C19—C24 117.3 (5) C31—C37—H37B 110.6
C18—C19—C24 123.5 (5) H37A—C37—H37B 108.8
C20—C19—C24A 120.0 (12) C35A—C34A—C31 107.8 (8)
C18—C19—C24A 120.8 (12) C35A—C34A—H34C 110.2
C20—C19—H19 120.4 C31—C34A—H34C 110.2
C18—C19—H19 120.4 C35A—C34A—H34D 110.2
C21—C20—C19 122.1 (2) C31—C34A—H34D 110.2
C21—C20—H20 119.0 H34C—C34A—H34D 108.5
C19—C20—H20 119.0 C34A—C35A—C36A 103.0 (9)
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supporting information

C20—C21—C22 118.2 (2) C34A—C35A—H35C 111.2
C20—C21—C28 124.2 (2) C36A—C35A—H35C 111.2
C22—C21—C28 117.64 (18) C34A—C35A—H35D 111.2
C23—C22—C21 120.88 (19) C36A—C35A—H35D 111.2
C23—C22—H22 119.6 H35C—C35A—H35D 109.1
C21—C22—H22 119.6 C37A—C36A—C35A 106.5 (8)
C22—C23—C18 120.9 (2) C37A—C36A—H36C 110.4
C22—C23—C24B 118.0 (5) C35A—C36A—H36C 110.4
C18—C23—C24B 119.7 (5) C37A—C36A—H36D 110.4
C22—C23—H23 119.5 C35A—C36A—H36D 110.4
C18—C23—H23 119.5 H36C—C36A—H36D 108.6
025—C24—C19 113.6 (5) C36A—C37A—C31 105.1 (8)
025—C24—H24A 108.8 C36A—C37A—H37C 110.7
C19—C24—H24A 108.8 C31—C37A—H37C 110.7
025—C24—H24B 108.8 C36A—C37A—H37D 110.7
C19—C24—H24B 108.8 C31—C37A—H37D 110.7
H24A—C24—H24B 107.7 H37C—C37A—H37D 108.8
C26—025—C24 114.4 (6) C40—C39—C33 114.8 (4)
025—C26—C27 108.4 (9) C40—C39—H39A 108.6
025—C26—H26A 110.0 C33—C39—H39A 108.6
C27—C26—H26A 110.0 C40—C39—H39B 108.6
025—C26—H26B 110.0 C33—C39—H39B 108.6
C27—C26—H26B 110.0 H39A—C39—H39B 107.5
H26A—C26—H26B 108.4 C39—C40—C41 113.9 (3)
C26—C27—H27A 109.5 C39—C40—H40A 108.8
C26—C27—H27B 109.5 C41—C40—H40A 108.8
H27A—C27—H27B 109.5 C39—C40—H40B 108.8
C26—C27—H27C 109.5 C41—C40—H40B 108.8
H27A—C27—H27C 109.5 H40A—C40—H40B 107.7
H27B—C27—H27C 109.5 C42—C41—C40 113.1 (4)
025A—C24A—C19 112.0 (8) C42—C41—H41A 109.0
025A—C24A—H24C 109.2 C40—C41—H41A 109.0
C19—C24A—H24C 109.2 C42—C41—H41B 109.0
025A—C24A—H24D 109.2 C40—C41—H41B 109.0
C19—C24A—H24D 109.2 H41A—C41—H41B 107.8
H24C—C24A—H24D 107.9 C41—C42—H42A 109.5
C26A—O025A—C24A 112.7 (13) C41—C42—H42B 109.5
025A—C26A—C27A 108.8 (16) H42A—C42—H42B 109.5
025A—C26A—H26C 109.9 C41—C42—H42C 109.5
C27A—C26A—H26C 109.9 H42A—C42—H42C 109.5
025A—C26A—H26D 109.9 H42B—C42—H42C 109.5
C27A—C26A—H26D 109.9 C40A—C39A—C33 119.7 (10)
H26C—C26A—H26D 108.3 C40A—C39A—H39C 107.4
C26A—C27A—H27D 109.5 C33—C39A—H39C 107.4
C26A—C27A—H27E 109.5 C40A—C39A—H39D 107.4
H27D—C27A—H27E 109.5 C33—C39A—H39D 107.4
C26A—C27A—H27F 109.5 H39C—C39A—H39D 106.9
H27D—C27A—H27F 109.5 C39A—C40A—C41A 119.2 (11)
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supporting information

H27E—C27A—H27F
025B—C24B—C23
025B—C24B—H24E
C23—C24B—H24E
025B—C24B—H24F
C23—C24B—H24F
H24E—C24B—H24F
C26B—025B—C24B
025B—C26B—C27B
025B—C26B—H26E
C27B—C26B—H26E
025B—C26B—H26F
C27B—C26B—H26F
H26E—C26B—H26F
C26B—C27B—H27G
C26B—C27B—H27H
H27G—C27B—H27H

C5—01—N2—C3
O1—N2—C3—N6
O1—N2—C3—C4
N2—C3—C4—C5
N6—C3—C4—C5
N2—C3—C4—C9
N6—C3—C4—C9
N2—01—C5—C4
N2—01—C5—C10
C3—C4—C5—01
C9—C4—C5—01
C3—C4—C5—C10
C9—C4—C5—C10
N2—C3—N6—S7
C4—C3—N6—S7
C3—N6—S7—08
C3—N6—S7—O011
C3—N6—S7—Cl12
08—S7—C12—C17
011—S7—C12—C17
N6—S7—C12—C17
08—S7—C12—C13
011—S7—C12—C13
N6—S7—C12—C13
C17—C12—C13—C14
S7—C12—C13—Cl14
C17—C12—C13—C18
S7—C12—C13—C18
C12—C13—C14—C15
C18—C13—C14—C15

109.5
113.4 (8)
108.9
108.9
108.9
108.9
107.7
114.6 (12)
109.3 (15)
109.8
109.8
109.8
109.8
108.3
109.5
109.5
109.5

0.4 (2)
~179.66 (18)
0.9 (2)

-1.0 3)
179.5 (2)
~179.7 (2)
0.9 (4)

0.2 (3)
178.92 (19)
0.7 (2)

179.3 (2)
-178.2 (3)
0.4 (4)
3.2(3)
~177.40 (17)
55.5(2)
~176.99 (18)
~60.5 (2)
21.51 (19)
~108.44 (17)
139.18 (16)
~159.41 (17)
70.64 (19)
~41.7 ()
-32(3)
177.76 (17)
173.3 (2)
-5.7(3)
3.8(3)
~172.9 (2)

C39A—C40A—H40C
C41A—C40A—H40C
C39A—C40A—H40D
C41A—C40A—H40D
H40C—C40A—H40D
C42A—C41A—C40A
C42A—C41A—H41C
C40A—C41A—H41C
C42A—C41A—H41D
C40A—C41A—H41D
H41C—C41A—H41D
C41A—C42A—H42D
C41A—C42A—H42E
H42D—C42A—HA42E
C41A—C42A—H42F
H42D—C42A—HA42F
H42E—C42A—HA42F

C18—C19—C24A—025A
C19—C24A—025A—C26A
C24A—025A—C26A—C27A
C22—C23—C24B—O025B
C18—C23—C24B—O025B
C23—C24B—025B—C26B
C24B—025B—C26B—C27B

C20—C21—C28—N29
C22—C21—C28—N29
C21—C28—N29—C30
C21—C28—N29—C33
C33—N29—C30—038
C28—N29—C30—038
C33—N29—C30—C31
C28—N29—C30—C31
038—C30—C31—N32
N29—C30—C31—N32
N29—C30—C31—C37

038—C30—C31—C37A
N29—C30—C31—C37A
038—C30—C31—C34A
N29—C30—C31—C34A

N29—C30—C31—C34
C30—C31—N32—C33
C37—C31—N32—C33

C37A—C31—N32—C33
C34A—C31—N32—C33

C34—C31—N32—C33
C31—N32—C33—N29
C31—N32—C33—C39

107.5
107.5
107.5
107.5
107.0
111.7 (13)
109.3
109.3
109.3
109.3
107.9
109.5
109.5
109.5
109.5
109.5
109.5

1302 (17)
~74 (2)
176 (3)
95.0 (9)
~71.6 (10)
174.6 (11)
~86 (3)
14.6 (3)
~166.5 (2)
89.5 (3)
-88.9 (3)
179.8 (2)
1.1 (3)
~1.1(2)
~179.75 (19)
~179.8 (2)
1.1(2)
~122.2 (4)
59.0 (7)
~120.1 (6)
~52.0 (6)
128.9 (6)
119.2 (4)
-0.7(3)
126.4 (6)
111.8 (8)
~121.6 (8)
~121.9 (7)
0.1 (3)
~178.1 (4)
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supporting information

C13—C14—C15—C16 -1.2(4) C31—N32—C33—C39A 176.5 (13)
Cl14—C15—C16—C17 -2.0(4) C30—N29—C33—N32 0.6 (3)
C15—C16—C17—C12 2.6 (4) C28—N29—C33—N32 179.2 (2)
C13—C12—C17—C16 0.1 (3) C30—N29—C33—C39 178.9 (3)
S7—C12—C17—C16 179.19 (18) C28—N29—C33—C39 -2.5(5)
C14—C13—C18—C23 106.7 (2) C30—N29—C33—C39A —176.0 (13)
C12—C13—C18—C23 —69.7 (3) C28—N29—C33—C39A 2.6 (13)
C14—C13—C18—C19 —69.9 (3) N32—C31—C34—C35 —159.5 (8)
C12—C13—C18—C19 113.7(2) C30—C31—C34—C35 84.6 (10)
C23—C18—C19—C20 2.9@3) C37—C31—C34—C35 —42.1 (13)
C13—C18—C19—C20 179.5 (2) C31—C34—C35—C36 38.6 (16)
C23—C18—C19—C24 -174.2 (3) C34—C35—C36—C37 —20.6 (16)
C13—C18—C19—C24 24 4) C35—C36—C37—C31 -5.8 (14)
C23—C18—C19—C24A —173.9 (8) N32—C31—C37—C36 145.1 (8)
C13—C18—C19—C24A 2.7(9) C30—C31—C37—C36 —94.7 (8)
C18—C19—C20—C21 -2.2(3) C34—C31—C37—C36 29.5 (11)
C24—C19—C20—C21 175.1 (4) N32—C31—C34A—C35A —125.5(15)
C24A—C19—C20—C21 174.6 (9) C30—C31—C34A—C35A 115.3 (16)
C19—C20—C21—C22 0.3(3) C37A—C31—C34A—C35A 6(2)
C19—C20—C21—C28 179.3 (2) C31—C34A—C35A—C36A -25(2)
C20—C21—C22—C23 0.8 (3) C34A—C35A—C36A—C37A 36 (2)
C28—C21—C22—C23 -178.2 (2) C35A—C36A—C37A—C31 —32.4 (14)
C21—C22—C23—C18 -0.1 (3) N32—C31—C37A—C36A 149.4 (8)
C21—C22—C23—C24B —166.5 (5) C30—C31—C37A—C36A —97.0 (10)
C19—C18—C23—C22 -1.8(3) C34A—C31—C37A—C36A 16.1 (16)
C13—C18—C23—C22 -178.5(2) N32—C33—C39—C40 97.0 (5)
C19—C18—C23—C24B 164.4 (5) N29—C33—C39—C40 —81.1 (5)
C13—C18—C23—C24B —12.3 (6) C33—C39—C40—C41 —178.9 (4)
C20—C19—C24—025 -91.0 (9) C39—C40—C41—C42 67.0 (5)
C18—C19—C24—025 86.1 (7) N32—C33—C39A—C40A 41 (3)
C19—C24—025—C26 75.1 (10) N29—C33—C39A—C40A —143.0 (19)
C24—025—C26—C27 —179.8 (9) C33—C39A—C40A—C41A 166 (2)
C20—C19—C24A—025A —47 (2) C39A—C40A—C41A—C42A 155 (2)
Hydrogen-bond geometry (4, °)

D—H-4 D—H H-4 DA D—H-4
N6—H6:-011! 0.88 (1) 2.12 (1) 2.951(2) 159 (2)
C28—H284--038t 0.99 2.40 3.318 (3) 153
C28—H28B--08! 0.99 2.46 3.265 (3) 138

Symmetry codes: (i) —x+1, —y+1, —z+1; (ii) —x+2, —y+2, —z+1.
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