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Abstract
8-Nitrobenzo-1,3-thiazin-4-ones	(BTZs)	are	a	promising	class	of	antitubercular	agents	with	a	novel	mechanism	of	action,	
viz.	suicide	inhibition	of	decaprenylphosphoryl-β-D-ribose	2’-epimerase	1	(DprE1),	an	enzyme	crucial	for	cell	wall	syn-
thesis in the pathogen Mycobacterium tuberculosis.	8-Nitro-2-(piperidin-1-yl)-6-(trifluoromethyl)-4H-benzo-1,3-thiazin-4-
one (1)	 is	a	chemically	simplified	analogue	of	 the	anti-tuberculosis	phase	2	clinical	drug	candidate	BTZ-043.	Structural	
elucidation of 1	 in	 the	 solid-state	has	been	carried	out	by	X-ray	crystallography	and	 two	polymorphic	 forms	of	1 have 
been revealed. 1-I crystallizes in the triclinic system (space group P-1, Z	=	6)	with	one	molecule	exhibiting	whole-molecule	
disorder	with	a	preferred	orientation.	The	crystal	structure	of	1-II belongs to the tetragonal system (space group P43, Z = 4) 
and exhibits positional disorder in several parts of the molecule.

Graphical Abstract

X-ray crystallography revealed a triclinic (space group P-1, Z = 6) and a tetragonal (space group P43, Z = 4) polymorph of 
the	antimycobacterial	agent	8-nitro-2-(piperidin-1-yl)-6-(trifluoromethyl)-4H-benzo-1,3-thiazin-4-one
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Introduction

Tuberculosis (TB) continues to be a global public health 
issue. TB is a debilitating infectious disease caused by 
Mycobacterium tuberculosis [1],	 which	 primarily	 affects	
the lungs but can also manifest as extrapulmonary disease 
[2]. According to the World Health Organization (WHO), 
an	estimated	10.6	million	people	fell	ill	with	and	a	total	of	
approximately 1.3 million died of TB in 2022 [3].	Especially	
drug-resistant TB has become a global health concern and 
a	particular	threat	in	certain	regions	of	the	world	[4, 5]. In 
the 2024 Bacterial Priority Pathogens List update, the WHO 
newly	 included	 rifampicin-resistant	M. tuberculosis in the 
critical	group	because	of	 the	pathogen’s	ability	 to	 transfer	
resistance genes, the severity of the disease caused and the 
significant	global	burden	[6]. This underscores the critical 
need	for	new	antibiotics	with	novel	mechanisms	of	action	to	
combat drug-resistant TB [7–13].

8-Nitrobenzo-1,3-thiazin-4-ones (BTZs) have been iden-
tified	as	potent	antitubercular	agents	in	a	seminal	work	by	
Makarov et al. [14]. BTZs block the mycobacterial cell 
wall	 synthesis	 through	 covalently	 binding	 to	 the	 enzyme	
decaprenylphosphoryl-β-d-ribose	 2’-epimerase	 1	 (DprE1)	
[15] after reduction to the 8-nitroso form (mechanism-
based inhibition) [16]. An up-to-date perspective on this 
compound class has been published recently [17]. The most 
advanced candidate, namely BTZ-043 (Fig. 1), is pres-
ently being investigated in phase 2 clinical studies [18]. 
Compound 1 (Fig. 1)	 represents	 a	 chemically	 simplified	
analogue	of	BTZ-043,	in	which	the	(S)-2-methyl-1,4-dioxa-
8-azaspiro[4.5]decan-8-yl side chain appended to position 
2	of	 the	BTZ	 scaffold	 is	 replaced	by	 a	 piperidinyl	 group.	
The	lack	of	the	spiroketal	moiety,	however,	reduces	the	in	
vitro activity against M. tuberculosis and other mycobacte-
ria. Nonetheless, 1 remains a potent antimycobacterial agent 
with	a	minimum	inhibitory	concentration	against	M. tuber-
culosis at the micromolar level [19–23].

As	 far	 as	 we	 are	 able	 to	 ascertain,	 compound	 1	 was	
reported	for	the	first	time	by	Gao	et	al.	in	2013,	in	the	course	
of a structure-activity-relationships (SAR) study on antitu-
bercular BTZs [21].	 In	 a	 recent	 perspective,	we	 reviewed	
various methods for the synthesis of 1 [17]. Apart from the 
synthesis	and	antimycobacterial	evaluation,	we	also	inves-
tigated the chemical reactivity of 1	towards	oxidizing	[24] 
and reducing agents [19, 22], in addition to the Grignard 
reagent methylmagnesium bromide [19].	 Recently,	 we	
structurally characterized the azoxy derivative of 1 [25]. To 
the	best	of	our	knowledge	and	based	on	a	search	of	the	Cam-
bridge	Structural	Datase	(CSD)	[26], the crystal and molec-
ular structure of 1	 has	 not	 been	 unveiled	 so	 far.	Here	we	
report the structural elucidation of 1 by X-crystallography, 
which	has	so	far	proved	elusive.

Experimental

Synthesis and Crystallization

Compound 1	was	synthesized	 following	one	of	 the	previ-
ously reported procedures [20]. An ATR-FT-IR spectrum of 
1 as synthesized can be found in the supplementary mate-
rial. Crystals of 1-I	 suitable	 for	 single-crystal	 diffraction	
were	obtained	by	diffusing	heptane	into	a	solution	of	1 in 
chloroform and those of 1-II	by	diffusing	hexane	into	a	solu-
tion of 1 in ethanol.

X-Ray Crystallography

The	 diffraction	 data	 were	 measured	 on	 a	 Bruker	 AXS	
Kappa	 diffractometer	 equipped	 with	 an	Apex	 II	 detector	
for 1-I,	 and	 on	 a	 Bruker	AXS	D8	Venture	 diffractometer	
with	a	Photon	 III	detector	 for	1-II. Mo Kα radiation from 
an	Incoatec	IµS	microfocus	X-ray	source	with	Montel	mul-
tilayer	optics	was	used	in	both	cases.	The	APEX5	software	

Fig. 1 Chemical diagrams of the 
antitubercular benzothiazinones 
BTZ-043 and 1	(with	systematic	
numbering	of	the	BTZ	scaffold)	
and their minimum inhibitory 
concentrations (MICs) against M. 
tuberculosis H37Rv [20]
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[27]	was	used	 to	control	 the	data	collections,	and	 the	dif-
fraction	data	were	processed	with	SAINT	[28]. Absorption 
corrections	based	on	the	Gaussian	method	were	carried	out	
with	SADABS	[29].	The	crystal	structures	were	solved	with	
SHELXT	 [30]	 and	 refined	with	 SHELXL	 [31]. Anisotro-
pic	 atomic	 displacement	 parameters	 (ADPs)	 were	 intro-
duced for all non-hydrogen atoms, except for the minor part 
of the fully disordered molecule in 1-I.	 Disordered	 parts	
in 1-I and 1-II	were	modelled	with	 the	aid	of	 appropriate	
geometric	 restraints	 as	well	 as	 restraints	or	 constraints	on	
ADPs	(see	supplementary	crystallographic	data).	Hydrogen	
atoms	were	placed	in	geometrically	calculated	positions	and	
refined	 using	 the	 appropriate	 riding	 model.	 The	 absolute	
structure of 1-II	was	established	from	anomalous	dispersion	
using	Parsons’	quotient	method	[32], resulting in a Flack x 
parameter	 of	 0.02(2).	 Structure	 pictures	were	 drawn	with	
Diamond	[33] and Mercury [34]. Table 1 lists crystal data 
and	refinement	details	for	1-I and 1-II.

Computational Methods

Density	 functional	 theory	 (DFT)	 calculations	 on	 the	 free	
molecule of 1	were	performed	starting	from	the	molecular	
structure	 of	 unique	molecule	 1	 in	 the	 crystal	 structure	 of	
1-I using ORCA 6.0 [35]	with	a	B3LYP/G	(VWN1)	hybrid	
functional [36, 37]	(20%	HF	exchange)	and	a	def2-TZVPP	
basis set [38]	with	an	auxiliary	def2/J	basis	[39]. Optimiza-
tion of the structure used the BFGS method from an initial 

Hessian	according	to	Almlöf’s	model	with	a	very	tight	self-
consistent	field	convergence	threshold	[40]. The optimized 
local minimum-energy structures exhibited only positive 
modes.	 The	 calculated	 IR	 spectrum	 was	 scaled	 by	 0.96	
(empirical	fit)	[41].	Structure	pictures	were	drawn	with	Dia-
mond [33] and Mercury [34]. Cartesian coordinates of the 
DFT-calculated	molecular	structure	of	1 can be found in the 
Supporting Information.

Results

Crystal Structure of 1-I

The triclinic form 1-I crystallizes in the centrosymmet-
ric space group P-1	with	 the	 asymmetric	 unit	 comprising	
three molecules (Z’	 =	 3).	 Several	 crystal	 specimens	were	
investigated	by	single-crystal	X-ray	diffraction	at	different	
temperatures.	The	best	 diffraction	dataset	was	 acquired	 at	
200	K,	but	we	note	that	no	phase	change	was	observed	upon	
cooling	to	100	K.	The	diffraction	images	show	the	presence	
of	alternating	strong	and	weak	reflections	(Fig.	2).

Figure 3a	shows	the	asymmetric	unit	of	1-I, and Fig. 2b-d 
shows	 the	molecular	structures	of	 the	corresponding	 three	
crystallographically	unique	molecules	(labelled	1–3).	Mol-
ecule	 2	 exhibits	 whole-molecule	 disorder	 over	 two	 posi-
tions.	The	ratio	of	occupancies	refined	to	0.832(3):0.168(3).	
The	benzothiazinone	scaffolds	in	molecules	1–3	show	some	

1-I 1-II
Empirical	formula C14H12F3N3O3S C14H12F3N3O3S
Mr 359.33 359.33
T (K) 200(2) 100(2)
Crystal system, space group Triclinic, P-1 Tetragonal, P43
a (Å) 11.4394(5) 10.3270(4)
b (Å) 11.4703(5) 10.3270(4)
c (Å) 17.3113(7) 13.8596(8)
α (°) 87.411(2) 90
β (°) 81.367(2) 90
γ (°) 84.321(2) 90
V (Å3) 2233.65(17) 1478.08(14)
Z, ρcalc (g cm-3) 6, 1.603 4, 1.615
µ (mm-1) 0.272 0.274
F(000) 1104 736
Crystal size (mm) 0.087 × 0.047 × 0.026 0.220 × 0.081 × 0.043
θ range (°) 1.190–28.375 2.460–30.536
Reflections	collected	/	unique 62,482	/	11,144 173,431	/	4384
Rint 0.0637 0.0615
Observed	reflections	[I > 2σ(I)] 5925 3920
Data	/	restraints	/	parameters 11,144	/	446	/	756 4384	/	278	/	292
Goodness-of-fit	on	F2 1.011 1.091
R1 [I > 2σ(I)] 0.0759 0.0481
wR2 (all data) 0.2298 0.1188
Δρmax, Δρmin (eÅ-3) 0.455	/	−0.419 0.319,	−0.374

Table 1	 Crystal	data	and	refine-
ment details for 1-I and 1-II
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In the crystal, the molecules stack along a 43	screw	axis	
(left-handed) parallel to the crystallographic c axis direc-
tion, passing approximately through the centres of the 
thiazine six-membered rings (Fig. 6a). Thus, adjacent mole-
cules	within	a	stack	are	rotated	by	90°.	Figure	6b depicts the 
crystal packing of 1-II, revealing the columnar arrangement 
of the stacks parallel to the c axis direction. There are no 
unexpectedly short intermolecular contacts in the structure.

Density Functional Theory (DFT) Study of 1

The structure of the free molecule of 1	was	optimized	by	
DFT	calculations.	Figure	7 depicts the resulting calculated 
molecular	 structure.	 The	 benzothiazinone	 scaffold	 is	 not	
entirely planar, but the thiazinone moiety is slightly boat-
shaped.	The	angle	between	the	mean	plane	through	S1,	C2,	
N3 and C4 and the mean plane through the benzene ring is 
7.6°. The plane of the nitro group is tilted out of the latter 
plane by 6.9°. The S1⋅⋅⋅O2	distance	is	2.60	Å	and	the	C8A−
S1⋅⋅⋅O2 angle is 177.2°. The coordination at N2 is virtually 
planar and the piperidinyl ring adopts a chair conformation 
with	 minor	 angular	 deviations	 from	 the	 ideal	 tetrahedral	
value.

Discussion

Structural insight and an understanding of solid-state char-
acteristics, such as the existence of polymorphic crystal 
forms, of pharmaceutically relevant compounds is important 
for their successful development [42]. Polymorphs I and II 
of the antitubercular BTZ 1 crystallized at room tempera-
ture	from	different	solvent	systems.	Solvent-dependence	of	
polymorphic	crystallization	is	well	known	[43]. X-ray crys-
tallography revealed the crystal structures of forms 1-I and 
1-II.

The	diffraction	data	for	the	triclinic	1-I	were	indexed	in	
the superstructure (V = 2234 Å3)	with	Z	=	6,	which	is	based	
on	both	main	and	weak	reflections	(Fig.	2). This led to the 
refinement	model	 described	 above,	 with	 three	 symmetry-
independent molecules (Z’ = 3) in the space group P-1 and 
with	occupational	modulation	 [44] of the fully disordered 
unique	molecule	2	(Fig.	3).	 Ignoring	the	weak	reflections,	
a	 triclinic	 unit	 cell	with	 half	 of	 the	 volume	 of	 the	 super-
cell (V = 1117 Å3) and Z = 3 results. Accordingly, the asym-
metric	 unit	 then	 contains	 two	molecules,	 of	which	 one	 is	
disordered about a centre of symmetry and thus has a site 
occupancy	factor	of	0.5	for	each	orientation	(resulting	in	Z’	
=	1.5).	Although	this	model	also	refined	well,	we	chose	the	
superstructure	taking	the	weak	reflections	into	account	for	
the	final	refinement.	In	the	small	unit	cell,	the	ratio	of	occu-
pancies of the molecule disordered about an inversion centre 

deviation from planarity. A slight boat shape of the thiazi-
none	moiety	is	most	apparent	in	molecules	1	and	3.	The	−CF3 
group	 in	molecule	3	 exhibits	 rotational	 disorder	 over	 two	
positions	with	a	ratio	of	occupancies	of	0.593(5):0.407(5).	
The piperidinyl ring adopts a chair conformation in each 
case.

Figure 4 illustrates the crystal packing of 1-I.	As	shown	
in Fig. 3a,	unique	molecules	1	and	3	form	antiparallel	cen-
trosymmetric	stacks	each	with	a	symmetry-related	molecule	
about	a	centre	of	symmetry.	Unique	molecule	2	is	rotated	by	
approximately	90°	and	sandwiched	in	between	these	stacks	
with	 whole-molecule	 disorder	 (not	 shown	 in	 Fig.	 3a; cf. 
Fig. 3c). Figure 4b depicts the resulting columnar arrange-
ment of the molecules along the [11-1] direction.

Crystal Structure of 1-II

The tetragonal crystal form 1-II crystallizes in the chiral 
space group P43	with	four	molecules	in	the	unit	cell	(Z = 4). 
Figure 5 depicts a displacement ellipsoid plot of the molecu-
lar structure of 1 in the crystal of 1-II. The thiazine moiety 
with	the	tethered	piperidinyl	group,	the	−CF3	and	the	−NO2 
group	 were	 each	 found	 to	 be	 disordered	 over	 two	 posi-
tions.	The	ratio	of	occupancies	refined	to	0.724(6):0.276(6),	
0.852(6):0.148(6) and 0.634(8):0.366(8), respectively. The 
chair conformation is observed for the piperidinyl ring.

Fig. 2 Reconstruction of the (h0l) reciprocal space layer for the super-
cell of 1-I from one ϕφ	scan,	showing	the	alternating	weak	and	strong	
reflections.	Weak	reflections	(hkl: h + k + l = 2n + 1) are highlighted for 
eight reciprocal lattice planes by double lines. Circles represent calcu-
lated	positions	of	reflections	in	the	small	unit	cell	obtained	by	ignoring	
the	weak	reflections	(see	Section	“Discussion”)
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reciprocal space, this situation leads to a systematic modu-
lation	 of	 the	 observed	 intensities	with	 the	 reflections	 that	
would	be	systematically	absent	for	exact	I-centring having 
systematically	low	intensities	(Fig.	2) [47].

For the tetragonal crystal form 1-II, the absolute struc-
ture,	 i.e.	 the	handedness	of	 the	fourfold	screw	axis	(chiral	
space group P43),	 was	 unequivocally	 determined	 by	 the	
analysis	of	anomalous	scattering	effects,	resulting	in	a	Flack	
x	parameter	close	to	zero	with	a	small	standard	uncertainty	
(Section	“X-ray crystallography”) [48].

The crystal structure determinations of 1-I and 1-II 
unambiguously	 confirmed	 the	 molecular	 structure	 of	 1. 
Detailed	discussion	of	molecular	geometry	parameters	in	the	

is	0.5:0.5	by	virtue	of	symmetry,	which	is	actually	the	aver-
age of 0.832(3):0.168(3) and 0.168(3):0.832(3), as found 
respectively	for	the	fully	disordered	unique	molecule	2	and	
its symmetry-related molecule in the supercell (Fig. 8). The 
occupational	modulation	of	molecule	2	would	go	unnoticed	
if	 the	weak	reflections	were	 ignored.	The	crystal	structure	
of 1-I	 thus	 represents	 a	 case	 of	 pseudosymmetry,	 which	
describes a spatial arrangement that mimics a higher crys-
tallographic	symmetry	without	fulfilling	it	exactly	[45, 46]. 
Specifically,	in	1-I	we	have	pseudo I-centring of the crystal 
lattice, meaning that a non-crystallographic symmetry oper-
ator generates a translational pseudosymmetry operator that 
is very similar to a crystallographic I-centring operator. In 

Fig. 3 (a) Asymmetric unit of 1-I.	Disorder	and	H	atoms	are	not	shown	
for clarity. Colour scheme: C,	grey;	F,	lime;	N,	blue;	O,	red;	S,	yellow.	
(b)-(d)	Molecular	 structures	 of	 the	 crystallographically	unique	mol-
ecules 1–3 (cf. part a).	Displacement	ellipsoids	are	drawn	at	the	50%	
probability	 level.	The	minor	part	 of	 the	whole-molecule	disorder	of	

molecule	2	(17%	occupancy)	is	shown	as	empty	ball-and-stick	model,	
and	the	minor	part	of	the	disordered	−CF3 group in molecule 3 (41% 
occupancy)	with	empty	ellipsoids.	H	atoms	are	shown	as	small	spheres	
of arbitrary radius
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solid-state structures of 1-I and 1-II is hampered by disor-
der.	Merely	unique	molecule	1	in	1-I	was	found	completely	
unaffected	by	disorder	(Fig.	3b). Nonetheless, in Fig. 3a it 

Fig. 7	 DFT-calculated	molecular	structure	of	the	isolated	molecule	of	
1.	Colour	scheme:	C,	grey;	H,	white;	F,	lime;	N,	blue;	O,	red;	S,	yellow

 

Fig. 6 (a) Tetragonal unit cell 
of 1-II, projected approximately 
along the a axis direction. (b) 
Packing diagram of 1-I,	viewed	
along the c axis direction. H 
atoms	and	disorder	parts	with	
minor	occupancies	are	not	shown	
for clarity. Colour scheme: C, 
grey; F, lime; N, blue; O, red; S, 
yellow

 

Fig. 5 Molecular structure of 1 in the crystal of 1-II.	 Displacement	
ellipsoids	 are	 drawn	 at	 the	 50%	 probability	 level.	 Small	 spheres	 of	
arbitrary	radius	represent	H	atoms.	Disorder	parts	with	minor	occupan-
cies	are	shown	with	empty	ellipsoids

 

Fig. 4 (a) Part of the crystal 
structure of 1-I,	viewed	along	the	
b	axis	direction.	Unique	molecule	
2	is	shown	in	space-filling	rep-
resentation. (b) Packing diagram 
of 1-I,	viewed	along	the	[11-1]	
direction (H atoms omitted clar-
ity).	Disorder	is	not	shown	for	the	
sake of clarity. Colour scheme: C, 
grey;	H,	white;	F,	lime;	N,	blue;	
O,	red;	S,	yellow
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HACQOV)	[51],	whereas	the	BTZ	system	is	nearly	planar	
for example in the structure of N-Boc-8-nitro-2-(piperazin-
1-yl)-6-(trifluoromethyl)-BTZ	(MESSOW)	[20].

Figure 9 compares the molecular structures of the non-
disordered molecule in 1-I	and	the	DFT-optimized	structure	
with	those	of	the	two	crystallographically	unique	ligands	in	
the protein crystal structure of 1	in	complex	with	M. tuber-
culosis	DprE1	(PDB	code:	6HFV),	albeit	obtained	by	incu-
bation	of	the	enzyme	with	the	8-hydroxylamine	derivative	
of 1 [22]. Therein, 1	forms	a	semimercaptal	adduct	with	the	
thiol group of a cysteine residue (Cys387). Bearing the reso-
lution of the protein crystal structure in mind (d = 2.05 Å), 
the comparison also reveals that the region of the piperidi-
nyl	side	chain	tethered	to	C2	of	the	BTZ	scaffold	is	rather	
flexible.	This	group,	which	is	located	at	the	protein	surface	
in	the	complex	with	DprE1,	has	also	been	by	far	the	focus	
of the most SAR studies of BTZs. The MICs for BTZ-043 
and 1 (Fig. 1) demonstrate that the nature of this group has 
a remarkable impact on the in vitro antimycobacterial activ-
ity, but a comprehensive understanding of the phenomenon 
has not yet been achieved [17].

The crystal packing in polymorphs 1-I and 1-II is dis-
tinctly	 different	 but	 nonetheless	 shares	 some	 similarities.	
Both forms feature a columnar arrangement of the mole-
cules (Figs. 4b and 6b). In 1-I,	adjacent	molecules	within	a	
columnar stack are rotated by 180° (about inversion centres) 

can	be	seen	that	the	BTZ	scaffolds	are	distinctly	non-planar	
in	unique	molecules	1	and	3	in	1-I. To gain insight into the 
structure of the free molecule of 1 and to reveal possible 
effects	of	crystal	packing	on	the	molecular	structure,	we	per-
formed	DFT	 calculations.	 In	 the	DFT-optimized	 structure	
(Fig. 7), a slight boat-shape of the thiazinone moiety is also 
noticeable,	albeit	to	a	lesser	extent	than	in	unique	molecules	
1 and 3 in 1-I.	The	angle	between	the	mean	plane	through	S1,	
C2, N3 and C4 and the mean plane through the benzene ring 
is 7.6° for the free calculated molecule, 14.2° for molecule 
1 and 22.9° for molecule 3. This suggests that the observed 
deviation from planarity is not exclusively due to packing 
effects	 in	 the	 solid-state.	The	 intramolecular	 short	 contact	
between	the	nitro	oxygen	atom	O2	and	the	BTZ	sulfur	atom	
and	the	C2−S1⋅⋅⋅O2 angle close to linearity are present in 
the	 solid-state	 and	 in	 the	 DFT-optimized	 structure	 of	 the	
free molecule. Possibly intramolecular chalcogen bonding 
along	the	extension	of	the	C2−S1	bond	helps	stabilize	the	
structure [49, 50]. In general, sulfur is a scant chalcogen 
bond	donor	but	bonded	electron-withdrawing	moieties	can	
increase its electrophilicity. In a recent perspective article 
[17],	we	reviewed	crystal	structures	of	BTZs	published	in	
the	CSD	 [26]. The BTZ thiazinone moiety exhibits some 
conformational	flexibility.	There	appears	to	be	no	obvious	
simple	 relationship	 between	 a	 planar	 or	 boat-shaped	 con-
formation and the substitution pattern on the fused benzene 
ring or the nature of the side chain appended to C2. In the 
case	 of	 8-nitro-6-(trifluoromethyl)-BTZs,	 it	 is	 interesting	
to note that the thiazinone moiety is markedly boat-shaped 
in the crystal structure of BTZ-043 (Fig. 1;	CSD	refcode:	

Fig. 9 Structure overlay plot of molecule 1 in 1–1	(green),	the	DFT-
optimized	structure	of	 the	 free	molecule	 (pink)	and	 the	 two	crystal-
lographically independent ligands covalently bound to Cys387 of M. 
tuberculosis	DprE1	(light	blue	and	yellow;	PDB	refcode:	6HFV)	[22]. 
The structures are superimposed at the benzene rings. Heteroatoms 
are labelled for easy orientation, and hydrogen atoms are omitted for 
clarity

 

Fig. 8	 Relationship	between	the	small	unit	cell	of	1-I (light blue) and 
the pseudo I-centred	supercell.	Fully	disordered	molecules	are	shown	
in	dark	green	for	 the	major	component,	 illustrating	the	different	ori-
entations	of	the	major	components	in	the	two	halves	of	the	supercell.	
Hydrogen atoms omitted for clarity. Colour scheme: C, grey; F, lime; 
N,	blue;	O,	red;	S,	yellow
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and approximately 90° degree in an alternating fashion 
(Fig. 4a). Antiparallel (pseudo) centrosymmetric stacks of 
BTZs	have	 frequently	 been	 encountered	 in	 the	 solid-state	
[17]. In 1-II, the molecules stack in a helical fashion along a 
43	screw	axis	with	neighbouring	molecules	rotated	counter-
clockwise	by	90°.	Presumably,	packing	problems	cause	the	
disorder in both 1-I and 1-II and also led to crystallization 
with	Z’ > 1 in the case of 1-I [52]. Important directional 
intermolecular	 interactions	 between	 adjacent	 columns	 of	
molecules are absent in the case of 1-II.	It	is	worth	noting,	
however,	 that	 there	 are	 short	 contacts	 (H⋅⋅⋅H ca. 1.67 Å) 
between	 major	 and	 minor	 components	 of	 the	 disordered	
molecules along the a axis direction in 1-I, indicating that 
the disordered molecules are aligned in neighbouring col-
umns,	in	which	case	the	short	contacts	disappear.

Conclusions

We have determined the solid-state structure of the antitu-
bercular BTZ 1 by X-ray crystallography and thereby dis-
covered	two	polymorphic	crystal	forms,	namely	triclinic	1-I 
and tetragonal 1-II. In both forms, columnar stacking of the 
molecules in the direction approximately perpendicular to 
the	molecular	plane	is	observed.	Adjacent	molecules	within	
a columnar stack are rotated by 180° and approximately 90° 
in an alternating fashion in 1-I and by 90° along a 43	screw	
axis in 1-II. The asymmetric unit of 1-I contains three mole-
cules	(Z’	=	3)	with	one	fully	disordered,	albeit	preferentially	
oriented.	The	single	crystallographically	unique	molecule	in	
1-II	is	affected	by	localized	disorder.
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