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8-Nitro-4H-benzo[e][1,3]thiazinones (BTZs) are potent in vitro
antimycobacterial agents. New chemical transformations, viz.
dearomatization and decarbonylation, of two BTZs and their
influence on the compounds’ antimycobacterial properties are
described. Reactions of 8-nitro-2-(piperidin-1-yl)-6-
(trifluoromethyl)-4H-benzo[e][1,3]thiazin-4-one and the clinical
drug candidate BTZ043 with the Grignard reagent CH3MgBr
afford the corresponding dearomatized stable 4,5-dimethyl-5H-
and 4,7-dimethyl-7H-benzo[e][1,3]thiazines. These methine

compounds are structurally characterized by X-ray crystallog-
raphy for the first time. Reduction of the BTZ carbonyl group,
leading to the corresponding markedly non-planar 4H-
benzo[e][1,3]thiazine systems, is achieved using the reducing
agent (CH3)2S ·BH3. Double methylation with dearomatization
and decarbonylation renders the two BTZs studied inactive
against Mycobacterium tuberculosis and Mycobacterium smeg-
matis, as proven by in vitro growth inhibition assays.

Introduction

8-Nitro-4H-benzo[e][1,3]thiazinones (BTZs) 1a and 1b (BTZ043)
are known as potent antitubercular agents (Scheme 1).[1] After
entering the catalytic site of decaprenylphosphoryl-β-d-ribose
2’-epimerase (DprE1), a mycobacterial enzyme crucial for cell
wall synthesis, the 8-nitro group is reduced to a nitroso group,
which covalently binds to a cysteine residue. BTZs inhibit DprE1
at μM to nM minimum inhibitory concentrations (MICs). High
target- and species-specificity renders BTZs promising antitu-
bercular drug candidates. Compound 1b and macozinone
(PBTZ169)[2] have reached clinical trials.[3] However, stability
problems, especially metabolic reduction of the nitro group and
BTZ core, and the relatively high dosage of 300–600 mg/day in

clinical studies[2] in spite of the very high in vitro activity
motivate further research on this compound class.

BTZs feature various reactive centres for nucleophilic attack.
Thiols and other nucleophiles were shown to attack C7 of the
4H-benzo[e][1,3]thiazinone system, resulting in non-enzymatic
reduction of the 8-nitro group via a von Richter
rearrangement.[4] We did, however, not observe nucleophilic
attack at C7 when incubating BTZs with DprE1.[5]

Recently, we showed by X-ray crystallography that treat-
ment of 1a and 1b with moist 3-chloroperbenzoic acid
unexpectedly led to the corresponding benzo[d]isothiazol-
3(2H)-ones and their 1-oxides,[6] instead of the anticipated
corresponding BTZ sulfones and sulfoxides,[7] presumably in-
volving nucleophilic addition of water at C2. In their search for
the structure of a human plasma metabolite of 1b, Kloss et al.
found that treatment of the compound with the reducing agent
NaBH4 yielded Meisenheimer complexes, which were also
encountered in ex vivo studies.[8] Furthermore, they reported
that reaction with the Grignard reagent CH3MgBr resulted in
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Scheme 1. Chemical diagrams of the antitubercular BTZs 1a and 1b
(BTZ043).
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the 5- and 7-monomethyl derivatives of 1b. A very recent study
proved the importance of electron-deficient (nitro-)aromatic
pharmacophores in covalent DprE1 inhibitors, which showed
comparable reactivity towards NaBH4.

[9]

Identification of possible reaction pathways of BTZs is
important for understanding and optimization of absorption,
distribution, metabolism and excretion (ADME) characteristics
and of particular interest with regard to the ongoing inves-
tigation of this compound class in medicinal chemistry,[10]

pharmaceutics[11] and clinical development.[3a]

We have now (re)investigated reactions of BTZs 1a and 1b
with CH3MgBr and the reducing agent (CH3)2S ·BH3. Treatment
with CH3MgBr and workup afforded doubly methylated benzo-
thiazinone scaffolds, resulting in stable 5H- and 7H-
benzo[e][1,3]-thiazines. Reactions of 1a and 1b with
(CH3)2S ·BH3 resulted in 8-amino- and 8-nitro-6-(trifluoromethyl)-
4H-benzo[e][1,3]-thiazines, demonstrating the possibility of
selectively reducing the carbonyl carbon atom C4 in BTZs.

Results and Discussion

Reaction of BTZs 1a and 1b with CH3MgBr

BTZs 1a and 1b were reacted with two equivalents of CH3MgBr
in THF/Et2O (Scheme 2). Upon quenching with water, the color
of the reaction mixture immediately turned red. Nucleophilic
additions to C5 and C7 of the BTZ scaffold occurred, which
presumably led to intermediate thiazin-4-ol derivatives 2, 4, 6
and 8 (not isolated) after hydrolysis. Subsequent elimination of

water afforded the dimethyl-5H- and 7H-benzo[e][1,3]thiazine
isomers 3 and 5, which were extracted from the aqueous
mixture with ethyl acetate and separated by flash chromatog-
raphy. Acidification of the remaining aqueous phase (pH 2–3)
with dilute hydrochloric acid led to the 5- and 7-methyl-BTZs 7
and 9 as mixtures of structural isomers, as described by Kloss
et al.,[8] which were likewise separated by flash chromatography.
An acidic reaction medium appeared to be essential for
reoxidation of the BTZ system by air. Compounds 3, 5, 7 and 9
were identified by NMR spectroscopy and HRMS and in part by
X-ray crystallography. In contrast to BTZs, the 5H- and 7H-
benzo[e][1,3]thiazines 3 and 5 exhibited a red color with an
intense absorption band centered at around 500 nm in
methanol (Figure S1 in the Supporting Information).

The yields for the individual isolated reaction products (3, 5,
7 and 9) after treatment of 1 with CH3MgBr are within 2–11%.
These low yields are partly due to the fact that four different
compounds were isolated from one reaction. If the yields of the
individual products are added up, approx. 25% of 1 is
converted to the products studied. Furthermore, demanding
chromatographic separations of the isomeric compounds
lowered the yields, and we assume that 1 in part decomposes
when treated with CH3MgBr.

Figure 1 shows the 1H NMR spectra of 3a, 5a, 7a, 9a and
the parent BTZ 1a. Those of 3b, 5b, 7b, 9b and the parent 1b
are depicted in the Supporting Information (Figure S2).
Monomethylation of the benzene moiety in 7a and 9a caused
a slight upfield shift of the remaining aromatic signal. In the 5H-
and 7H-benzo[e][1,3]thiazines 3a and 5a, the resonance signals
assigned to the methine hydrogen atoms at the sp2 carbon

Scheme 2. Reaction products after treatment of BTZs 1a and 1b with the Grignard reagent CH3MgBr, subsequent hydrolysis and dehydration (3 and 5) or air
oxidation (7 and 9). Compounds 2, 4, 6 and 8 were not isolated.
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atoms C7 and C5, occurred at higher field than the correspond-
ing aromatic signals in the BTZs 1a, 7a and 9a. The hydrogen
atoms at the sp3 carbon atoms C5 in 3a and C7 in 5a gave rise
to quartet signals at 4.34 and 3.81 ppm. Whereas the positions
of the signals assigned to the α-H atoms of the piperidine ring
remained nearly unaffected by methylation of the BTZ moiety,
these signals are significantly sharper in the 5H- and 7H-
benzo[e][1,3]thiazines 3a and 5a than in the BTZs 1a, 7a and
9a (Figure 1). This indicates restricted rotation of the piperidine
ring about the C2� Npiperidine bond in 3a and 5a in CDCl3 solution
at room temperature.

Slow diffusion of heptane into solutions of 3a and 5a in
chloroform afforded small red needles of the compounds. X-ray
crystallography unambiguously revealed the molecular struc-
tures (Figure 2). To the best of our knowledge and based on a
search of the Cambridge Structural Database (CSD),[12] these are
the first structural characterizations of 5H- and 7H-benzo[e]-1,3-
thiazine heterocyclic systems. A chirality centre resulted from
nucleophilic addition of the methyl group at C5 and C7 of the
benzothiazine scaffold in 3 and 5. The methylations are not
stereoselective. Thus, racemates were formed. This is reflected
in the centrosymmetric crystal structures of 3a and 5a, which
comprise both enantiomers. The fused bicyclic systems are not
planar. C5 is located 0.293(3) Å in 3a and 0.207(6) Å in 5a
above the mean plane through the nearly planar six-membered
1,3-thiazine ring (r.m.s. deviation 0.0365 Å in 3a and 0.0225 Å in

5a), whereas C7 lies 0.420(3) Å and 0.377(7) Å below this plane
in 3a and 5a, respectively. Table 1 compares selected bond
lengths of the dearomatized benzothiazine system for both
structures. The C� S bond lengths are consistent with Csp2� S
single bond character, and the C2� N3 bond lengths are as
expected for a Csp2=N double bond. The C4� C4A, C6� C7 (in
3a) or C5� C6 (in 5a) and C8� C8A bond lengths indicate
Csp2=Csp2 double bond character.[13] The appended piperidine
ring adopts a low energy chair conformation in both 3a and 5a
with some minor deviations from ideal tetrahedral angles,
which can be attributed to the planar structure at N1.

For enantiopure 1b, non-stereoselective double meth-
ylation resulted in a mixture of RS and SS diastereomers in 3b

Figure 1. 1H NMR spectra (400 MHz, CDCl3) of the 5H- and 7H-benzo[e][1,3]thiazines 3a and 5a, the monomethyl BTZs 7a and 9a and the parent BTZ 1a. S
denotes the residual solvent signal.

Table 1. Selected bond lengths (Å) for 3a, 5a and 10a.

3a 5a 10a

C2� S1 1.7581(18) 1.775(4) 1.8095(13)
C8A� S1 1.7546(18) 1.752(4) 1.7635(13)
C2� N3 1.329(2) 1.321(5) 1.2748(17)
C4� N3 1.339(2) 1.344(5) 1.4635(16)
C4� C4A 1.407(2) 1.395(5) 1.5007(17)
C4A� C5 1.528(2) 1.454(5) 1.3890(18)
C5� C6 1.508(3) 1.332(6) 1.3927(18)
C6� C7 1.331(3) 1.508(5) 1.3851(18)
C7� C8 1.441(3) 1.515(5) 1.3883(18)
C8� C8A 1.414(2) 1.393(5) 1.3997(17)
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and 5b. We should note that the diastereomers of 3b and 5b
could neither be distinguished by room temperature 1H and 13C
NMR spectroscopy, routine HPLC analysis, nor be separated by
flash chromatography. This is likely due to the high degree of
similarity in the molecular structures. Compound 3b was
structurally characterized by X-ray crystallography. The asym-
metric unit comprises four molecules (Sohncke space group P1;
Z, Z’=4).[14] There are two pairs of RS and SS diastereomers,
each related by a pseudo centre of symmetry. The Platon/
ADDSYM routine calculates 95% fit for the pseudo symmetry.[15]

The absolute structure assignment was inferred from the known
S configuration of the methyl-dioxolan group in the starting
material 1b (Scheme 1) and was verified by a Flack x parameter
close to zero.[16] Figure 3 depicts the pseudo centrosymmetric
arrangement of unique molecules 1 (RS configuration) and 2 (SS
configuration) in the crystal. A displacement ellipsoid plot for
molecules 3 and 4 can be found in the Supporting Information
(Figure S4). The crystal of 3b is thus a co-crystal of diaster-
eomers, indicating that the diastereomers of 3b are also not
easily if at all separable by crystallization. A similar situation was
previously encountered in the crystal structure of the corre-
sponding benzisothiazolinone 1-oxide derived from 1b, where
oxidation led to a second centre of chirality at the sulfur atom.[6]

Structural parameters of the 5H-benzo[e]-1,3-thiazine hetero-
cyclic system in 3b are similar to those in 3a. The piperidine
ring exhibits a chair conformation in all four distinct molecules.
In molecule 4, positional disorder of the methyl-dioxolan group,
resulting from an approximate 180° rotation of the side chain

about the C2� Npiperidine formal single bond, is encountered (see
Figure S4 in the Supporting Information).

The structure of 7b was likewise confirmed by X-ray
crystallography (Figure 4). Compound 7b crystallizes with two
diastereomeric conformers in the asymmetric unit, which are
related by pseudo inversion symmetry (96% fit, as calculated
with Platon/ADDSYM[15]). An approximate 180° rotation about
the C2BTZ� Npiperidine formal single bond interconverts the two
diastereometic conformers. The six-membered ring of the 1,3-
thiazinone moiety exhibits a slight boat shape and, as expected,
the piperidine ring adopts a low-energy chair conformation.
The plane of the nitro group and the mean plane of the
benzene ring are inclined at 18.10° in molecule 1 and 17.95° in
molecule 2. The structure of 7b is isomorphous with that of the
parent compound 1b, which has been described in detail
elsewhere.[17]

In order to study the influence of methylation and
dearomatization of the benzothiazinone scaffold on antimyco-
bacterial properties, mycobacterial growth inhibition assays

Figure 2. Molecular structures of 3a (top) and 5a (bottom) in the crystal,
showing the R enantiomer in both cases. Displacement ellipsoids are drawn
at the 50% probability level. Hydrogen atoms are represented by small
spheres of arbitrary radius. The minor part of the rotationally disordered
trifluoromethyl group (ca. 3%) in 5a is omitted clarity (see Figure S3 in the
Supporting Information). Colour scheme: C grey, H white, N blue, O red, S
yellow.

Figure 3. Part of the asymmetric unit of 3b. Displacement ellipsoids are
drawn at the 50% probability level. Hydrogen atoms are represented by
small spheres of arbitrary radius. For the sake of clarity only unique
molecules 1 and 2 (as indicated by the number after the underscore) are
depicted (for molecules 3 and 4, see Supporting information). Colour
scheme: C grey, H white, N blue, O red, S yellow.

Figure 4. Displacement ellipsoid plot of 7b (50% probability level). Hydro-
gen atoms are represented by small spheres of arbitrary radius. The number
after the underscore indicates the crystallographically unique molecules 1
and 2. Colour scheme: C grey, H white, N blue, O red, S yellow.
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were performed as summarized in Table 2. Against Mycobacte-
rium tuberculosis H37Rv, we found higher MIC90 values in vitro for
the monomethyl BTZs 7a and 9a than for the parent
compound 1a. Against Mycobacterium smegmatis mc2 155, a
fast-growing mycobacterium and model for the pathogen M.
tuberculosis,[18] 7a and 9a were found to be inactive. The parent
1a inhibits growth of M. smegmatis mc2 155. Consistent with
literature data,[19] the monomethyl BTZs 7b and 9b, derived
from 1b (BTZ043), were found to be potent antitubercular
agents, albeit likewise less active than the parent 1b. In contrast
to 7a and 9a, 7b and 9b still display activity against M.
smegmatis mc2. This suggests that the side chain appended to
C2 of the benzothiazinone scaffold appears to have a crucial
bearing on the in vitro antimycobacterial activity also for the
monomethyl� BTZs. For both 1a and 1b it was observed that in
particular the introduction of a methyl group in the 5-position
of the benzothiazinone scaffold decreases in vitro activity
against both mycobacterial strains.

The 5H- and 7H-benzo[e][1,3]thiazines 3 and 5 were
subjected to in vitro activity testing against M. smegmatis mc2

155. We found a low level of antimycobacterial activity for 5b
(MIC90 25 μM), whereas 3a (>100 μM), 3b (100 μM) and 5a (>
100 μM) were found be inactive. It is interesting to note that in
the crystal structure of the M. tuberculosis DprE1 in complex
with PBTZ169 (PDB code: 4NCR, resolution 1.88 Å) a water
molecule links the BTZ carbonyl oxygen atom in the 4-position
to a backbone carbonyl oxygen atom of a leucine moiety
through hydrogen bonding.[20] Similarly, in the crystal structures
of the M. tuberculosis DprE1 in complex with related BTZs, a
hydrogen-bonded water molecule joins the BTZ carbonyl oxy-
gen atom to the backbone carbonyl atom of a tyrosine
moiety.[5] The absence of the carbonyl group at C4 in 3 and 5 as
hydrogen bond acceptor thus likely contributes to the consid-
erably lower antimycobacterial in vitro activity compared with
the parent BTZs 1a and 1b.

Reaction of BTZs 1a and 1b with (CH3)2S ·BH3

Treatment of BTZs 1a and 1b with the reducing agent
(CH3)2S ·BH3 in THF

[21] and subsequent aqueous workup surpris-
ingly resulted in selective reduction of the BTZ carbonyl group
in 4-position to a methylene group with the 8-nitro
benzo[e][1,3]thiazines 10 as major products (Scheme 3). The 8-
nitro group partially underwent reduction under these reaction
conditions affording the corresponding benzo[e][1,3]thiazine-8-
amines 11 as minor products, which were separated by flash
chromatography. Compounds 10 and 11 were characterized by
1H and 13C NMR spectroscopy and HRMS. In addition, the
structure of 10a was proven by X-ray crystallography (Figure 5).
Selected bond lengths are included in Table 1. As observed
previously for two rare examples of structurally characterized
benzo[e][1,3]thiazines,[22] the heterocyclic benzothiazine system
is distinctly non-planar as a result of a marked boat shape of
the 1,3-thiazine ring with C2 and N3 being displaced from the
mean plane through the fused benzene ring by 1.023(2) and
0.956(2) Å, respectively. The nitro group is tilted out of the
benzene ring mean plane by 22.1(1)°.

The antimycobacterial activity of the decarbonylated BTZs
10 and 11 was evaluated in vitro against M. smegmatis mc2 155
(Table 2). No growth inhibition was observed for 10a up to a
concentration of 100 μM despite the presence of the 8-nitro
group necessary for covalent binding to DprE1. This observation
confirmed the assumption that the 4-carbonyl group as hydro-
gen bonding acceptor site is also essential for efficient
inhibition of DprE1 (vide supra). For 10b, however, no bacterial
growth of M. smegmatis up to a concentration of 0.39 μM was

Table 2. In vitro activity (MIC90 in μM) of the compounds studied against
M. smegmatis mc2 155 and M. tuberculosis H37Rv.

M. smegmatis mc2 155 M. tuberculosis H37Rv

1a 12.5 0.6
3a >100 >100
5a >100 >100
7a >100 16.8
9a >100 8.4
1b (BTZ043) 0.01 0.007
3b 100 – [a]

5b 25 – [a]

7b 5 1.1 [b]

9b 0.3 0.02 [b]

10a >100 – [a]

11a >100 – [a]

10b <0.39 – [a]

11b >100 – [a]

[a] Not determined. [b] Data taken from.[19]

Scheme 3. Reaction products after treatment of BTZs 1a and 1b with the
reducing agent (CH3)2S ·BH3 and subsequent hydrolysis.

Figure 5. Molecular structure of 10a in the crystal. Displacement ellipsoids
are drawn at the 50% probability level. Hydrogen atoms are represented by
small spheres of arbitrary radius. Colour scheme: C grey, H white, N blue, O
red, S yellow.
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observed under the same conditions. We ascribe this observa-
tion to trace reoxidation of 10b to the parent BTZ 1b, which
was also noticeable in the 1H NMR spectrum (Figure S5 in the
Supporting Information). One might expect the same for 10a,
but the activity of the parent BTZ 1a against M. smegmatis is
some orders of magnitude lower than that of 1b . Thus, trace
amounts of 10a could remain undetected in the in vitro assay
used. Compounds 11a and 11b showed no activity against M.
smegmatis. Apart from the absence of the 4-carbonyl group as
in 10a and 10b, 11a and 11b also lack the 8-nitro group
crucial for covalent binding to DprE1. Loss of antimycobacterial
activity was found previously for BTZ-8-amines, as the amino
group is not activated to the reactive nitroso group by the
enzyme.[5,20,23]

Conclusions

The present study provides insight into the reactivity of the
carbonyl group in 4-position of the BTZ scaffold of the two
antitubercular 8-nitro BTZs 1a and 1b (BTZ043). Reaction with
the Grignard reagent CH3MgBr and the reducing agent
(CH3)S ·BH3 reveals previously unobserved reactivity of BTZs. It
has been shown that nucleophilic attack not only occurs at the
electron-deficient benzene ring but also at the carbonyl carbon
atom of the thiazinone ring. Treatment with CH3MgBr afforded
methylated and/or dearomatized BTZ derivatives 3, 5, 7 and 9.
Decarbonylation to the 4-methylene derivatives in part with
concomitant reduction of the 8-nitro group was observed when
the BTZs were reacted with (CH3)2S ·BH3. The reductive chemical
transformations encountered indicate possible points of attack
for BTZs during drug metabolism. Consistent with previous
findings, methyl� BTZs 7 and 9 remain active against mycobac-
teria in vitro, whereas dearomatization of BTZs 1 to 3 and 5 and
decarbonylation to 10 renders these derivatives inactive against
M. tuberculosis and M. smegmatis. In line with known structures
of DprE1� BTZ complexes, this supports the view that the BTZ 4-
carbonyl group is a hydrogen bond acceptor crucial for
effective inhibition of the mycobacterial enzyme DprE1. Con-
comitantly, the carbonyl group also increases the electro-
philicity of C-8 and the ease of reduction of the nitro group,
again supporting the molecular mechanism leading to activity.

Experimental Section
Experimental procedures for the syntheses, NMR spectroscopic and
HRMS characterizations, HPLC analyses (Figures S5–S53) and in vitro
antimycobacterial testing of the compounds studied can be found
in the Supporting Information.

X-ray crystallography

Details of the X-ray intensity data collections and crystal structure
refinements can be found in the Supporting Information. CCDC
2126176-2126180 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
structures.

Crystal data for 3a (CCDC 2126176): C16H18F3N3O2S, Mr=373.39, T=

100(2) K, λ=0.71073 Å, orthorhombic, space group Pccn, a=

11.5451(6), b=16.7979(9), c=16.972(1) Å, V=3291.4(3) Å3, Z=8,
1calc=1.507 mgm� 3, μ=0.244 mm� 1, F(000)=1552, crystal size
0.06×0.02×0.01 mm, θ range=2.14–33.23°, reflections collected/
unique=115254/6310, (Rint=0.1258), 228 parameters, S=1.011,
R1[I>2σ(I)]=0.0542, wR2=0.1420, Δ1max, Δ1min=0.27, � 0.46 eÅ� 3.

Crystal data for 3b (CCDC 2126177): C19H22F3N3O4S, Mr=445.45, T=

100(2) K, λ=1.54178 Å, triclinic, space group P1, a=12.8795(16),
b=13.3094(16), c=14.9933(19) Å, α=99.359(6), β=106.571(5), γ=

118.865(5)°, V=2014.5(4) Å3, Z=4, 1calc=1.469 mgm� 3, μ=

1.970 mm� 1, F(000)=928, crystal size 0.12×0.08×0.05 mm, θ
range=3.29–79.88°, reflections collected/unique=134524/16318,
(Rint=0.0617), 1132 parameters, 120 restraints, Flack x parameter=
0.091(17), S=1.096, R1[I>2σ(I)]=0.0572, wR2=0.1691, Δ1max,
Δ1min=0.72, � 0.28 eÅ� 3.

Crystal data for 5a (CCDC 2126178): C16H18F3N3O2S, Mr=373.39, T=

100(2) K, λ=1.54178 Å, triclinic, space group P-1, a=5.6943(8), b=

10.1985(13), c=14.0461(18) Å, α=97.388(6), β=91.269(6), γ=

90.090(6)°, V=808.73(19) Å3, Z=2, 1calc=1.533 mgm� 3, μ=

2.236 mm� 1, F(000)=388, crystal size 0.60×0.02×0.02 mm, θ
range=3.17–77.41°, reflections collected/unique=37652/3347,
(Rint=0.0418), 238 parameters, 45 restraints, S=1.058, R1[I>2σ(I)]=
0.0685, wR2=0.2069, Δ1max, Δ1min=1.01, � 0.37 eÅ� 3.

Crystal data for 7b (CCDC 2126179): C18H18F3N3O5S, Mr=445.41, T=

100(2) K, λ=1.54178 Å, triclinic, space group P1, a=6.3523(7), b=

9.8015(11), c=15.5546(18) Å, α=83.740(4), β=78.303(3), γ=

84.947(3)°, V=940.53(18) Å3, Z=2, 1calc=1.573 mgm� 3, μ=

2.155 mm� 1, F(000)=460, crystal size 0.14×0.05×0.03 mm, θ
range=2.91–80.95°, reflections collected/unique=85037/7780,
(Rint=0.042), 546 parameters, 3 restraints, Flack x parameter=
0.082(17), S=1.058, R1[I>2σ(I)]=0.0293, wR2=0.0793, Δ1max,
Δ1min=0.21, � 0.33 eÅ� 3.

Crystal data for 10a (CCDC 2126180): C14H14F3N3O2S, Mr=345.34,
T=100(2) K, λ=0.71073 Å, monoclinic, space group P21/n, a=

13.1787(14), b=4.3790(5), c=25.355(3) Å, β=99.312(8), V=

1443.9(3) Å3, Z=4, 1calc=1.589 mgm� 3, μ=0.271 mm� 1, F(000)=
712, crystal size 0.12×0.11×0.07 mm, θ range=2.68–35.06°, reflec-
tions collected/unique=32929/6369, (Rint=0.0700), 208 parame-
ters, S=1.021, R1[I>2σ(I)]=0.0461, wR2=0.1211, Δ1max, Δ1min=

0.59, � 0.75 eÅ� 3.
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