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Abstract
C21H17NO4S2, orthorhombic, Pna21 (no. 33), a = 15.028(3) Å,
b = 14.045(3) Å, c = 8.9625(16) Å, V = 1891.7(6) Å3, Z = 4,
Rgt(F ) = 0.0359, wRref(F 2) = 0.0870, T = 296 (2) K.

CCDC no.: 2476903

The molecular structure is shown in the figure. Table 1
contains the crystallographic data. The list of the atoms
including atomic coordinates and displacement parameters
can be found in the cif-file attached to this article.

1 Source of material

All chemicals were purchased from commercial sources and
used as received without further purification. First, a
mixture of ammonium iodide (730 mg, 5 mmol), sodium
iodide (90mg, 0.6 mmol), and elemental sulfur (512 mg,
2 mmol) was added to an oven-dried reaction vessel (10 mL).
The reaction vessel was purged with oxygen gas three times
and was then filled with 4-methylcyclohexan-1-one (780 μL,
6 mmol), dimethyl sulfoxide (280 μL, 4 mmol), and ethyl ac-
etate (2 mL) by syringe. The reaction vessel was stirred at
150 °C for 24 h. After cooling to room temperature, the re-
action mixture was diluted with ethyl acetate (20 mL) and
the volatiles were removed under reduced pressure. The
residue was purified by column chromatography on silica
gel (petroleum ether) to yield the 3,7,11-trimethylbenzo
[5,6][1,4]thiazino[2,3,4-kl]phenothiazine product as a yel-
low solid (423 mg, 61 % yield). Subsequently, a mixture of
3,7,11-trimethylbenzo[5,6][1,4]thiazino[2,3,4-kl]phenothia-
zine (347 mg, 1 mmol), 3-chloroperbenzoic acid (1.032 g,
6 mmol), and CH2Cl2 (5 mL) was added to an oven-dried
reaction vessel (20 mL). The reaction vessel was stirred at
room temperature for 24 h. After the reaction finished, it
was diluted with ethyl acetate (20 mL) and the volatiles
were removed under reduced pressure. The residue was
purified by column chromatography on silica gel (petro-
leum ether: dichloromethane = 2:1) to yield the desired
product as a white solid (403 mg, 98 % yield). Finally,
dissolve 0.4 g of the target compound in 20 ml of

Table : Data collection and handling.

Crystal: Colorless block
Size: . × . × .mm
Wavelength: Mo Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: Bruker APEX-II, φ and ω scans
θmax, completeness: .°, %
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker, SHELX,, WinGX
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dichloromethane, heat reflux until the solid is completely
dissolved, and filter. The title crystal was precipitated by
controlling solvent volatilization.

2 Experimental details

All H-atoms bonded to C atoms were placed geometrically
and refined using a riding model with common isotropic
displacement factors Uiso(H) = 1.2 or 1.5 Ueq (parent
C-atom).

3 Comment

Bis-phenothiazines as thiabridged triarylamine hetero-
helicenes with an aryl ring and a nitrogen atom in common
are forced into a helical-shaped structure by four long car-
bon–sulfur bonds. These compounds have found extensive
utility as redox-driven molecular switches, organic dyes
for dye-sensitized solar cells (DSSCs), and ultralong room-
temperature phosphorescence (URTP) materials, due to their
unique structural, unusual properties.5–9 However, structural
characterization remains scarce for bis-phenothiazine sul-
fides featuring double sulfur-atom sulfonated moieties.
Consequently, the synthesis and crystal structure determi-
nation of the title compound are essential for exploring its
potential applications.

Single-crystal structure analysis revealed that the title
compound crystallized in the orthorhombic space group
Pna21. TheORTEPdiagram is presented in the Figure. Thebond
lengths of S1–O1, S1–O2, S2–O3, S2–O4 in the title molecule are
1.429(3) Å, 1.430(3) Å, 1.425(3) Å, 1.423(3) Å, respectively. They
are similar to reported values in the literature.10,11

Weak intermolecular hydrogen bonding exists in the
crystal structure of the title compound. The carbon atom C13,
for example, provides one intermolecularhydrogenbond toO1′
of another molecule (C13⋯O1′ = 3.207(4) Å; ′ = x−1/2, −y+1/2, z).
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