
As part of our research programs, we synthesized the title
compound from the reaction of 5-chloro-2-benzothiazolinone
(0.1 mol) with methyl acrylate (0.012 mol).  Both of them were
dissolved in 30 ml of water in the presence of 0.012 mol
triethylamine.  The mixture was stirred for 8 h on water bath
(50 – 60˚C) and then stirred for 18 h at room temperature.  The
precipitated solid material was subsequently filtered and
crystallized from ethanol.  In the present study, with the aim of
further clarifying the molecular structure of the title compound,
a single-crystal X-ray analysis of C11H10ClNO3S was carried
out.

The benzothiazole unit is similar to those found in other
derivatives, e.g. bis(1,3-benzothiazol-2-yl)disulfide1 or 2-
methylthio-1,3-benzothiazole.2 The adopted molecular

conformation and the labeling scheme are shown in Fig. 2.
Crystal and experimental data are given in Table 1.  The final
positional and equivalent isotropic thermal parameters are
reported in Table 2; Table 3 lists selected bond lengths and
bond angles.  The lengthening of the S1–C7 bond distance
[1.776(3)Å] versus the S1–C6 bond distance [1.742(3)Å] may
be described in term of the steric interaction, whereas in the
structures of 4-benzoyl-5-phenylthiophene-2,3-dine3 and 2-(o-
hydroxyphenyl)-Δ2-1,3-benzo[4,5]thiazoline4 the S–C distances
range between 1.74(3) and 1.78(9)Å.

The C3–Cl1 distance [1.744(3)Å] is in agreement with those
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Fig. 1 Synthesis the pathway of the title compound.

Fig. 2 ORTEP view of the title compound showing the labeling of
the non-H atoms.  Thermal ellipsoids are shown at the 50%
probability level.

Table 1 Crystal and experimental data 
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Formula: C11H10ClNO3S
Formula weight = 271.7
Crystal system: monoclinic
Space group:  P21/a (No. 14); Z = 4
a = 9.3429(13)Å
b = 14.0844(14)Å = 94.878(3)˚
c = 9.3662(12)Å
V = 1228.0(3)Å3

Dx = 1.470 g/cm–3

(Mo Kα) = 0.476 mm–1

T = 295 K
F(0 0 0) = 560
Crystal size = 0.40 × 0.35 × 0.30 mm
Radiation: Mo Kα

R = 0.060
Rw = 0.1792
w = 1/[ 2(Fo

2) + (0.1194P)2 + 0.5329P] where P = (Fo
2 + 2Fc

2)/3
No. of unique data measured = 2256
No. of observed data with [I ≥ 2 (I)] = 1871
No. of parameters = 155
Goodness-of-fit = 1.06
(Δ )max = 1.13 eÅ–3

(Δ )min = –0.33 eÅ–3

Measurements: Enraf Nonius CAD-4 diffractometer
Structure determination: SHELXS97
Treatment of hydrogen atoms: geometric calculation
Refinement: full matrix least-squares SHELXL97



of other compounds, such as 2-[(2-chlorophenyl)iminomethyl]-
4,6-dimethyl-quinoline5 [1.738(4)Å] and N-(3-chloro-4-methyl-
phenyl)aminoglyomine6 [1.743(3)Å], and also with the
theoretical length of a Csp2–Cl bond, given as 1.734 Å by Allen
et al. (1987).7 The carbonyl O3 atom and the Cl atom are close
to coplanar with the 5-chloro-1,3-benzothiazol-2-(3H)-one
moiety [torsion angles C1–C2–C3–Cl1 –179.6(2)˚ and
O1–C7–N1–C5 –178.8(3)˚].  The angle between the least-squares
planes which pass through the 5-chloro-1,3-benzothiazol-2-
(3H)-one moiety and the methyl propionate moiety is 73.3(1)˚.

The MNDO molecular dipol moment, calculated using the
Mopac 6.0 program package, is 2.308 debyes (1D ≈ 3.33564 ×
10–30 cm) for the title compound.  The calculated overall
conformation of the compound, except for atoms O2, O3 and
C11, are planar.  The intermolecular Madelung (charge-charge)
energy, based on the point charges, is found to be –17873.4 eV.
The final heat of formation is –94.3 kcal.

There are two C–H···O-type intermolecular hydrogen bonds
between the C2 and C9 atoms, and the carbonyl atom (O1) in
the structure where the donor-acceptor distances of C2–H2···O1i

and C9–H9A···O1ii are 3.396(4) and 3.430(4)Å, respectively

[symmetry codes: (i) 1+x, y, z; (ii) –x, –y, 1–z].  These
intermolecular distances conform to normal van der Waals
interactions.  A packing diagram of the unit cell is given in Fig.
3 and the hydrogen bonds are shown by the dotted lines.
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Table 2 Final atomic coordinates and equivalent isotropic 
thermal displacement parameters for non-hydrogen atoms

Ueq = (1/3)ΣiΣjUijai*aj*(ai·aj).

Atom x y z Ueq

Table 3 Bond lengths (Å) and  bond  angles (˚)

Fig. 3 View of the crystal packing and hydrogen bonds; (a) along
the a-axis, and (b) along  the c-axis.




