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Orhan Büyükgüngörd
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The structure of the title compound, C11H11NOS, has been

reported previously at room temperature by Ferguson & Ruhl

[Cryst. Struct. Commun. (1982), 11, 1033–1038]. We report

here a redetermination, at 100 (2) K, with improved precision.

The structure displays N—H� � �O hydrogen bonding.

Comment

1,4-Benzothiazine and its derivatives have attracted intense

interest in recent years because of their diverse pharmacolo-

gical properties (Akkurt, Öztürk Yıldırım et al., 2005; Akkurt,

Türktekin et al., 2005; Wang et al., 2005; Aravindan et al.,

2003); some of these compounds exhibit antimicrobial (Habib

et al., 1997; Sastry et al., 1990; Rao et al., 1982, 1983), anti-

bacterial (Desai & Mehta, 1997; Miky et al., 1997), antifungal

(Chaffman & Brogden, 1985), anti-oxidant (Vladimirov et al.,

1991), antiviral (Ergen et al., 1996), anti-HIV-1 (Invidiata et

al., 1996) and antihypertensive activities (Kando & Hashi-

moto, 1993; Keita et al., 2000).

The antimicrobial activities of the title compound, (I), have

been studied. The compound is active against Staphylococcus

aureus [MIC (minimum inhibitory concentration)

39.06 mg ml�1], Acinetobacter haemolyticus (MIC

39.06 mg ml�1), Pseudomonas aeruginosa (MIC 9.76 mg ml�1)

and Candida albicans (MIC 39.06 mg ml�1), but it is not active

against Escherichia coli, Klebsiella pneumoniae and Salmo-

nella typhimirium. Antifungal activity was determined against

Candida albicans, and the compound showed better activity

(MIC 39.06) than fluconazole did.

The crystal structure of the title compound, (I), has been

reported previously at room temperature (Ferguson & Ruhl,

1982). We have redetermined this crystal structure at 100 K.

The present work is of significantly improved precision and we

were able to determine the positions of the H atoms. The

precision of the unit-cell dimensions was improved by an order

of magnitude. The unit-cell volume decreased by ca 37 Å3,

consistent with the determination at low temperature. In

general, the molecular geometric parameters are slightly

different; the bond lengths are shorter in the low-temperature

structure. In addition, intermolecular N—H� � �O interactions



connect molecules into a one-dimensional chain along the b

axis (Table 1 and Fig. 2). Excluding H atoms, the molecule is

essentially planar, as seen in Fig. 3. The six-membered rings

are planar, as indicated by the torsion angles C1—C2—C3—

C4 = �1.0 (3)�, C7—S1—C6—C1 = �7.4 (2)� and C1—N1—

C8—C7 =�4.9 (3)�. The remaining parts are also planar [S1—

C7—C10—O1 = 3.8 (2)�, S1—C7—C10—C11 = �173.90 (17)�

and C10—C7—C8—C9 = �0.5 (4)�.

Experimental

Compound (I) was prepared by the reaction of 2-aminothiophenol

(0.25 g, 2 mmol) and acetylacetone (0.2 g, 2 mmol) in ethanol (50 ml).

Crystals of (I) suitable for X-ray diffraction were obtained by slow

evaporation of an ethanol solution. Elemental analysis calculated: C

64.36, H 5.40, N 6.82%; found: C 64.71, H 5.55, N 6.78%. IR (cm�1):

1633 (C N), 1790 (C O), 2363 (S—R), 1495, 1458 (benzene ring).

Crystal data

C11H11NOS
Mr = 205.27
Monoclinic, P21=c
a = 7.3606 (15) Å
b = 7.4968 (15) Å
c = 17.375 (4) Å
� = 97.78 (3)�

V = 949.9 (4) Å3

Z = 4

Dx = 1.435 Mg m�3

Mo K� radiation
Cell parameters from 2288

reflections
� = 2.4–27.5�

� = 0.30 mm�1

T = 100 (2) K
Prism, orange
0.4 � 0.2 � 0.2 mm

Data collection

Bruker SMART APEX CCD area-
detector diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2003)
Tmin = 0.845, Tmax = 0.941

6163 measured reflections

2085 independent reflections
1908 reflections with I > 2�(I)
Rint = 0.029
�max = 27.5�

h = �9! 9
k = �9! 9
l = �21! 22

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.052
wR(F 2) = 0.120
S = 1.12
2085 reflections
132 parameters
H atoms treated by a mixture of

independent and constrained
refinement

w = 1/[�2(Fo
2) + (0.0528P)2

+ 0.4415P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.54 e Å�3

��min = �0.28 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N1—H1� � �O1i 0.826 (15) 2.042 (17) 2.854 (2) 166.99 (16)

Symmetry code: (i) xþ 1; y; z.

All H atoms were initially located in a difference Fourier map. The

methyl H atoms were then constrained to an ideal geometry with C—

H distances of 0.98 Å and Uiso(H) = 1.5Ueq(C), but each group was
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Figure 1
A view of the molecular structure of (I), with the atom-numbering scheme
and 30% probability displacement ellipsoids. H atoms are represented by
circles of arbitrary size.

Figure 2
A view of the hydrogen bonding (dashed lines) in compound (I).

Figure 3
The crystal packing of (I). Hydrogen bonds are shown as dashed lines.



allowed to rotate freely about its C—C bond. The position of the

amine H atom was refined freely along with an isotropic displacement

parameter. All other H atoms were placed in geometrically idealized

positions and constrained to ride on their parent atoms with C—H

distances of 0.95 Å and Uiso(H) = 1.2Ueq(C).

Data collection: SMART (Bruker, 1999); cell refinement: SAINT

(Bruker, 1999); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEP-3 (Farrugia, 1997) and MERCURY (Version 1.4; Bruno et al.,

2002; Taylor & Macrae, 2001); software used to prepare material for

publication: SHELXTL (Bruker, 1999).

The authors are grateful to the research funds of TUBITAK

TBAG-2307 (103 T041) for financial support.

References

Akkurt, M., Öztürk Yıldırım, S., Baryala, Y., Zerzouf, A., Essassi, E. &
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Büyükgüngör, O. (2005). Acta Cryst. E61, o2716–o2717.

Aravindan, P. G., Rajakannan, V., Yogavel, M., Velmurugan, D., Senthilvelan,
A. & Suh, I. (2003). Acta Cryst. E59, o622–o624.

Bruker (1999). SMART, SAINT and SHELXTL. Bruker AXS Inc., Madison,
Wisconsin, USA.

Bruno, I. J., Cole, J. C., Edgington, P. R., Kessler, M. K., Macrae, C. F., McCabe,
P., Pearson, J. & Taylor, R. (2002). Acta Cryst. B58, 389–397.

Chaffman, M. & Brogden, R. N. (1985). Drugs, 29, 387–454.
Desai, D. & Mehta, R. H. (1997). Indian J. Heterocycl. Chem. 6, 241–244.
Ergen, C. N., Ulusoy, N., Capan, G., Sains, G. O. & Kiraz, M. (1996). Arch.

Pharm. (Weinheim), 329, 427–430.
Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Ferguson, G. & Ruhl, B. (1982). Cryst. Struct. Commun. 11, 1033–1038.
Habib, N. S., Solimon, R., Ashour, F. A. & El-Taiebi, M. (1997). Pharmazie, 52,

844–847.
Invidiata, F. P., Simoni, D., Scintu, F. & Pinna, N. (1996). Farmaco, 51, 659–664.
Kando, A. & Hashimoto, O. (1993). Jpn. J. Pharmacol. 63, 121–126.
Keita, A., Essassi, E. M. & Salem, M. (2000). J. Soc. Chim. Tunis. 4, 747–752.
Miky, J. A. A., Saleh, N. M., Shmeiss, N. A. M. M. & Fadl-Allah, E. M. (1997).

Egypt. J. Pharm. Sci. 38, 221–231.
Rao, A. K., Raju, M. S. & Raju, K. M. (1982). Acta Cienc. Indica Ser. Chem. 8,

224–227.
Rao, A. K., Raju, M. S. & Raju, K. M. (1983). Acta. Cienc. Indica Ser. Chem. 9,

200–203.
Sastry, C. V. R., Rao, K. S., Krishnan, V. S. H. & Rastog, K. (1990). Indian J.

Chem. Sect. B, 29, 297–299.
Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of

Göttingen, Germany.
Sheldrick, G. M. (2003). SADABS. University of Göttingen, Germany.
Taylor, R. & Macrae, C. F. (2001). Acta Cryst. B57, 815–827.
Vladimirov, Y. A., Parfenov, E. A., Epanchintseva, O. M. & Smirnov, L. N.

(1991). Byull. Eksp. Biol. Med. 112, 358–360. (In Russian.)
Wang, X., Zeng, Z., Li, Y. & Shi, D. (2005). Acta Cryst. E61, o2599–o2601.

organic papers

o1638 Kara et al. � C11H11NOS Acta Cryst. (2006). E62, o1636–o1638


	mk1

