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A new type of benzothiazolinone derivative with potential

pharmacological activity, viz. 6-(3,4-di¯uorobenzoyl)-3-[2-(4-

pyridyl)ethyl]-1,3-benzothiazol-2(3H)-one, C21H14F2N2O2S,

has been prepared and studied by NMR, IR and single-crystal

X-ray diffraction techniques. The molecule is not planar, the

pyridine and di¯uorobenzene moieties being located above

and below the benzothiazole ring system. The carbonyl O

atoms are involved in an intramolecular hydrogen-bond-type

interaction.

Comment

Benzothiazole derivatives possess a broad spectrum of phar-

macological activity, including antibacterial, antifungal

(Delmas et al., 2002; Kanoongo et al., 1990; Karalõ et al., 2004;

Lakhan et al., 2000), dopaminergic (Weinstock et al., 1987),

anticonvulsant (Chopade et al., 2002), antiadrenergic (Di

Nunno et al., 2000) and analgesic anti-in¯ammatory activities

(GoÈ khan et al., 2004; Khedekar et al., 2003). The medicinal

importance of these derivatives prompted us to synthesize a

3-substituted-2-benzothiazolinone derivative and clarify its

structure.

It has been stated that 2-hydroxybenzothiazole may also

exist in the tautomeric form (Katritzky, 1985). The vinyl-

pyridine group therefore may be bonded to the 6-acyl-2-

benzothiazolinone moiety through both the N and the O

atoms, depending on whether the molecule existed in the

hydroxy or the ketone form, and a mixture of N-substituted or

O-substituted benzothiazolinone derivatives may be gener-

ated. The present work has been carried out in order to

determine the stereochemistry of the reactive tautomeric

form.

The title compound, (I), was synthesized by the reaction of

6-(3,4-di¯uorobenzoyl)benzothiazolin-2-one with 4-vinyl-

pyridine. The structure of (I) was suggested by IR, 1H NMR

and elemental analysis. In order to obtain information about

the stereochemistry of the molecule and to con®rm the

assigned structure, an X-ray analysis was undertaken. The

biological activity of (I) is under investigation.

The molecular structure and atom-numbering scheme are

shown in Fig. 1, and the arrangement of the molecules in the

unit cell is shown in Fig. 2. Selected bond lengths and angles

are listed in Table 1. The benzothiazole ring system is planar,

the greatest deviations from the least-squares plane of the

system being those of atoms C3 [ÿ0.016 (2) AÊ ] and C1

[0.0142 (2) AÊ ]. The dihedral angle between the planes asso-

ciated with the benzene and thiazoline rings is only 0.55 (8)�.
This value is close to those found for other structures including

a benzothiazole ring system [e.g. 0.3 (1)� (CÂ aleta et al., 2004)

and 2.3 (4)� (CastinÄ eiras et al., 2000)].

The pyridylethyl moiety at atom N1 is rotated around the

N1ÐC8 and C9ÐC10 bonds, giving C7ÐN1ÐC8ÐC9 and

C8ÐC9ÐC10ÐC14 torsion angles of 81.9 (3) and 98.3 (3)�.
The dihedral angle between the ring planes is 1.08 (9)�, so that

the pyridine ring is almost parallel to the benzothiazole ring

system. The di¯uorobenzene moiety is nearly planar, and

atoms F1 and F2 lie ÿ0.043 (2) and 0.56 (2) AÊ from the mean

plane of the benzene ring atoms. The carbonyl group at atom

C4 is inclined with respect to the benzothiazole system; atom

O2 lies 0.853 (2) AÊ from the mean ring plane. The dihedral

angle between the plane de®ned by atoms O2, C4, C15 and

C16 and the plane of the benzene ring is 33.3 (1)�.
In the thiazoline ring, the S1ÐC1 bond is longer than the

S1ÐC2 bond [1.746 (2) AÊ versus 1.784 (2) AÊ ] and is also

longer than the accepted value for an SÐCsp2 single bond

[1.762 AÊ for O CÐSÐC; Allen et al., 1987]. The difference

between the S1ÐC1 and S1ÐC2 bond lengths can be attrib-

uted to the fact that carbonyl atom O1 is bonded to atom C1,

whereas atom C2 belongs to the aromatic ring. The SÐC

distances are in agreement with those found for other struc-

tures containing benzothiazolinone, such as 2-hydroxybenzo-

thiazole [1.7767 (13) and 1.7479 (13) AÊ ; Flakus et al., 2002] and

methyl 3-[5-choloro-2-oxo-2H-1,3-benzothiazol-3-yl]propano-
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Figure 1
The molecular structure of (I). Displacement ellipsoids are drawn at the
50% probability level.



ate [1.776 (3) and 1.742 (3) AÊ ; Aydõn et al., 2002]. The N1ÐC1

[1.377 (3) AÊ ] and N1ÐC7 [1.380 (3) AÊ ] bond lengths are

within the usual range for Csp2ÐNsp2 bonds, while the N1Ð

C8 bond length [1.464 (2) AÊ ] is close to the average length of

Csp3ÐNsp2 bonds (Allen et al., 1987). These values are

comparable to those of other structures {1.3589 (16) and

1.3911 (16) AÊ in 2-hydroxybenzothiazole, and 1.362 (4),

1.401 (4) and 1.469 (3) AÊ in methyl 3-[5-choloro-2-oxo-2H-

1,3-benzothiazol-3-yl]propanoate}. The sum of the angles

about atom N1 (360�) indicates a planar sp2 environment.

In this structure, the orientations of carbonyl atoms O2 and

O1 toward the benzothiazole and ethyl groups, respectively,

are consistent with an intramolecular hydrogen-bond-type

interaction. In this manner, carbonyl groups are involved in

the formation of a ®ve-membered ring structure [C5� � �O2 =

2.830 (3) AÊ , C5ÐH5� � �O2 = 95�, C8� � �O1 = 2.835 (3) AÊ and

C8ÐH8B� � �O1 = 100�]. The crystal packing of (I) is shown in

Fig. 2. There are no intermolecular hydrogen bonds, but the F

atoms of the phenyl substituent are involved in short inter-

molecular contacts [F1� � �F1i = 2.814 (3) AÊ and S1� � �F2ii =

3.347 (2) AÊ ; symmetry codes: (i) ÿx, ÿy, ÿz; (ii) 1
2 ÿ x, 1

2 + y,
1
2 ÿ z].

Experimental

For the synthesis of (I), 4-vinylpyridine (7.5 mmol) was added to

6-(3,4-di¯uorobenzoyl)benzothiazolin-2-one (2.5 mmol). The reac-

tion mixture was heated under re¯ux in an oil bath until molten and

then for an additional 2 h at 353 K. On addition of a cold alcohol±

water mixture, the product separated and the resulting precipitate

was collected by ®ltration (GoÈ khan et al., 1999) (yield 61.41%; m.p.

399±401 K). The crude product was recrystallized from ethanol±

water. IR (KBr, cmÿ1): � 1692 (lactam C O), 1649 (aromatic

ketone); 1H NMR (CDCl3): � 3.071±3.109 (t, 2H, CH2±Ar), 4.243±

4.280 (t, 2H, N±CH2), 7.026±7.047 (d, J = 8.4 Hz, 1H, benzothiazolin-

2-one H-4), 7.162±7.173 (d, J = 4.4 Hz, 2H, pyridine H-2, H-6), 7.315±

7.339 (t, 1H, benzene H-50), 7.53±7.57 (s, 1H, benzene H-20), 7.624±

7.674 (t, 1H, benzene H-60), 7.728±7.754 (d, J = 10 Hz, benzothiazolin-

2-one H-5), 7.922±7.926 (s, 1H, benzothiazolin-2-one H-7), 8.529±

8.543 (d, J = 8 Hz, 2H, pyridine H-3, H-5). Analysis calculated for

C21H14F2N2O2S: N 7.07, S 8.09%; found: N 6.93, S 7.81%.

Crystal data

C21H14F2N2O2S
Mr = 396.4
Monoclinic, P21=n
a = 7.2985 (15) AÊ

b = 19.4347 (19) AÊ

c = 12.6638 (16) AÊ

� = 93.020 (1)�

V = 1793.8 (5) AÊ 3

Z = 4
Dx = 1.468 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 11±18.1�

� = 0.22 mmÿ1

T = 295 (2) K
Prism, colourless
0.54 � 0.42 � 0.12 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

Non-pro®led !/2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.852, Tmax = 0.974

3924 measured re¯ections
3636 independent re¯ections
2575 re¯ections with I > 2�(I )

Rint = 0.020
�max = 26.3�

h = ÿ9! 0
k = ÿ24! 0
l = ÿ15! 15
3 standard re¯ections

frequency: 120 min
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.041
wR(F 2) = 0.120
S = 1.02
3636 re¯ections
253 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0601P)2

+ 0.5076P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max < 0.001
��max = 0.22 e AÊ ÿ3

��min = ÿ0.20 e AÊ ÿ3

H atoms were placed in idealized positions and re®ned using a

riding model [Uiso(H) = 1.3Ueq(C), CÐH = 0.93 AÊ (aromatic) and

CÐH = 0.97 AÊ (ethyl)].

Data collection: CAD-4 EXPRESS (Enraf±Nonius, 1994); cell

re®nement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms &

Wocadlo, 1995); program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEP-3 for Windows

(Farrugia, 1997); software used to prepare material for publication:

WinGX (Farrugia, 1999).
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Table 1
Selected geometric parameters (AÊ , �).

S1ÐC2 1.746 (2)
S1ÐC1 1.784 (2)
C7ÐN1 1.380 (3)
N1ÐC1 1.377 (3)
N1ÐC8 1.464 (2)
O1ÐC1 1.204 (3)
O2ÐC15 1.219 (2)
C15ÐC4 1.480 (3)

C15ÐC16 1.500 (3)
N2ÐC13 1.311 (3)
N2ÐC12 1.319 (3)
F2ÐC20 1.347 (3)
C8ÐC9 1.522 (3)
F1ÐC19 1.353 (3)
C10ÐC9 1.505 (3)

C2ÐS1ÐC1 91.49 (10)
N1ÐC7ÐC2 112.95 (17)
C1ÐN1ÐC7 115.86 (16)
C7ÐC2ÐS1 110.72 (15)
C13ÐN2ÐC12 115.0 (2)
C10ÐC11ÐC12 119.6 (2)

O1ÐC1ÐN1 125.9 (2)
N1ÐC1ÐS1 108.94 (15)
N1ÐC8ÐC9 111.37 (17)
N2ÐC12ÐC11 124.7 (2)
C14ÐC10ÐC11 116.13 (19)
N2ÐC13ÐC14 125.2 (2)

C16ÐC15ÐC4ÐC3 ÿ35.4 (3)
C4ÐC15ÐC16ÐC17 ÿ45.7 (3)
C1ÐN1ÐC8ÐC9 ÿ96.6 (2)

C7ÐN1ÐC8ÐC9 81.9 (3)
C14ÐC10ÐC9ÐC8 98.3 (3)
N1ÐC8ÐC9ÐC10 178.9 (2)

Figure 2
The crystal packing of (I), projected on to the bc plane.



Supplementary data for this paper are available from the IUCr electronic
archives (Reference: AV1196). Services for accessing these data are
described at the back of the journal.
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