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The title compound, C5H6BrNO4S, crystallizes in the centro-

symmetric space group P21/c. Three weak CÐH� � �O
hydrogen bonds dominate the packing of the molecules in

the solid. These weak hydrogen bonds and a short inter-

molecular O� � �Br contact of 3.003 (2) AÊ are discussed using a

Mulliken population analysis.

Comment

Thiolene 1,1-dioxides are an easily accessible class of hetero-

cyclic compounds and among their derivatives are compounds

with useful properties. Nitro-containing thiolene 1,1-dioxides

have proved to be useful models for studying theoretical

problems such as allyl±vinyl isomerization and oxime±nitronic

tautomerism (Perekalin et al., 1994). The introduction of a

halogen atom into the ring of nitrothiolene 1,1-dioxide leads

to the appearance of speci®c properties. Bromo derivatives of

3-methyl-4-nitro-thiolene 1,1-dioxide have been shown to

undergo halo- and prototropic rearrangements under mild

conditions (Efremova et al., 2002). The title compound,

2-bromo-3-methyl-4-nitro-2-thiolene 1,1-dioxide, (I), is the

major product formed during these transformations.

One molecule of (I) is contained in the asymmetric unit,

with all atomic positions located on general positions. The

structure of (I) is very similar to that of the structural isomer

4-bromo-3-methyl-4-nitro-2-thiolene 1,1-dioxide, (II) (Efre-

mova et al., 2003). The bond lengths and angles for both

isomers are comparable; data for (I) are given in Table 1. The

®ve-membered heterocyclic ring in both compounds has an

envelope conformation, with atoms S1, C2, C3 and C4 in the

same plane, as expected, due to the sp2 hybridization of atoms

C2 and C3. Atom C5 is out of this plane by 0.218 (6) AÊ in (I),

pointing away from the nitro group on C4 towards the less

sterically hindered side of the molecule (Fig. 1). In the isomer,

(II), with both the bromine and the nitro group on C4, atom

C5 points above the plane towards the nitro group.

The packing of the molecules in (I) is mainly dependent on

three weak hydrogen bonds, C5ÐH5A� � �O2, C4ÐH4� � �O2

and C4ÐH4� � �O4 (Table 2), consistent with previous obser-

vations (Desiraju & Steiner, 1999). These hydrogen bonds are

the result of the electron-withdrawing nature of the sulfonyl

and nitro groups. The Mulliken population analysis (Mulliken,

1955) for a molecule of (I) from Hartree±Fock calculations

using a 3-21G(*) basis set (PC Spartan Pro; Wavefunction,

2000) con®rmed that the O atoms of these two groups carry

signi®cant negative atomic charges; the average atomic charge

on the O atoms in the sulfonyl group is ÿ0.56 (1) e, and that

on the O atoms in the nitro group is ÿ0.374 (4) e. Atoms H4

and H5A are in close proximity to the ±SO2 and ±NO2 groups,

which makes them the most positively charged H atoms in the

compound. The Mulliken population analysis veri®ed this,
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Figure 2
The cell of (I) viewed along a (c vertical). The dashed lines indicate the
short contacts between molecules of (I).

Figure 1
A view of the molecule of (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level and H
atoms are shown as small spheres of arbitrary radii.
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with atomic charges of 0.321 (3) and 0.325 (2) e for atoms H4

and H5A, respectively. For comparison, the H atoms in the C6

methyl group have an average atomic charge of 0.255 (11) e,

and atom H5B has an atomic charge of 0.304 (2) e.

These hydrogen-bonding interactions result in a layered

network of molecules of (I) perpendicular to the b axis (Fig. 2).

Within these sheets, there is also a short intermolecular

interaction of 3.002 (3) AÊ between atom Br1 and atom O3 of

the nitro group. The Mulliken population analysis showed that

the Br atom has a very small positive atomic charge

[0.080 (1) e], consistent with an unexpected weak attractive

interaction with O3 located at (ÿ1 + x, y, ÿ1 + z).

Experimental

Bromine (0.83 g, 0.26 ml, 5 mmol) was added dropwise into a stirred

suspension of sodium 1,1-dioxo-3-methyl-2-thiolenyl-4-nitronate

(0.5 g, 2.5 mmol) in dry ether (15 ml) at room temperature. The

sodium salt dissolved and colourless crystals were formed. After

1.5 h, crystals of NaBr were ®ltered off and the mother liquor was

concentrated by evaporation in a Petri dish. A colorless oil (0.63 g)

was formed, which was crystallized from methanol to give a colorless

deposit, and this was washed with methanol and dried. This

preparation produced both the title compound, 2-bromo-3-methyl-4-

nitro-2-thiolene 1,1-dioxide, (I), and 2,4-dibromo-3-methyl-4-nitro-2-

thiolene 1,1-dioxide. Fractional recrystallization from chloroform

yielded 0.25 g (39%) of (I) (m.p. 433±434 K and 0.24 g (29%) of 2,4-

dibromo-3-methyl-4-nitro-2-thiolene 1,1-dioxide (m.p. 372±373 K).

Elemental analysis of (I), found: C 23.49 and 23.44, H 2.53 and 2.51, N

5.49 and 5.51%; calculated for C5H6BrNO4S: C 23.40, H 2.34, N

5.47%.

Crystal data

C5H6BrNO4S
Mr = 256.08
Monoclinic, P21=c
a = 5.0733 (10) AÊ

b = 18.465 (4) AÊ

c = 10.029 (2) AÊ

� = 115.12 (3)�

V = 850.6 (3) AÊ 3

Z = 4

Dx = 2.00 Mg mÿ3

Mo K� radiation
Cell parameters from 3563

re¯ections
� = 1.0±27.5�

� = 5.05 mmÿ1

T = 185 (2) K
Rod, colorless
0.31 � 0.24 � 0.11 mm

Data collection

Nonius KappaCCD area-detector
diffractometer

' and ! scans to ®ll Ewald sphere
Absorption correction: multi-scan

(HKL2002; Otwinowski & Minor,
1997)
Tmin = 0.287, Tmax = 0.574

7018 measured re¯ections

1933 independent re¯ections
1603 re¯ections with I > 2�(I)
Rint = 0.040
�max = 27.4�

h = ÿ6! 6
k = ÿ23! 23
l = ÿ12! 12

Re®nement

Re®nement on F 2

R(F ) = 0.031
wR(F 2) = 0.073
S = 1.07
1933 re¯ections
111 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0290P)2

+ 0.7325P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.34 e AÊ ÿ3

��min = ÿ0.53 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0029 (9)

H atoms were treated as riding, with CÐH distances in the range

0.96±0.98 AÊ .

Data collection: COLLECT (Nonius, 1998); cell re®nement: HKL

SCALEPACK (Otwinowski & Minor, 1997); data reduction: HKL

DENZO (Otwinowski & Minor, 1997); program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

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

ORTEP-3 (Farrugia, 1997) and ATOMS (Dowty, 1997); software

used to prepare material for publication: WinGX (Farrugia, 1999).

The authors wish to thank Dale Swenson at the University

of Iowa for the data collection and the Chemistry Department

of the University of Iowa for ®nancial support. They are also

grateful for useful discussions with Dr Jeffrey Elbert.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GA1005). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �).

S1ÐC2 1.754 (3)
C2ÐC3 1.332 (4)
C3ÐC4 1.520 (4)
C4ÐC5 1.524 (4)

C5ÐS1 1.784 (3)
C6ÐC3 1.487 (4)
C2ÐBr1 1.868 (3)
N1ÐC4 1.522 (3)

S1ÐC2ÐC3 114.65 (19)
S1ÐC2ÐBr1 117.29 (14)

C2ÐC3ÐC4 112.8 (2)
C2ÐC3ÐC6 127.7 (2)

Br1ÐC2ÐC3ÐC6 ÿ0.1 (4) S1ÐC2ÐC3ÐC4 0.4 (3)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

C5ÐH5A� � �O2i 0.97 2.34 3.286 (3) 163
C4ÐH4� � �O2ii 0.98 2.50 3.238 (3) 132
C4ÐH4� � �O4iii 0.98 2.52 3.388 (3) 147

Symmetry codes: (i) x; 1
2ÿ y; 1

2� z; (ii) 1� x; 1
2ÿ y; 1

2� z; (iii) 1� x; y; z.


