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a b s t r a c t

Crystal structures of 4,5-bis(bromomethyl)-1,3-dithiole-2-thione (1) and 4,5-bis(bromomethyl)-1,3-
dithiol-2-one (2) were determined and analyzed. Both compounds pack in the same C2/c space group
and adopt very similar molecular geometries. Patterns of intermolecular contacts, analyzed with the help
of Hirshfeld surfaces and fingerprint plots, on the other hand, are remarkably different. The dominant
interactions in the packing of 1 are short Br� � �Br contacts and non-classical CAH� � �Br hydrogen bonds.
For 2, the packing is governed by short CAH� � �O@C hydrogen bonds, and longer CAH� � �Br and S� � �Br con-
tacts play only a secondary role.

� 2011 Elsevier B.V. All rights reserved.

1. Introduction

The study of noncovalent interactions plays an increasingly
important role in modern chemical research [1]. They are consid-
ered nowadays keystones in supramolecular chemistry, materials
science, and even biochemistry. The importance of such interac-
tions, which include weak hydrogen bonds [2], halogen bonds
[3], and various types of interactions involving p-systems [4], in
shaping the formation of crystal lattices of organic compounds is
now fully recognized, which makes deeper investigations into the
nature of these weak H-bonds and halogen interactions in crystal-
line materials an area of current interest.

Herein we analyze the molecular structures and crystal packing
of two five-membered heterocyclic derivatives, 4,5-bis(bromo-
methyl)-1,3-dithiole-2-thione (1) and 4,5-bis(bromomethyl)-1,3-
dithiol-2-one (2). Both compounds were used as intermediates
for the preparation of various pyrrolo-tetrathiafulvalene deriva-
tives [5–7]. Packing motifs for the two reported compounds show
an interesting interplay of CAH� � �O@C and CAH� � �Br non-classical
hydrogen bonds and Br� � �Br and Br� � �S soft–soft close contacts. De-
spite the similarity of molecular architectures, packing motifs for 1
and 2 are strikingly different. Hirshfeld surface analysis [8] is used

to decipher the intermolecular interactions in the crystal packing
of 1 and 2.

2. Experimental

2.1. Synthesis and crystallization

4,5-Bis(bromomethyl)-1,3-dithiole-2-thione 1 was prepared by
bromination of the corresponding diol, 4,5-bis(hydroxymethyl)-
1,3-dithiole-2-thione, using phosphorous tribromide, as described
before [5]. Large X-ray quality yellow transparent crystals were
grown by slow evaporation of a chloroform/heptane solution.
Mp: 128–128.5 �C; 1H NMR (200 MHz, CDCl3): d = 4.33 (s, 4H);
13C NMR (50 MHz, CDCl3): d = 20.3, 139.4, 208.3.

4,5-Bis(bromomethyl)-1,3-dithiol-2-one 2 was prepared by rad-
ical bromination of 4,5-dimethyl-1,3-dithiol-2-one with N-bromo
succinimide (NBS) as described elsewhere [6]. Large X-ray quality
colorless transparent crystals were grown by slow evaporation of
a chloroform solution in an NMR tube. Mp: 153–154 �C; 1H NMR
(200 MHz, CDCl3): d = 4.38 (s, 4H); 13C NMR (50 MHz, CDCl3):
d = 21.5, 130.0, 187.4.

2.2. X-ray data collection and refinement

X-ray diffraction measurements were performed on a Bruker
AXS SMART APEX CCD diffractometer with graphite monochroma-
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tized Mo Ka radiation at 100 K using APEX2 software [9] for data
collection. Cell refinement, data reduction and absorption correc-
tion employing the multi-scan method were performed using
SAINT [9]. The structure was solved by direct methods with the
help of SIR92 [10], refinements were carried out by full-matrix
least-square techniques using CRYSTALS [11]. All non hydrogen
atoms were refined anisotropically. The H atoms were located from
a difference map and initially refined with soft restraints on the
bond lengths and angles to regularize their geometry (CAH in
the range 0.93–0.98 Å) and Uiso(H) (in the range 1.2–1.5 times Ueq

of the parent atom), after which the positions were refined with
riding constraints [12]. Crystal data together with collection and
refinement details for compounds 1 and 2 are presented in Table 1.

ORTEP diagrams were drawn using Ortep-3 for Windows [13].
Crystal structures were analyzed using the PLATON package [14].
Packing diagrams were prepared with the help of Mercury v. 2.2
[15].

2.3. Hirshfeld surface analysis

Molecular Hirshfeld surfaces in crystal structures are based on
the electron distribution calculated as the sum of spherical atom
electron densities of a molecule [16]. The Hirshfeld surface enclos-
ing a molecule is defined by points where the contribution to the
electron density from the molecule of interest is equal to the con-
tribution from all the other molecules. For each point on such an
isosurface two distances are defined: de, the distance from the
point to the nearest nucleus external to the surface, and di, the dis-
tance to the nearest nucleus internal to the surface. The distances
de and di provide a three-dimensional picture of close intermolec-
ular contacts in a crystal structure [8]. The normalized contact dis-
tance, dnorm, is a symmetric function based on both de and di, and
the van der Waals (vdW) radii of atoms internal or external to
the surface:

dnorm ¼ ðdi � rvdW
i Þ=rvdW

i þ ðde � rvdW
e Þ=rvdW

e

The value of dnorm is negative/positive when intermolecular con-
tacts are shorter/longer than vdW separations, enabling identifica-

tion of the regions of particular interest in relation to
intermolecular interactions [8b,c]. Graphical plots of the molecular
Hirshfeld surfaces mapped with dnorm use the red–white–blue color
scheme with red highlighting the shorter intermolecular contacts,
white showing the contacts around the vdW separation, and blue
being used to indicate the longer contact distances.

The combination of di and de in the form of a 2D fingerprint plot
affords a concise summary of intermolecular contacts in the crystal
[17]. Such plots are generated by binning of (di, de) pairs in inter-
vals of 0.01 Å and coloring each bin (a single pixel on the plot) of
the resulting 2D histogram as a function of the fraction of surface
points in that bin. Color ranges from blue (few points) through
green to red (many points). Resolved fingerprint plots are used to
identify particular close contacts in the crystal structure, such as
H-bonds or halogen–halogen interactions.

Hirshfeld surfaces became a useful tool for the analysis of inter-
molecular interactions in crystals and were employed in studies of
phenomena such as polymorphism [18], inclusion complexes [19],
pressure-induced effects [18a,20], and others. The Hirshfeld sur-
faces and fingerprint plots presented in this paper were prepared
using the program Crystal Explorer 2.1 [21].

3. Results and discussion

3.1. Molecular structures

Both compounds 1 and 2 crystallize in monoclinic system in
C2/c space group with crystallographically imposed twofold sym-
metry. For that reason, the common IUPAC numbering scheme
could not be applied. The molecular structures with atom number-
ing schemes are shown in Fig. 1 and selected geometrical parame-
ters are summarized in Table 2. Bond lengths and distances may be
considered normal. The molecular frameworks excluding Br6 are
essentially planar, with maximum and r.m.s. deviations of fitted
atoms from the least-squares plane of 0.009(1) (S3) and 0.002 Å,
for 1, and of 0.025(2) (C5) and 0.002 Å for 2, respectively. The bro-
mine atoms are directed to the opposite sides of the ring systems,
with S3AC4AC5ABr6 torsion angles of 64.63(18)� for 1 and

Table 1
Crystal data, collection and refinement details for compounds 1 and 2.

1 2

Formula C5H4Br2S3 C5H4Br2OS2

Mr 320.09 304.03
Crystal system, space group Monoclinic, C2/c Monoclinic, C2/c
a (Å), b (Å), c (Å) 7.510(2), 16.984(5), 7.532(2) 14.910(5), 7.894(3), 7.414(3)
b (�) 111.234(4) 104.974(4)
V (Å3) 895.5(4) 843.0(5)
Z 4 4
Dcalc (g cm�3) 2.374 2.395
l (mm�1) 9.673 10.039
F(000) 608 576
Crystal color, habit Yellow, block Colorless, block
Crystal size (mm) 0.40 � 0.45 � 0.55 0.39 � 0.47 � 0.52
Temperature (K) 100 100
Radiation type, wavelength (Å) Mo Ka, 0.71073 Mo Ka, 0.71073
H range (�) 2.4–30.9 2.8–30.9
Index range �10 6 h 6 10 �21 6 h 6 21

�24 6 k 6 24 �11 6 k 6 11
�10 6 l 6 10 �10 6 l 6 10

Absorption correction Multi-scan, Bruker APEX2 [9]
Tmin, Tmax 0.376, 0.746 0.411, 0746
Reflections collected/unique/observed [I > 2.0r(I)] 4390/1338 4028/1257
Rint 0.024 0.035
Data/restraints/parameters 1338/0/48 1257/0/48
R[F2 > 2r(F2)] 0.0210 0.0225
wR(F2) 0.0527 0.0566
Goodness-of-fit, S 1.03 1.04
Dqmax, Dqmin (e Å�3) �0.62, 1.19 �0.71, 0.60
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