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The crystal structures of the 4-halogenoethynylbenzenes are
quite similar and exhibit ·CH···p interactions, whereas the
structure of 4-fluoroethynylbenzene has very interesting and
rare intermolecular ·CH···F contacts.

The X-ray crystal structures of 1,4-dihalogenobenzenes
(a-form of 1,4-dichlorobenzene) are, for the most part,
isomorphous;1–6 notable exceptions are the structures of
1,4-diiodobenzene7 and those which contain fluorine.8 For
mixed 1,4-dihalogenobenzenes a disorder was found such that
the positions of the ring carbon atoms are almost fixed, but the
sites of the halogens are crystallographically equivalent.1,9 The
packing motif typically found in 1,4-dihalogenobenzenes is a
zigzag pattern of intermolecular X···X interactions.

Fluorine containing compounds, however, crystallize differ-
ently.8 Fluorine often plays a special role in that it is expected
not to exhibit intermolecular F···F contacts. We recently
reported the crystal structures of a series of ethynylated
benzenes in which ·CH···p interactions predominated.10 Com-
bining both moieties (halogen and ethynyl group) in a single
benzene derivative might lead to a deeper insight into the
intermolecular interactions of the ethynyl group.

Accordingly we present the crystal structures of the
4-X-ethynylbenzenes (with X = F 4, Cl 1, Br 2 and I 3).† The

X-ray structures of compounds 1, 2 and 3 are isomorphous. The
cell dimensions are quite similar and remarkably also compara-
ble to those of the 1,4-dihalogenobenzenes. The packing motif
of 1 is easy to surmise: the molecules form a layer structure in
the bc plane similar to that observed in the a-form of
1,4-dichlorobenzene,2–4 in 1,4-dibromobenzene,5 and also in
1,4-diethynylbenzene.10,11 The molecules are tilted by 32.7° out
of this plane (Fig. 1) and are held together by attractive ·CH···p

and Cl···Cl contacts, both of which dominate the packing. This
geometry of T-shaped ·CH···p hydrogen bridges is known from
other alkynes,12 as well as the zigzag pattern of the terminal
chlorine atoms (e.g. in the a-form of 1,4-dichlorobenzene2–4).
The ·CH···p contacts to the center of the triple bond are quite
short whereas the intermolecular Cl···Cl distances are relatively
long (Table 1) but still have a significant attractive character.

Molecules 2 and 3 are disordered in the same manner as the
mixed 1,4-dihalogenobenzenes: the center of inversion is in the
center of the disordered ring system. This means that if the
disorder is resolved 50% of the 1- and 4-positions of the
benzene ring are occupied by the halogen atom and 50% by the
ethynyl group (Fig. 2). Nevertheless, the packing motifs are the
same as in 1 or in the 1,4-dihalogenobenzenes with the same
zigzag pattern at the two ends of the molecules. For bromide 2,
two different positions of the ring system could be found and
refined. The intermolecular interactions that determine the
crystal packing are ·CH···p and X···X. Hydrogen bridges
between the ethynyl hydrogen atom to bromine or iodine might
exist if statistical disorder is assumed; however, this is not very
likely because the resulting ·CH···X distances are much shorter
than the sums of the van der Waals radii (dH···Br = 243.9,
SvdW = 299; dH···I = 238.9, SvdW = 314 pm13). This indicates
that the disorder is not statistical; instead there exists a disorder
in which ordered domains or layers within the lattice are
statistically distributed in the crystal.

Fig. 1 View along a-axis of the crystal structure of 1

Table 1 Selected intermolecular geometric parameters of compounds
1–3a

Comp. d(X–X)/pm 3(C–X···X)(°) d(·CH···M)/pm 3(·CH···M)(°)

1 379.0 92.5 357.9 171.9
2 386.7 96.1 266.9 173.6
3 394.9 97.0 255.7 174.9

a M represents the center of the triple bond, X the halogen atoms. The
positions of the hydrogen atoms were normalized to a C–H distance of 108
pm.

Fig. 2 The type of disorder of 2 and 3
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In contrast to the other systems, the packing of fluoride 4 is
totally different, as is shown in Fig. 3. Two attractive forces
dominate the arrangement. In both cases the ethynyl hydrogen
atoms serve as hydrogen bridge donors. One acceptor is the
triple bond, but this contact does not possess an ideal geometry:
The ·CH···p distance is comparatively long (307.6 pm) and the
angle ·C–H···p is rather small (129.4°). The other attractive
contact is much more interesting: a hydrogen bond to covalently
bound organic fluorine is very much disputed.14,15 The ·CH···F
distance in 4 is 226.4 pm and thus is significantly shorter than
the sum of the van der Waals radii (254 pm13). The ·CH···F
angle of 140.4° supports the assumption that a ·CH···F
hydrogen bridge exists, at least if the carbon atom is sp-
hybridized. This is also sustained by the fact, that the packing of
4 is totally different compared to 4-halogenoethynylbenzenes
1–3. Therefore we must conclude that the predominant
interactions in 4 consist of ·CH···F hydrogen bridges.

We gratefully acknowledge the DFG, the Fonds der Chem-
ischen Industrie and the NSF for financial support of this
work.

Footnotes and References

* E-mail: boese@structchem.uni-essen.de
† Crystal data for 1: C8H5Cl (Aldrich), no recrystallization necessary, space
group P21, a = 3.881(3), b = 5.811(4), c = 14.455(9) Å, b = 95.02(5)°,
V = 324.7(4) Å3, Z = 2, Dc = 1.40 g cm23, 1016 unique reflections Fo >
4s(Fo), 102 parameters, 2qmax = 60°, R1 = 0.039.

For 2: C8H5Br,16 crystals obtained by sublimation; space group P21/c,
a = 3.941(1), b = 5.827(2), c = 14.779(4) Å, b = 94.57(2)°, V = 338.3(2)
Å3, Z = 2, Dc = 1.78 g cm23, 1065 unique reflections Fo > 4s(Fo), 87
parameters, 2qmax = 80°, R1 = 0.062.

For 3: C8H5I;17 crystals obtained by sublimation; space group P21/c,
a = 4.046(1), b = 5.888(2), c = 15.322(5) Å, b = 93.63(3)°, V = 364.3(2)
Å3, Z = 2, Dc = 2.08 g cm23, 1255 unique reflections Fo > 4s(Fo), 64
parameters, 2qmax = 70°, R1 = 0.052.

For 4: C8H5F (Aldrich), no recrystallization necessary, space group
P21/c, a = 7.065(3), b = 6.587(3), c = 13.241(6) Å, b = 99.65(3)°,
V = 607.5(4) Å3, Z = 4, Dc = 1.31 g cm23, 1529 unique reflections Fo >
4s(Fo), 103 parameters, 2qmax = 60°, R1 = 0.055.

All measurements were performed on a Nicolet R3m/V X-ray four circle
diffractometer at 125 K. Mo-Ka X-rays (l = 0.71073 Å), graphite
monochromator and the program SHELXTL18 refined on F2, H-atom
positions taken from difference fourier maps and refined free and
isotropically. CCDC 182/650.
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Fig. 3 The two interactions which dominate the packing in the structure of
4
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