
The X-ray crystal structures of thiabendazolium halide
dihydrates (C10H8N3S)+·X·2H2O [X = Cl–, Br–] 1, 2 reveal a
novel hydrogen-bonded duplex consisting of alternate edge-
sharing (H2O·X)2 quadrilaterals and (2H2O·X)2 hexagons;
notably these duplexes exist as host lattices and sandwich thia-
bendazole molecules into two different supramolecular archi-
tectures by similar N···X and N···O hydrogen bonds. 

For the last few decades a lot of studies have been focused
on hydrate inclusion compounds in which either hydrogen-
bonded water molecules or to combine with ions constitute a
wide variety of structures have been hitherto reported.1 The
hydrogen bonding involving water molecules and halide ions is
a widespread phenomenon among hydrated halide salts and of
current interest too.2a Of our recent investigations devoted to
hydrogen bonding patterns exhibited by some drug molecules,3

we have come across a striking example of a unique supramole-
cular ladder motif made up of water molecules and halide ions.
Thiabendazole [2-(thiazol-4-yl)-1H-benzimidazole] is used as
an anthelmintic in the treatment of parasitic diseases and also a
fungicide.4 As a part of our research programme, we have
already demonstrated the metal chelating ability5 as well as
hydrogen bonding patterns3b of thiabendazole molecule in dif-
ferent crystalline environments.  Herein, we report the sand-
wich inclusion structures of thiabendazolium halide dihydrates
1, 2 which possess an infinite hydrogen-bonded duplex formed
by a pair of centrosymmetrically related water–halide chains. 

Single crystal X-ray diffraction studies6a,b showed that the
structures 1 and 2 have similar geometrical features at the sin-
gle molecular level but entirely different structures at the
supramolecular level.  The N1 atoms at benzimidazole moieties
of thiabendazole molecules in 1 and 2 are protonated.  The ben-
zimidazole and thiazole ring systems are nearly coplanar, the
dihedral angle between them being 5.41(11)° in 1 and 8.89(12)°

in 2.  The C–C bond connecting the two ring systems [1.449(3)
Å in 1 and 2] is the same length, within experimental error, as
that in neutral thiabendazole [1.442(10) Å].  These values sug-
gest appreciable delocalization across this bond.7

The halide ions in 1 and 2 bridge two water molecules at

the lattice through O···X hydrogen bonds [O1W–H···Cl–=
2.35(4) Å, 163(4)°; O2W–H···Cl–= 2.41 Å, 177(4)°;
O1W–H···Br–= 2.49(5) Å, 170(4)°; O2W–H···Br–= 2.59(6) Å,
174(5)°] making hydrogen-bonded fragments
(O1W···X···O2W).  These fragments again self-assemble in a
cooperative manner to form a linear and infinite hydrogen-
bonded chain via O···O hydrogen bonds [O1W–H···O2W=
1.92(4) Å, 175(4)° in 1; 2.03(5) Å, 167(5)° in 2].  This hydro-
gen-bonded chain pairs with that of centrosymmetrically related
chain through O···X cross-linking hydrogen bonds
[O2W–H···Cl–= 2.33(5) Å, 176(4)°; O2W–H···Br–= 2.64(5) Å,
172(4)°] forming a duplex, a new and unique supramolecular
framework structure.  We refer the term 'duplex' as a linear
hydrogen-bonded double chain which being cross-linked by
symmetrical hydrogen bonds.  In these duplexes, there is an
infinite ladder-like arrangement containing alternate edge-shar-
ing (H2O·X)2 quadrilaterals and (2H2O·X)2 hexagons (Figure
1).  This ladder type water–halide structure is quite different
from those observed in the case of quaternary ammonium salts
characterized by Harmon et al.2b where each water molecule
forms one hydrogen bond to halide ion and one to another water
molecule.  In this case, one water molecule hydrogen bonds to
two halide ions while the other bridges the water and halide.
To the best of our knowledge, there has been no report describ-
ing a linear hydrogen-bonded double chain in the form of such
an ordered supramolecular anionic-water host lattice. 
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It is interesting to note that the fragment (O1W···X···O2W)
is almost linear [O1–Cl––O2= 170.2(1)°] in 1 and highly bend
[O1–Br––O2= 97.9(1)°] in 2, leading to the formation of planar
and twisted-ladders in 1 and 2 respectively.  The N1-H groups
of thiabendazole molecules in 1 and 2 are involved in N···X
intermolecular hydrogen bonds [N1–H···Cl–= 2.30(3) Å,
154(3)°; N1–H···Br–= 2.63(3) Å, 150(3)°] while N3–H groups
make N–O intermolecular hydrogen bonds with water mole-
cules [N3–H···O1W= 1.88(4) Å, 176(3)° in 1; 1.95(3) Å,
173(3)° in 2].  The range of values for hydrogen bonding
parameters observed in these structures agree with the recent
statistical survey8 of hydrogen bonding interactions between
halide anions and organic H-bond donors OH, NH and N+H. 

The two structures 1, 2 dominated by the presence of
duplexes can be best described as sandwich inclusion structures
in which the hydrogen-bonded duplexes act as the host lattice
and thiabendazole molecules as the guest.  The duplexes in 1
and 2 sandwich the thiabendazole molecules by similar N···X
and N···O intermolecular hydrogen bonds, but through two dif-
ferent modes.  In structure 1, the duplexes are not stacked but
anchored side by side through an array of thiabendazole mole-
cules, which are sandwiched.  The duplexes are almost kept
parallel to the bc plane (Figure 2a).  In structure 2, the duplexes

are stacked along the c-axis and anchored one over one by an
array of thiabendazole molecules, which are sandwiched
(Figure 2b).  These remarkable differences at the supramolecu-
lar level may reasonably arise from the geometrical discrepan-
cies involved in the hydrogen-bonded fragments
(O1W···X···O2W) in 1 and 2 which in turn originates from the
hydrogen bond strength and the mode of crystal packing in
water–halide compounds.  Thus, it can be foreseen that the
enhancement of further studies in this direction on the hydrate
inclusion compounds with appropriate halide anion recognizing
molecules and proper hydrogen bond donor and acceptor stoi-

chiometries will bring forth new and interesting supramolecular
structures. 
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