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Abstract Lansoprazole sulphide (2-[3-methyl-4-(2,2,2-

trifluoroethoxy)-2-pyridinyl]methylthio-1H-benzimidazole)

hydrate crystallizes in the triclinic space group P-1 with two

molecules in the asymmetric part of the unit cell. The

molecules are almost identical, the normal probability plots

show that the differences between them are of statistical

nature. The crystal structure is determined mainly by the

O–H���N and N–H���O hydrogen bonds; and both symmetry

independent molecules create the hydrogen-bonded struc-

tures on their own. The common motif is the C2
2(6) chain of

molecules along x (A) or y (B), but the interactions between

the chains are different: chains of molecules A are joined by

O–H���N(pyridine) hydrogen bonds while those of mole-

cules B– by relatively strong O–H���S hydrogen bonds.

Additionally, in both cases there are also C–H���S, C–H���p
and p–p interactions between the neighbouring molecules.

The different intermolecular interactions might be con-

nected with the observed disorder of water molecules in the

B-chains. At room temperature the s.o.f.’s of two alternative

positions refined at 0.760(17) and 0.240(17). The less-

occupied water molecule does not take part in the O–H���S
hydrogen bonding. When temperature decreases the

importance of this interaction grows, the occupancy of less

occupied position becomes smaller and finally, around

150 K the structure becomes fully ordered.

Keywords Lansoprazole �Multiple molecules � Disorder,

ordering � Crystal packing

Results and Discussion

Benzimidazole compounds, such as omeprazole and lansop-

razole, are gastric parietal cell proton pump inhibitors (PPIs),

which are widely used for the treatment of acid-related gastric

diseases due to their ability to inhibit acid secretion [1]. The

title compound (lansoprazole sulphide) is an intermediate for

the preparation of lansoprazole. In addition, lansoprazole and

its analogs have been reported to have an independent gas-

troprotective action and selective activity against helicobacter

pylori [2]. A comprehensive review on lansoprazole is pub-

lished [3]. The crystal structures of lansoprazole [4], lansop-

razole sulfide salt with chloranilic acid [5] and lansoprazole

sulfone [6] have been reported.

Room temperature structure of the title compound—2-

[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methylthio-

1H-benzimidazole hydrate (lansoprazole sulphide hydrate,

Scheme 1)—has been briefly reported recently [7]. Here,

we report the results of the structural studies in different

Room-temperature crystal structure of this compound has been

recently briefly reported: Ren G-B, Hong M-H, Zhong J-L,
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temperatures; these studies show the ordering of the dis-

ordered water molecule.

Molecular Structure

The perspective view of one of the symmetry-independent

molecules is shown in Fig. 1. Table 1 lists the relevant

geometrical parameters. The diffraction data were col-

lected at different temperatures (vide infra) but as the

geometry of the molecule does not change significantly, the

description—which will be given for 110 K data—is also

valid for other temperatures.

The asymmetric part of the unit cell contains two

symmetry-independent molecules of 1 and two water

molecules (i.e. Z0 = 2). The molecules are very similar; the

normal probability plots [8, 9] for geometrical parameters

show only statistical differences between them. The cor-

relation coefficients R2 between the set of experimental

differences and appropriate theoretical values for the nor-

mal distribution are around 0.97 for bond lengths and 0.98

for bond angles.

The molecules are approximately planar, the dihedral

angles between the planar benzimidazole ring system

(planar within 0.027(3) Å for molecule A and 0.010(3) Å

for B) and pyridine ring (maximum deviation of

0.009(2) Å for A and 0.007(2) Å for B) are as small as

1.14(10)� and 1.17(7)�. Also the central CSCC bridge is in

extended conformation (torsion angles 178.5(2)� and

-179.5(2)�). For the least-squares plane calculated for the

whole molecule without only fluorine and hydrogen atoms,

i.e., through 21 atoms, the maximum deviation is as small

as 0.063(3) Å for molecule A and slightly larger,

0.131(3) Å for B– in the latter case the terminal C20 atom

is out of much better plane of the rest of the molecule.

The bond lengths and angles are rather typical, with the

influence of substituents apparent in the intraannular angles

of pyridine ring.

Crystal Packing

The title compound, lansoprazole sulfide, crystallizes as a

hydrate, and the water molecule plays an important role in

determining the crystal structure. Interestingly, both sym-

metry independent molecules create the hydrogen-bonded

chains on their own, they make hydrogen-bonded chains of

molecules along x (molecules A) or along y (molecules B).

Hydrogen bond data for the 110 K structure are given in

Table 2.

It should be noted, however, that the hydrogen bonded

structures created by both symmetry independent mole-

cules are not exactly the same. The analysis might be

performed on the subsequent levels on complexity. As the

first level one can regard the creation of the chains of

alternating 1 and water molecules (Fig. 2a). This motif

involves two different hydrogen bonds: N–H���O(water)

and O(water)-H���N. Using the graph-set notation [10, 11]

Scheme 1 Lansoprazole sulphide hydrate (I)

Fig. 1 Anisotropic ellipsoid representation of the molecule A

together with atom labeling scheme [18]. The ellipsoids are drawn

at 50% probability level, hydrogen atoms are depicted as spheres with

arbitrary radii. Hydrogen bond is shown as a dashed line

Table 1 Selected geometrical parameters (Å, �) with s.u.’s in

parentheses

A B

N1–C2 1.356(4) 1.369(4)

N1–C9 1.384(4) 1.378(4)

N3–C2 1.323(4) 1.309(4)

N3–C4 1.393(4) 1.390(4)

C2–S10 1.754(3) 1.753(3)

S10–C11 1.814(3) 1.824(3)

C2–N1–C9 106.2(2) 106.4(3)

C2–N3–C4 103.9(2) 104.5(3)

C2–S10–C11 97.93(14) 97.69(14)

S10–C11–C12 108.8(2) 107.9(2)

C12–N13–C14 117.3(3) 117.9(3)

C16–O19–C20 116.2(2) 116.4(2)

C2–S10–C11–C12 178.5(2) -179.5(2)

C16–O19–C20–C21 -177.0(3) 170.8(3)

O19–C20–C21–F22 179.6(3) -177.4(3)

O19–C20–C21–F23 -60.0(3) -57.9(4)

O19–C20–C21–F24 61.1(3) 62.9(4)

Benzimidazole/pyridine 1.14(10) 1.17(7)

The data for the 110 K structure are presented
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this is a second-order chain, C2
2(6). And this motif is

common for both symmetry-independent molecules.

Next level of hydrogen-bonded structure is created by

the interactions between the chains, and here the situation

is different for both quasi-independent chains. First, it

should be noted that while the hydrogen bonds in the

chains are relatively strong and directional, the interactions

between chains are weaker. There is one strong hydrogen

bond donor left, namely the second hydrogen of the water

molecule. In the structure created by molecules A it defi-

nitely points towards the pyridine ring nitrogen (cf.

Table 2), and these hydrogen bonds together with the other

hydrogen bonds create the centrosymmetric dimers, with

the graph set R2
2(18)—cf. Fig. 2b.

For molecules B this O–H bond points towards sulphur

atom, and this O–H���S hydrogen bonds in combination

with the other N–H���O and O–H���N bonds create also the

centrosymmetric dimers but the graph sets which describe

the rings are R2
2(12)—Fig. 2c. The O–H���S hydrogen

bonds are quite rare, especially in such configuration. In the

Cambridge Structural Database [12] we found only 51

structures with similar bonds (CSD version 5.32 of Nov

2010, last update Aug 2011; search criteria: organic mol-

ecules, divalent sulfur in non-cyclic environment, H���O
distance shorter than the sum of van der Waals radii as

defined by the CCDC). In the shortest of this interaction,

observed in the structure of 4,40-sulfanediylbis(2-t-butyl-5-

methylphenol) [13], the H���S distance is 2.34 Å, and the

O���S 3.286 Å. The mean values of these parameters for all

51 examples are 2.75 and 3.44 Å, respectively. The inter-

action observed in 1 fits well within this population.

These different interactions might be connected with the

observed disorder of the water molecule from B-system;

one might speculate that O–H���S hydrogen bonds are

weaker and therefore allow for different orientation of the

water molecules, providing there is space enough. In fact,

the less-occupied water molecule does not take part in any

intermolecular interaction, the distance from potential

acceptors is too large (cf. Table 2). When temperature

falls, the importance of the O–H���S hydrogen bond grows

and the water molecules start to order.

Some secondary, but still directional and specific inter-

actions can be also identified within the dimers. In both

cases there are relatively short and directional C–H���S
interactions (cf. Table 3), also in both cases there is

Fig. 2 Subsequent levels of

hydrogen-bonded structure [19]

a the C2
2(6) chain of the

molecules (A); molecules B

make exactly the same motif,

b the O–H���N hydrogen bonds

connect the neighbouring chains

of molecules A, c the O–H���S
hydrogen bonds connect chains

of B-molecules

Table 2 Hydrogen bond data (Cg1 and Cg2 are the centroids of

benzoimidazole and phenyl planes, respectively)

D H A D–H H���A D���A D–H���A

110 K

N1A H1A O1Wi 0.88 1.89 2.733(3) 159

O1W H1W1 N13Aii 1.00 2.25 3.088(3) 140

O1W H1W2 N3A 1.01 1.80 2.783(3) 166

N1B H1B O2W 0.88 1.92 2.762(4) 160

O2W H2W1 S10Biii 0.86 2.74 3.554(2) 154

O2W H2W2 N3Biv 0.90 2.02 2.786(4) 143

C11A H11A S10Aii 0.99 2.87 3.702(3) 142

C11B H11B S10Bv 0.99 2.89 3.841(3) 161

C11A H11A Cg1Avi 0.99 2.82 3.778 164

C20A H20A Cg2Avi 0.99 2.63 3.472 143

Room temperature

N1A H1A O1Wi 0.86 1.95 2.775(3) 161

O1W H1W1 N13Aii 1.01 2.34 3.186(3) 141

O1W H1W2 N3A 1.02 1.80 2.795(3) 164

N1B H1B O2W 0.86 1.99 2.811(5) 159

1.99 2.809(14) 159

O2W H2W1 S10Biii 0.90 2.81 3.632(2) 153

0.90 4.550(10)

O2W H2W2 N3Biv 0.90 2.02 2.787(4) 142

0.90 2.01 2.819(10) 150

C11A H11A S10Aii 0.97 2.92 3.732(3) 142

C11B H11B S10Bv 0.97 2.93 3.854(3) 160

C11A H11A Cg2Avi 0.97 2.73 3.543 142

C20A H20A Cg1Avi 0.97 2.89 3.832 166

Symmetry codes: i 1 ? x, y, z; ii1 - x, 2 - y, -z; iii 2 - x, 1 - y,
1 - z; iv x, -1 ? y, z; v 2 - x, 2 - y, 2 - z; vi 1 - x, 1 - y, -z
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significant stacking between the planar p-electron systems.

For the molecules A the distance between the centroids of

benzoimidazole and phenyl systems is 3.783 Å, which

gives the distance between the planes of ca. 3.46 Å with

typical slip of 1.52 Å; in the case of B the distance between

the centroids is shorter – 3.606 Å, but the shift is relatively

small (0.58 Å) which results in larger interplanar separa-

tion of 3.560 Å. For molecules A there are also two

C–H���p contacts, which can be regarded as weak hydrogen

bonds. Interestingly, there are no such contacts for mole-

cules B.

Structure Change with Lowering Temperature

The unit cell parameters decrease rather uniformly with

temperature (cf. Fig. 3). That might suggest the equiva-

lence of different intermolecular interactions that change

similarly in all directions. In total, unit cell parameters

decrease by ca. 1% when comparing room temperature

with 110 K, and the unit cell volume by ca. 3%.

However it turned out that these simple changes are

accompanied by the interesting process of ordering of one

of the water molecules. The results of data collections in

Table 3 Crystal and experimental data

T(K) 295 250 200 150 110

Formula C16H14F3N3OS H2O

Formula weight 371.38

Crystal system Triclinic

Space group P–1

a(Å) 7.348(2) 7.328(1) 7.2860(1) 7.2664(10) 7.2661(5)

b(Å) 7.471(2) 7.451(1) 7.4400(1) 7.4216(13) 7.3949(7)

c(Å) 30.647(3) 30.568(3) 30.524(4) 30.451(4) 30.3786(14)

a(�) 88.27(2) 87.97(1) 87.770(1) 87.451(12) 87.528(6)

b(�) 87.79(2) 87.91(1) 88.090(1) 88.163(11) 88.308(5)

c(�) 89.15(2) 88.86(1) 89.050(1) 88.379(13) 88.398(7)

V(Å3) 1680.3(7) 1666.6(4) 1652.3(4) 1639.1(4) 1629.5(2)

Z 4

Dx(g cm-3) 1.468 1.480 1.493 1.505 1.514

F(000) 768

l(mm-1) 0.239 0.241 2.188 2.206 2.219

Radiation MoKa MoKa CuKa CuKa CuKa

k(Å) 0.71073 0.71073 1.54178 1.54178 1.54178

Diffractometer Xcalibur Eos Xcalibur Eos SuperNova SuperNova Xcalibur Ruby

Crystal size (mm) 0.4,0.4,0.1 0.5,0.4,0.16

H range (�) 2.9–28.2 2.0–26.6 2.9–75.9 2.9–75.8 4.37–74.24

hkl range -8 B h B 7 -9 B h B 9 -8 B h B 9 -8 B h B 8 -7 B h B 9

-9 B k B 9 -9 B k B 9 -9 B k B 5 -9 B k B 8 -8 B k B 9

-22 B l B 38 -36 B l B 37 -38 B l B 37 -37 B l B 37 -35 B l B 37

Reflections

Collected 9,714 2,3246 10,292 9,991 11,626

Unique (Rint) 6,699(0.025) 6,438(0.129) 6,491(0.032) 6,427(0.039) 6,397(0.033)

With I [ 2r(I) 3,351 2,150 5,436 5,539 5,911

# of parameters 463 457 454 454 453

Weighting scheme

A 0.03 0.001 0.068 0.0785 0.054

B 0 0 2.419 2.2283 4.7081

R(F) [I [ 2r(I)] 0.052 0.049 0.058 0.059 0.059

wR(F2) [I [ 2r(I)] 0.092 0.041 0.150 0.155 0.156

R(F) [all data] 0.110 0.195 0.067 0.068 0.063

wR(F2) [all data] 0.098 0.051 0.155 0.162 0.158

Goodness of fit 1.04 0.77 1.00 1.07 1.14

Max/min Dq (e Å-3) 0.24/-0.32 0.32/-0.22 0.49/-0.36 0.59/-0.39 0.63/-0.46
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the different modes of temperature change suggest that

these changes are fully reversible: this was checked by

collecting the data on crystal cooled down to 100 K and

then warmed back to room temperature.

At room temperature one (and only one of two symmetry-

independent) water molecule is disordered (Fig. 4a); the

ratio of the site occupancy factors were reported as 0.79:0.21

in [7], and we determined it as 0.760(17):0.240(17); these

values might be regarded as consistent taking into account

that they are dependent on the refinement details.

We have applied the following procedure for the

refinement at different temperatures: we have been using

the room-temperature structure as the starting model. For

the disordered fragment the s.o.f. (with constraint of adding

up to unity) and one common isotropic displacement

parameter were initially refined. Then the refined value of

s.o.f. was fixed and the individual isotropic and subse-

quently anisotropic displacement parameters were refined.

The anisotropic model was applied for the water molecule

with larger s.o.f. in every case, and for the other water

molecule only at the room temperature. For smaller occu-

pancies the isotropic model was deemed sufficient in all

other cases.

The results show the decrease of the occupancy of less-

occupied position when the temperature was lowering

(cf. Fig. 5), at 110 K the occupancy became 1 (Fig. 4b),

and the disorder vanished. It might be noted that the qua-

dratic fit shown in Fig. 5 is the approximate only and does

not suggest any particular mechanism of changes. Two

additional quick data collections at 100(1) and 90(1) K

confirmed the lack of disorder also at these temperatures.

The attempts of collecting the data at higher temperatures

were also performed but it turned out that the crystal started

to decompose just above the room temperature.

Conclusions

In the room temperature crystal structure of lansoprazole

sulfide one of the symmetry-independent water molecules

is disordered, although it is involved in important hydrogen

bond interactions. When temperature decreases the occu-

pancy of higher occupied position increases and the

structure is fully ordered at ca. 150 K. This different

behaviour of two symmetry-independent water molecules

might be related with the different intermolecular interac-

tions they are involved in: the ordered water molecule in

O–H���N while the disordered one in O–H���S.

Experimental

The title compound was prepared with the procedure

reported in the literature [14]. Crystals suitable for X-ray

diffraction were grown from slow evaporation of ethyl

acetate solution.

X-ray diffraction data were collected at various tem-

peratures in the range 110–300 K on three different agilent

diffractometers (cf. Table 1 for details). The temperature

was controlled by an Oxford Instruments Cryosystems

cooling device. The data were corrected for Lorentz-

polarization effects as well as for absorption [15]. Accurate

unit-cell parameters were determined by a least-squares fit

of reflections of highest intensity, chosen from the whole

experiment. The structures were solved with SIR92 [16]

Fig. 3 Relative changes of the unit cell parameters a, b and c, and of

the unit cell volume with the temperature

Fig. 4 The comparison of the molecules B a at room temperature with disordered water molecule, and b at 110 K without the disorder [18]
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and refined with the full-matrix least-squares procedure on

F2 by SHELXL97 [17]. Scattering factors incorporated in

SHELXL97 were used. The function Rw(jFoj2 - Fcj2)2

was minimized, with w-1 = [r2(Fo)2 ? A � P2 ? B � P],

where P = [Max (Fo
2, 0) ? 2Fc

2]/3. The final values of

A and B are listed in Table 1. All non-hydrogen atoms were

refined anisotropically, hydrogen atoms were placed in

calculated positions and were refined as ‘riding’ on their

parent atoms; the Uiso’s of hydrogen atoms were set as 1.2

(1.5 for methyl groups) times the Ueq value of the appro-

priate carrier atom. The details of the refinement procedure

related to the disordered water molecule will be described

in the ‘‘Discussion’’ section. Relevant crystal data are listed

in Table 1, together with refinement details.

Crystallographic data (excluding structure factors) for

the structural analysis has been deposited with the Cam-

bridge Crystallographic Data Centre, Nos. CCDC 820703

(110 K), 820704 (150 K), 820705 (200 K), 820706

(250 K) and 820707 (295 K). Copies of this information

may be obtained free of charge from: The Director, CCDC,

12 Union Road, Cambridge, CB2 1EZ, UK. Fax:

?44(1223)336-033, e-mail:deposit@ccdc.cam.ac.uk, or

www.ccdc.cam.ac.uk.
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