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ABSTRACT: Mebendazole hydrochloride [(5-benzoyl-1H-benzimidazole-2-yl)-carbamic
acid methyl ester hydrochloride, MBZ�HCl], a new stable salt of mebendazole (MBZ), has
been synthesized and characterized. It can easily be obtained from recrystallization of
forms A, B, or C of MBZ in diverse solvents with the addition of hydrochloric acid
solution. Crystallographic data reveals that the particular conformation adopted by the
carbamic group contributes to the stability of the network. The crystal packing is
stabilized by the presence of three N–H. . .Cl intermolecular interactions that form
chains along the b axis. The XRD analyses of the three crystalline habits found in the
crystallization process (square-based pyramids, pseudohexagonal plates, and prismatic)
show equivalent diffraction patterns. The vibrational behavior is consistent with crystal
structure. The most important functional groups show shifts to lower or higher fre-
quencies in relation to the MBZ polymorphs. The thermal study on MBZ�HCl indicates
that the compound is stable up to 1608C approximately. Decomposition occurs in four
steps. In the first step the HCl group is eliminated, and after that the remaining MBZ
polymorph A decomposes in three steps, as happens with polymorphs B and C. � 2007

Wiley-Liss, Inc. and the American Pharmacists Association J Pharm Sci 97:542–552, 2008
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INTRODUCTION

Mebendazole [(5-benzoyl-1H-benzimidazole-2-yl)-
carbamic acid methyl ester, MBZ] is a potent,
orally active, broad-spectrum anthelmintic used
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in the treatment of ascariasis, uncinariasis,
oxyuriasis, and trichuriasis. MBZ acts by inhibi-
tion of glucose uptake in the parasite, resulting in
immobilization and death. This drug has been
investigated by several authors in relation to
polymorphism and physical stability of its solid
phases.1–3 Three polymorphic forms (A, B, and C)
displaying significantly different solubilities and
therapeutic effects have been identified and
characterized.4,5 Diverse techniques have been
applied to identify particular polymorphic
forms in samples, infrared spectroscopy being
the method of choice whereas X-ray powder
RY 2008



MEBENDAZOLE HYDROCHLORIDE 543
diffraction is preferred to quantify polymorphic
mixtures 3,6 and references therein].

Complete crystal structure data of MBZ poly-
morphs is not found in the literature because single
crystals seem to be hard to obtain. In spite of
this fact, crystal structures of some MBZ solvates
determined by single crystal X-ray diffraction
have been reported. Mebendazole hydrobromide
(MBZ�HBr) was found to crystallize in a monoclinic
space group (P21/c)7 whereas recrystallization of
MBZ in propionic acid (MBZ-propionic acid) yields a
1:1 molecular complex (triclinic, P1).8

MBZ belongs to class II of the biopharmaceutics
classification systems (BCS). Several authors
pointed out possible differences in the bioavail-
ability of the polymorphs of MBZ.9,10 Even though
some discrepancies are reported in the literature
about the relative solubility of forms B and C, all
the authors agree that form A is the least soluble
one.1,5,9,11 Thus, form C is pharmaceutically
preferred since its solubility is enough to ensure
optimal bioavailability without exhibiting the
toxicity associated to form B.5,9,11 Furthermore,
a therapeutic trial in 958 school-aged children in
Thailand using a placebo and the MBZ poly-
morphs A and C suggests that form A has similar
efficacy than the placebo in controlling hook-
worms and whipworms infections.9 Other authors
also reported on the polymorph dependence of the
anthelmintic efficacy of MBZ and found that at
least 30% of the form A in the formulation is
enough to suppress the desirable pharmacological
activity.10,12 Taking into account that the poly-
morph A is the most stable form and therefore
the most abundant one, a conversion route of A
towards a solid phase with greater solubility
needs to be found in order to gain a therapeutic
activity level similar to polymorph C.

In the present work we report the salt isolation
and characterization of mebendazole hydrochlor-
ide (MBZ�HCl), a new stable salt which can easily
be obtained from recrystallization of forms A, B, or
C in diverse anhydrous organic solvents with the
addition of hydrochloric acid solution. Prelimin-
ary determinations of powder dissolution in
physiological conditions showed the compound
to present a dissolution profile similar to that of
polymorph C with slightly higher solubility values
(to be published). We have focused our interest
mainly on the single crystal X-ray diffraction
structural analysis and physical characterization
by X-ray powder diffraction, Fourier Transform
infrared and Raman spectroscopies, and thermal
analysis.
DOI 10.1002/jps JOUR
EXPERIMENTAL

Materials

All chemicals used were of analytical grade. The
polymorphs A and C were provided by the
Laboratorio de Control de Calidad de Medica-
mentos (Universidad Nacional de San Luis, San
Luis, Argentina), whereas polymorph B was
obtained by recrystallization of polymorph C in
acetonitrile (Merck).
Salt Formation

A suspension containing 150 mg of polymorph A
(or 100 mg of polymorphs B or C) and 50 mL of
absolute ethanol was prepared at 258C under
stirring, then concentrated hydrochloric acid
solution (1.4 mL) was added until complete
dissolution of the solid. Colorless pseudohexago-
nal plates (from polymorphs A or B solutions),
colorless square-based pyramids or prismatic
crystals (from polymorph C solution) suitable
for single crystal X-ray analysis were obtained
after about 10 days. Colorless square-based
pyramids were also obtained by slow dissolution of
5 mg of polymorph A in 50 mL 1 M hydrochloric
acid aqueous solution under stirring at room tem-
perature. Crystallization occurs after 2.5 months.
The crystalline habits mentioned above were also
obtained by recrystallizing MBZ�HCl polycrystal-
line powder in different pure organic solvents
(methanol, acetonitrile, ethyl acetate, chloroform,
etc.) and their mixtures.

In addition, all polymorphs yielded polycrystal-
line MBZ�HCl by dissolution in diverse anhydrous
organic solvents such as acetonitrile, methanol
and chloroform with the addition of hydrochloric
acid solution. The obtained crystalline products
were filtered, washed with a hexane–ethanol
mixture (20:1) and dried under room conditions
for further characterization.
Methods

X-ray diffraction powder diagrams (XRPD) were
obtained with a Rigaku D-MAX-IIIC diffract-
ometer using Cu Ka radiation (Ni-filter) and NaCl
and quartz as external calibration standards.

Data collection (scans andv scans with k offsets)
was performed at 293(2) K (up to 558 in 2u with a
redundancy of 4) on an Enraf-Nonius Kappa-
CCD diffractometer (95 mm CCD camera on
NAL OF PHARMACEUTICAL SCIENCES, VOL. 97, NO. 1, JANUARY 2008
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k-goniostat) using graphite-monochromated
MoKa radiation (0.71073 Å). The program COL-
LECT13 was used for the collection of data and the
integration and scaling of the reflections, with the
HKL Denzo-Scalepack system.14

The structure was solved by direct methods
with SHELXS-97.15 The model was refined by full-
matrix least squares on F2 with SHELXL-97.15

Hydrogen atoms were found in the Fourier
difference map, except for ones belonging to the
benzene ring which were stereochemically posi-
tioned, and further treated with a riding model.15

The H atoms of the CH and CH2 groups were set
isotropic with a thermal parameter 20% greater
than the equivalent isotropic displacement para-
meter of the atom to which they were bonded;
while, for hydrogen of CH3 and OH groups, the
percentage was set to 50%. To prepare materials
for publication, SHELXL-97 and ORTEP-316

programs were used within WinGX.17

Fourier transformed infrared (FT-IR) spectra
were recorded on a Nicolet PROTÉGÉ 460
spectrometer provided with a CsI beamsplitter
in the 4000–250 cm�1 range with 32 scans and
spectral resolution of 4 cm�1, using the KBr pellet
technique.

FT-Raman spectra were recorded from the
original samples on a Bruker IFS55 FT-IR/FT-
Raman spectrometer equipped with a Nd:YAG
laser (1064 nm excitation line) and a liquid-
nitrogen cooled Ge detector. FT-Raman spectra
were acquired by accumulating 1024 scans at a
spectral resolution of 4 cm�1.

Thermogravimetric (TGA) and differential ther-
mal analysis (DTA) curves were obtained with a
Shimadzu TGA-51 Thermal Analyzer and DTA-50
Thermal Analyzer, using platinum pans, flowing
air at 50 mL min�1 and a heating rate of 108C
min�1 from room temperature to 10008C.
Figure 1. Crystalline habits of MBZ�HCl:
Prismatic form and (c) Pseudohexagonal habi

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 97, NO. 1, JANUARY 2008
RESULTS AND DISCUSSION

X-Ray Powder Diffraction and Crystalline Habits

As described in the previous section, three crys-
talline habits, pseudohexagonal plates, square-
based pyramids and prismatic crystals (see Fig. 1),
were systematically observed depending on
the crystallization medium. By comparing the
MBZ�HCl PXRD pattern with the ones of the
polymorphs of MBZ it was verified that this
compound crystallizes in a different structure
(Fig. 2). In addition, PXRD patterns and FT-IR
spectra of the crystalline habits confirmed that
different solvents render the same salt of MBZ.
Crystal Structure

The X-ray analysis revealed that, at the molecular
level, MBZ is intimately associated with the
hydrochloric acid by complementary hydrogen
bonding so that a 1:1 complex unit is formed. The
molecular structure and atomic labeling of this
unit are shown in Figure 3. Table 1 lists data
collection and refinement details. Bond lengths
and angles are shown in Table 2.

The comparison of the torsion angles in the
MBZ�HCl molecule with the corresponding data
for MBZ�HBr and MBZ-propionic acid complex7,8

shows significant differences in the orientations of
the substituents attached to C(2) and C(5) in the
unprotonated (MBZ-propionic acid) and in the
protonated forms (MBZ�HBr and MBZ�HCl). In all
of them, the carbamic group is coplanar with the
benzimidazole ring (within experimental error).
Nevertheless, different conformations of this
group are observed depending on the correspond-
ing compound. These differences in the carbamate
group conformations are characterized by rota-
(a) Pyramidal square planar habit, (b)
t.

DOI 10.1002/jps



Figure 2. Diffractograms of polymorphs A, B, and C of MBZ compared with MBZ�HCl.
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tions around C(2)–N(18) and N(18)–C(19) bonds,
as show the following torsion angles values: N(1)-
C(2)-N(18)–C(19) 0.000(2)8, �5(3)8 and 179.9(4)8
of MBZ�HCl, MBZ�HBr and MBZ-propionic acid,
respectively], C(2)–N(18)–C(19)–O(20) [180(1)8,
7(3)8 and �0.7(7)8 of MBZ�HCl, MBZ�HBr
and MBZ-propionic acid, respectively], and
Figure 3. ORTEP view of MBZ�HCl, showin
ability ellipsoids.

DOI 10.1002/jps JOUR
C(2)–N(18)–C(19)–O(21) [0.000(2)8, 178(2)8 and
178.8(3)8 of MBZ�HCl, MBZ�HBr and MBZ-pro-
pionic acid, respectively]. In this way, the
carbamic group of MBZ�HCl presents an intra-
molecular interaction, N(3)–H(3). . .O(21)carbamic

(H. . .O distance: 1.930(3) Å) which would explain
the stabilization gained by the cyclic conformation
g the atoms labeling and the 50% prob-

NAL OF PHARMACEUTICAL SCIENCES, VOL. 97, NO. 1, JANUARY 2008



Table 1. Crystal Data and Structure Refinement

Empirical formula C16H14ClN3O3

Formula weight 331.75
Temperature 293(2) K
Wavelength 0.71073 Å
Crystal system Orthorhombic
Space group Cmc21

Unit cell dimensions a¼ 6.5584(6) Å
b¼ 7.7934(5) Å
c¼ 30.458(2) Å

Volume 1556.8(2) Å3

Z 4
Density (calculated) 1.420 g/cm3

Absorption coefficient 0.264 mm�1

F(000) 692
Crystal size 0.30� 0.22� 0.20 mm3

Theta range for data collection 4.87–27.58
Index ranges �8�h� 8, �10� k� 9, �39� l� 39
Reflections collected 3869
Independent reflections 1836 [R(int)¼ 0.0604]
Completeness to theta¼ 27.58 98.1%
Absorption correction None
Refinement method Full-matrix least-squares on F2

Computinga COLLECT, HKL Denzo and Scalepack SHELXS-97,
SHELXL-97

Data/restraints/parameters 1836/1/154
Goodness-of-fit on F2 1.038
Final R indices [I> 2s(I)] R1¼ 0.0471, wR2¼ 0.1089
R indices (all data) R1¼ 0.0751, wR2¼ 0.1224
Absolute structure parameter 0.0(1)
Largest diff. peak and hole 0.156 and �0.238 e.Å�3

aData collection, data processing, structure solution and structure refinement respectively.
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of the carbamate group in MBZ�HCl. This
particular interaction is not present in the other
structures which in change show intramolecular
interactions involving the carbonyl oxygen atom
O(20). In the case of MBZ�HBr the interaction is
Nð1Þazolic � Hð1Þ � � �Oð20Þcarbonyl (H. . .O distance:
2.199 Å) and in the case of the MBZ-propionic acid
is Nð3Þimine � Hð3Þ � � �Oð20Þcarbonyl (H. . .O dis-
tance: 2.176 Å).7,8 These interactions generate a
linear structure of the carbamate group.

Concerning the C(5) substituent, it can be seen
that the plane containing the benzoyl group and
the plane that contains the benzimidazole ring
and carbamate group are not coplanar (Fig. 4). In
fact, almost all MBZ�HCl molecules are located on
a crystallographic mirror plane. Just the benzene
ring is out of this plane so that it presents a
positional disorder with equal occupation factor.
The dihedral angle between molecular mean
plane and the aromatic ring is 56.808. This
dihedral angle is 29.4(5)8 in MBZ-propionic acid
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 97, NO. 1, JANUARY 2008
and 63(2)8 in MBZ�HBr so that the benzoyl group
presents a similar spatial arrangement when
occurring in both salts. The same cetonic carbonyl
presents a larger rotation and so generates a more
perpendicular geometry between the planes. In
the case of the co-crystal MBZ-propionic acid,
there is a tendency towards a minor rotation of the
carbonyl [C(10)–O(11)] generating a more copla-
nar geometry.

Table 3 presents comparative crystallographic
data displaying selected H-bond interactions in
MBZ�HCl and MBZ�HBr. The analysis of this
table reveals that N(3) is the acceptor of the H
from the acid. This fact indicates in MBZ�HCl that
azolic-N atom of the benzimidazole is protonated,
which is in agreement with the lengthening of the
bond distance in N(3)azolic–C(2), 1.328(6) Å,
similar to N(1)imine–C(2), 1.337(5) Å. These values
are intermediate between double and single bonds
(Tab. 2).18 In MBZ�HBr, bond distances for
N(1)azolic–C(2) and N(3)imine–C(2) are 1.35(1) Å
DOI 10.1002/jps



Table 2. Selected Bond Lengths [Å] and Angles [8]
(with e.s.d.’s in Parenthesis) of MBZ�HCl

O(11)–C(10) 1.217 (5)
O(20)–C(19) 1.191 (6)
O(21)–C(19) 1.323 (5)
O(21)–C(22) 1.442 (6)
N(1)–C(2) 1.337 (5)
N(3)–C(9) 1.408 (5)
N(3)–C(2) 1.328 (6)
N(1)–C(8) 1.399 (6)
N(18)–C(2) 1.359 (6)
N(18)–C(19) 1.372 (5)
C(7)–C(8) 1.375 (6)
C(7)–C(6) 1.375 (6)
C(6)–C(5) 1.403 (6)
C(5)–C(4) 1.404 (6)
C(5)–C(10) 1.485 (6)
C(4)–C(9) 1.385 (6)
C(9)–C(8) 1.393 (6)
C(10)–C(12) 1.501 (7)
C(19)–O(21)–C(22) 115.8 (4)
C(2)–N(3)–C(9) 108.0 (4)
C(2)–N(1)–C(8) 109.0 (3)
C(2)–N(18)–C(19) 129.2 (4)
N(1)–C(2)–N(3) 110.2 (4)
N(1)–C(2)–N(18) 121.2 (4)
N(3)–C(2)–N(18) 128.6 (4)
C(8)–C(7)–C(6) 116.3 (4)
C(7)–C(6)–C(5) 122.9 (4)
C(9)–C(4)–C(5) 116.6 (4)
C(4)–C(9)–N(3) 131.6 (4)
C(8)–C(9)–N(3) 106.7 (4)
C(7)–C(8)–C(9) 122.4 (4)
C(7)–C(8)–N(1) 131.5 (4)
C(9)–C(8)–N(1) 106.1 (4)
O(11)–C(10)–C(12) 118.8 (4)
C(5)–C(10)–C(12) 119.8 (4)
O(20)–C(19)–O(21) 126.3 (4)
O(20)–C(19)–N(18) 122.2 (4)
O(21)–C(19)–N(18) 111.5 (3)
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and 1.33(1) Å, respectively,7 indicating that the
interactions present in MBZ�HCl are comparable
to those in MBZ�HBr. In the case of MBZ-
propionic acid the bond N(1)azolic–C(2), 1.314(4)
Å, shows a higher double bond character than
N(3)imine–C(2), 1.348(5) Å.8

Figure 4 also shows the intermolecular inter-
actions of MBZ�HCl that stabilize its crystal
packing forming chains along the b axis. As can
be seen from Table 3 both MBZ salts present
similar hydrogen bond pattern different form the
one in the MBZ-propionic acid which instead form
dimers. These interactions lay on the same plane
that contains two MBZ molecules (see Tab. 3).
Thus, the crystalline structure is stabilized by the
DOI 10.1002/jps JOUR
formation of planes that contain MBZ molecules
interacting with chloride anion in the same
direction. Furthermore, these planes are stabi-
lized one on top of the other through Van der
Waals interactions between the C(2) atoms and
the Cl� ion on top and below it along the a
crystallographic axis (C2. . .Cli¼ 3.325(5) Å; i: 1/
2þ x, y� 1/2, z and x� 1/2, y� 1.2, z).
Vibrational Spectra

The FT-IR and FT-Raman spectra of MBZ�HCl
are presented in Figure 5. Table 4 shows the
vibrational modes assignment. Spectra of
MBZ�HCl are very rich in bands, so their
interpretation is performed on the basis of the
most important functional groups present such as
carbonyl groups and NH groups in the carbamate
and in the benzimidazole ring. The substantial
differences between the spectra of MBZ poly-
morphs A, B, and C and MBZ�HCl rely on these
groups.
N–H Modes

In MBZ polymorphs C, A and B, the stretching
mode nN–H appears as a single band localized at
3410, 3370 and 3340 cm�1, respectively.1,11 By
comparing these spectra with the ones of benzi-
midazole19,20 and carbendazim21 it is possible to
associate these bands with the NH bond belonging
to the carbamate moiety, since no intense IR
bands of this character are observed in benzimi-
dazole but a similar band is present in carbenda-
zim. On the other hand, MBZ exhibits the broad
infrared band around 2900 cm�1 characteristic of
benzimidazole, whose origin was associated by
Klots et al.19 to tautomeric forms of this compound
having also contributions of Fermi resonates.

In the case of MBZ�HCl, no intense bands
associated to the nN–H carbamate mode are
identified in the IR spectrum around 3300 cm�1,
nevertheless the N–H stretching bands are
observed at lower frequencies. The first one occurs
at 3216 cm�1 and is assigned to the imine and
carbamate nN–H mode, as their bond distances
are equal. The second band appears at 3144 cm�1

and is assigned to N(3)–H(HCl) due to its larger N–
H bond distance (see Tab. 3). The lowering of the
stretching wavenumber associate to the NH bonds
is originated in the hydrogen bonds pattern
depicted in the previous section. Differently to
the polymorphs of MBZ, in the MBZ�HCl, the
NAL OF PHARMACEUTICAL SCIENCES, VOL. 97, NO. 1, JANUARY 2008



Figure 4. Unit cell of MBZ�HCl.
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number of tautomeric forms is reduced due to the
hydrogen of the HCl attached to the N(3).
However, this effect seems to be not completely
suppressed since the characteristic broad band
described by Klots et al.19 is still present.

The imine and carbamate N–H bending modes
occur at IR at 1655 and 1634 cm�1 while the
Raman bands occur at 1655, 1632, 1611, and
1600 cm�1. These modes appear at higher
frequencies because the hydrogen bonds in
the crystalline structure restrain them from
angular bending. Furthermore, the band
centered at 1655 cm�1 presents two components
associated to NH bending and C––Ocetonic stretch-
ing mode.
Table 3. Selected H-Bonds Data of MBZ�HCl and MBZ�H

D-H � � �A D–A (Å)

MBZ�HBr
Nð18Þ-Hð18Þ � � �Bra 3.279 (8)
Nð1Þ-Hð1Þ � � �Bra 3.321 (8)
Nð3Þ-Hð3Þ � � �Br 3.194 (9)

MBZ�HCl

Nð18Þ-Hð18Þ � � �Clb 3.163 (4)

Nð1Þ-Hð1Þ � � �Clb 3.044 (4)

Cð7Þ-Hð7Þ � � �Oð11Þb 3.383 (5)

Nð3Þ-Hð3Þ � � �Cl 3.118 (3)

ax, 1/2� y, 1/2þ z; bx, yþ1, z.

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 97, NO. 1, JANUARY 2008
CO Modes

Polymorphs A, B, and C present C––Ocarbonyl

stretching modes at 1730, 1720, and 1700 cm�1,
respectively.1,11 In MBZ�HCl the carbamate C––O
bond is reinforced since it is shifted to higher
frequencies (1767 cm�1 in IR and 1760 cm�1 in
Raman); as mentioned above, the cetonic carbonyl
absorption is assigned at 1655 cm�1.

The performed analysis suggests that in MBZ
the carbamic carbonyl group are involved in intra-
and/or intermolecular interactions, whereas in
MBZ�HCl this functional group does not present
these kind of interactions, as it was structurally
determined.
Br (with e.s.d.’s in Parenthesis)

D–H (Å) D–H–A []

1.063 144.6 (5)
1.063 141.5 (5)
1.072 144.3 (5)

0.860 151.3 (2)

0.860 146.1 (2)

0.930 173.3 (3)

1.051 131.4 (2)

DOI 10.1002/jps



Figure 5. Infrared and Raman (in arbitrary units) spectra of MBZ�HCl.
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Concerning the C–O–C mode in MBZ�HCl, one
IR band is observed at 1355 cm�1. This band is
shifted to lower frequencies than the reference
values22 due to the intramolecular interaction
between O(21) and H(1).
C–N Modes

A medium IR intensity band observed at
1567 cm�1, consistent with a low intensity band
at 1568 cm�1 in the Raman spectrum, is assigned
to the nC–N mode. These bands are shifted to
lower frequency values than the corresponding to
the C––N bond, which agrees with the structural
analysis that determines the enlargement of the
C–N bond in the benzimidazole ring and the loss of
double bond character due to protonation of the
azolic nitrogen N(3).

Other C–N stretching mode is overlapped with
N–H angular bending at 1634 and 1632 cm�1, in
the IR and Raman spectra, respectively. The
remaining vibrational modes are showed in
Table 4.
Thermal Studies

TGA-DTA curves for MBZ�HCl are shown in
Figure 6. Scheme 1 presents the proposed thermal
degradation of the compound. The examination of
DOI 10.1002/jps JOUR
the thermal curves indicates the compound is
stable up to ca. 1608C without phase transitions or
fusion processes. Decomposition proceeds via four
stages, the first one being associated to a DTA
endothermic signal at 2088C. The experimental
weight loss in the TG curve is 10.59% (theoretical,
10.99%) and results are consistent with hydrogen
chloride removal yielding polymorph A, the most
stable MBZ form, confirmed by IR spectroscopy.

The next mass decay of 13.34% (theoretical,
13.26%) along with the corresponding endother-
mic peak at 2408C, is related to carbon dioxide
elimination. The FT-IR spectrum suggests a type
2 compound (see Scheme 1) as second intermedi-
ate produced by an intramolecular rearrangement
with the concerted elimination of the gas; this
compound is almost identical to that determined
by Himmelreich et al.4 using mass spectrometry
when heating MBZ in air up to 2708C.

On further heating, the third mass loss of
12.02% (theoretical: 12.96%) at 3358C (DTA
endothermic signal) occurs. The intermediate at
this point remains stable up to 6518C, denoted by a
strong DTA exothermic signal, where the com-
pound undergoes the last decomposition step with
a weight loss of 63.7% (theoretical, 62.79%).

Thermal evolution of the compound resembles
to those of the three polymorphic forms of the
drug, except for the first stage of decomposition, as
is expected. The forms B and C convert to A
NAL OF PHARMACEUTICAL SCIENCES, VOL. 97, NO. 1, JANUARY 2008



Table 4. Selected Vibrational Modes of the Raman and FT-IR Spectra of MBZ�HCl

Mode Raman—Wavenumbers (cm�1) FTIR—Wavenumbers (cm�1)

Modes nNH
Imidazole 3216 (w)
Amide 3144 (sh)
H-bond
dNHþ nC––O (cetone) 1655 (s) 1655 (s)
dNHþ nC–N 1632 (s) 1634 (s)
dNH 1611 (m) 1610 (m)
dNH 1600 (m) 1600 (m)
nCN (benzimidazole) 1568 (w) 1567 (m)
nC––O (carbamate) 1760 (w) 1767 (s)
nC–O–C — 1355 (w)
nC–C 1297 (m) 1296 (s)

1259 (w) 1276 (m)
nCH 3063 (s) 3062 (m)

3022 (w)
2964 (m) 2960 (m)

2909 (sh)
2873 (w)

dCH 1463 (vw) 1455 (sh)
1431 (w) 1439 (m)
1218 (m) 1337 (w)

1142 (vw)
1105 (m) 1107 (m)
1076 (vw) 1076 (s)
1041–1029 (w,d) 1025 (w)
1000 (m)–979 (vw) 978 (w)

rCH 919 (m)–846 (vw), 791 (w),
764 (w), 727 (w), 709 (w)

917 (m), 901 (m),
891 (m) (t)–840 (m)–789 (w)–763 (m),
738 (sh), 728 (m), 697 (m)–646 (m)

Network modes 613 (w)–407 (w)–244
(w)–194 (w)–147 (s)–110, 98 (m,d)

615 (vw), 584 (vw)–482 (w)–440 (w)–408
(w)–365 (vw)–279 (m)–247 (m)–231 (w)

s, strong; m, media; w, weak; vw, very weak; sh, shoulder; n, stretching; d, deformation; r, rocking; wag., wagging; s, symmetric; as,
asymmetric.
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CONCLUSIONS

Obtainment, single crystal X-ray diffraction data,
spectroscopic and thermal behavior of MBZ�HCl
are reported here for the first time. The synthesis
of MBZ�HCl is simple and reproducible; the
compound can be obtained from any of the three
MBZ polymorphs and crystallizes in three differ-
ent crystalline habits according to the solvent
used. Crystallization in the studied solvents does
not generate any polymorphic changes in
MBZ�HCl. Different conformations of the carba-
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 97, NO. 1, JANUARY 2008
mic group are observed in the case of MBZ�HCl,
MBZ-propionic acid and MBZ�HBr.

The vibrational behavior of MBZ�HCl confirms
the different interactions determined by struc-
tural analysis which strongly affects the func-
tional groups mentioned above. Based on IR-
Raman spectroscopy, we have found experimental
evidence of different intra- and intermolecular
interactions that stabilize the crystalline struc-
ture. The observed shifts in the nNH, nCN, and
nC––O vibrational modes of MBZ�HCl, compared
to those in the three MBZ polymorphs, point out
the leading role of chloride ion in the three-
dimensional development of the solid. Thus, there
are several H-bond interactions between this ion
and the different N-H groups, diminishing the
DOI 10.1002/jps



Figure 6. Thermal diagrams of MBZ�HCl.
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participation of C––O groups in the H-bond
interaction.

MBZ�HCl is stable at temperatures lower than
1608C transforming into MBZ A above this
temperature. In the room temperature to decom-
Scheme 1. Proposed therma

DOI 10.1002/jps JOUR
position temperature range no solid-solid phase
transitions or fusion processes have been
observed. On increasing the temperature, the
resulting compound follows the well-known
decomposition/melting behavior of MBZ.
l degradation of MBZ�HCl.
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Argentina and CAPES and CNPq of Brazil for
financial support. A.P. Ayala acknowledges finan-
cial support from the Brazilian Agency CNPq
(PDE—Proc. 201246/2004-0) and UNESCO (IBSP
Proj. 3-Br-05). G. E. Narda is member of the
CONICET.

REFERENCES

1. Swanepoel E, Liebenberg W, de Villiers MM. 2003.
Quality evaluation of generic drugs by dissolution
test: Changing the USP dissolution medium to dis-
tinguish between active and non-active mebendazole
polymorphs. Eur J Pharm Biopharm 55:345–349.

2. Swanepoel E, Liebenberg W, Devarakonda B,
de Villiers MM. 2003. Developing a discriminating
dissolution test for three mebendazole polymorphs
based on solubility differences. Pharmazie 58:117–
121.

3. de Villiers MM, Terblanche RJ, Liebenberg W,
Swanepoel E, Dekker TG, Song M. 2005. Variable-
temperature X-ray powder diffraction analysis of
the crystal transformation of the pharmaceutically
preferred polymorph C of mebendazole. J Pharm
Biomed Anal 38:435–441.

4. Himmelreich M, Rawson BJ, Watson TR. 1977.
Polymorphic forms of mebendazole. Aust J Pharm
Sci 6:123–125.

5. Rodriguez-Caabeiro F, Criado-Fornelio A, Jime-
nez-Gonzalez A, Guzmán L, Igual A, Pérez A,
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