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ABSTRACT: The crystal structure determination of mebendazole form A, an anthel-
mintic drug, was performed for the first time by applying the DASH software program
to synchrotron X-ray powder diffraction data, and supported by a satisfying
Rietveld fit. This polymorph of mebendazole crystallizes in a triclinic ðP1Þ space group,
with unit-cell parameters a¼ 5.5044(2) Å, b¼ 11.2872(2) Å, c¼ 12.5276(5) Å, a¼
66.694(2)8, b¼ 82.959(2)8, g¼ 78.443(2)8, V¼ 699.52(5) Å3, Z¼ 2, M¼ 295.293 g mol�1,
rcalc¼ 1.4021 g cm�3, and rmeas¼ 1.3935(66) g cm�3, which were obtained by means of
the unit-cell formula weight and a picnometric measurement, respectively. The good-
ness-of-fit and R-factors were, respectively: x2¼ 1.746, R2

F ¼ 1.69%, Rwp¼ 5.72%, and
Rp¼ 4.37%. A weak nonclassical hydrogen bond involving the atoms N(3)–H(23)� � �O(11)
may be responsible for the greater stability of the polymorphic form A of mebendazole
due to the strongest electronegativity of nitrogen. � 2009 Wiley-Liss, Inc. and the American

Pharmacists Association J Pharm Sci 99:1734–1744, 2010
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INTRODUCTION

Mebendazole (MBZ), IUPAC name (5-benzoyl-1H-
benzimidazole-2-yl)-carbamic acid methyl ester
(C16H13N3O3, M¼ 295.293 g mol�1, chemical struc-
ture shown in Fig. 1), is a benzimidazole drug
used in the treatment of infestations by worms
including pinworms, roundworms, tapeworms,
IL 2010



Figure 1. Chemical structure of mebendazole.
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hookworms, and whipworms.1 It causes slow
immobilization and death of the worms by
selectively and irreversibly blocking uptake of
glucose and other nutrients in susceptible adult
intestine where these helminthes reside.1 Also, it
disrupts cellular reproduction by affecting the
protein threads which connect the centromere
regions of chromosomes.1

MBZ presents three polymorphic forms (A, B,
and C) displaying significant different solubility
and therapeutic effects, all being practically
insoluble in water.2,3 Also, it is known that the
polymorphic form C is the most efficacious one4,5

in spite of the fact that the most soluble one, the
polymorph B, perhaps due to possible toxicity of
this form.6–8 Besides the fact the polymorphic
form A is the least soluble and the most stable one,
there are several recommendations that the
maximum amount of it should not be greater
than 30% in the formulation.4 Due to this
characteristic, it is important to identify and/or
quantify its presence in the tablets of mebenda-
zole. Also, owing to the difficulties in obtaining
single crystals, the complete crystal structure
data of pure MBZ polymorphs are hard to obtain.5

Mebendazole hydrobromide, which crystallizes in
a monoclinic space group (P21/c),9 mebendazole
hydrochloride, a new stable salt obtained from
recrystallization of forms A, B, and C of MBZ in
diverse solvents with the addition of hydrochloric
acid solution, which crystallizes in an orthorhom-
bic space group (Cmc21),5 and MBZ propionic acid,
a 1:1 molecular complex, that crystallizes in a
triclinic space group ðP1Þ,10 are some of the forms
of mebendazole described in the literature. Very
recently, the crystal structure of the polymorph C
of mebendazole was determined by single-crystal
X-ray diffraction studies.11

Several techniques have been used to identify
the polymorphic forms of mebendazole, infrared
spectroscopy being one of the most commonly
employed.6,12 The demonstration of differing
structures by means of single-crystal X-ray
DOI 10.1002/jps JO
diffraction is currently regarded as definitive
evidence of polymorphism. However, X-ray pow-
der diffraction can also be used to provide
unequivocal proof of polymorphism.13 Among
others, these are the prerequisite techniques for
the structural characterization of pharmaceutical
polymorphs.13

In this work, high-resolution synchrotron X-ray
powder diffraction data and a simulated anneal-
ing algorithm 14–16 were used to determine the
crystal structure of the polymorphic form A of
mebendazole which, as far as we are aware, has
never before been reported. The final refinement
of the structure was performed by the Rietveld
method,17 which was also used to perform a
quantitative phase analysis of a sample contain-
ing both the polymorphs A and C.
EXPERIMENTAL

High-resolution synchrotron X-ray powder dif-
fraction data were collected at the X-ray Powder
Diffraction (D10B – XPD) beamline18 of the
Brazilian Synchrotron Light Laboratory (LNLS,
Campinas, SP, Brazil) placed after a dipole
magnet source. X-rays of l¼ 1.24014 Å wave-
length were selected by a double-bounce Si(1 1 1)
monochromator with water cooling for the first
crystal, while the second one is bent for sagittal
focusing.19 The wavelength and the zero point
were determined from several reflections of the
SRM640c silicon standard. The beam was verti-
cally focused in the sample’s position by a bent Rh-
coated ultra-low-expansion glass mirror placed
before the monochromator, which also provides
filtering of high-energy photons (third- and
higher-order harmonics), with a resulting spot
size of �1 mm (vertical)��2 mm (horizontal) at
the sample position. The experiments were
performed in the vertical scattering plane, that
is, perpendicular to the linear polarization of the
incident photons. The diffracted beam was ana-
lyzed using a Ge(1 1 1) single crystal and detected
using an NaI(Tl) scintillation counter with a
pulse-height discriminator in the counting chain.
The incoming beam was also monitored by a
scintillation counter to normalize the decay of the
primary beam.

The powder sample, as acquired from Formil
Quı́mica Ltda. (Jandira, SP, Brazil, lot number
FMB.04.121140.27), was loaded into a 0.7-mm
diameter borosilicate glass capillary and data
were recorded at room temperature for �5 s at
URNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 4, APRIL 2010



Figure 2. X-ray powder diffractogram of mebenda-
zole form A, obtained with l¼ 1.37757 Å. No peaks of
polymorph C were observed, as shown in the inset,
where the most intense peak of polymorph C lies.
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each 2u in steps of 0.0088 from 5.58 to 32.0128. It
should be mentioned that prior the final measure-
ment, a rapid initial scan (not shown) was
performed starting at 48 (2u) in order to verify if
other reflections were present, fact that was not
observed. A measurement performed on the same
beamline using the aforementioned high-resolu-
tion setup, but with a l¼ 1.37757 Å wavelength,
was carried out on the sample of polymorph A of
mebendazole used for the crystal structure
determination, in order to highlight the absence
of polymorph C, as shown in Figure 2. Another
sample, containing both the polymorphs A and C,
in order to quantify their fractions, was also
measured.

A BOMEM MB-100 infrared spectrophotometer
was used to certify that the sample provided by
Formil Quı́mica Ltda. refers to the polymorph A of
mebendazole.20
RESULTS

The DASH software program14 was used for both
indexing, by using an internal version of the
DICVOL91 software program,21 and crystal
structure determination using synchrotron
X-ray powder diffraction data. The first 15
peaks were individually fit, yielding the following
values for a triclinic space group (P1 or P1):
F(15)¼ 264.8, M(15)¼ 102.0, a¼ 12.52629 Å, b¼
11.29012 Å, c¼ 5.50575 Å, a¼ 78.4308, b¼ 97.0708,
g¼ 113.3108, and V¼ 699.73 Å3.
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Alternatively, the peak profiles were manually
fit using the CMPR22 software program in order
to generate a list of peak positions and areas
(33 peaks were fit) to serve as an input file for the
Crysfire suite of auto-indexing programs.23,24

The highest figure-of-merit (M)25 was obtained
using the KOHL software program26 implemen-
ted into Crysfire and yielded the following values
for a triclinic space group (P1 or P1): I(20)¼ 20,
M(20)¼ 39.53, a¼ 11.2908 Å, b¼ 12.5240 Å, c¼
5.5076 Å, a¼ 97.0518, b¼ 101.5488, g¼ 66.6618,
and V¼ 699.791 Å3.

Although the unit-cell values obtained by the
two methods differ, they represent the same
solution and can be easily exchanged by a
transformation matrix.27 The transformation
matrix, from the solution obtained by the DASH
software to the Crysfire suite is:

T ¼
0 �1 0
1 0 0
0 0 �1

0
@

1
A

After the unit-cell parameters have been
roughly evaluated, a Pawley fit,28 implemented
into the DASH software program, was performed
on unit-cell parameters, zero point of the detector
and background terms, yielding the following
values: a¼ 12.5237 Å, b¼ 11.2854 Å, c¼ 5.5015 Å,
a¼ 78.4588, b¼ 97.0258, g¼ 113.2858, V¼
698.97 Å3, and Pawley x2¼ 6.35, under a triclinic
P1 space group. Those values were then used in
conjunction with the chemical structure available
in the DrugBank database,29 card number
DB00643, in the process of crystal structure
determination by means of a simulated annealing
algorithm.15,16 Estimating that the molecular
volume accommodates two molecules, fifteen runs
of the simulated annealing process were globally
optimized and the best result was then considered
in the final refinement of the structure. In the
process of crystal structure determination, the
molecular positions and orientations as well as
any flexible torsion angles that may be present,
also known as the degrees of freedom of the
system, were adjusted to the experimental data.
During the simulated annealing process, the full
range of possible values were allowed to vary.14

According to David et al.,14 the two most obvious
indicators of a successful structure solution are a
visual assessment of the goodness of fit between
the experimental and simulated powder pattern
and the ratio ‘‘profile x2/Pawley x2,’’ which should
DOI 10.1002/jps



Figure 3. Rietveld refinement of mebendazole form
A: measured pattern (circles), calculated pattern (solid
line), and difference profile (bottom solid line). Tick
marks (j) at the bottom of the pattern indicate peak
positions allowed by the unit-cell parameters and space
group. The inset presents a magnified region of the
diffractogram.
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generally be less than 5.14 In the present case, the
ratio was 10.39/6.35ffi 1.6.

In order to check the consistency of the obtained
results for space group choice, unit-cell para-
meters, bond distances, angles and torsions, the
PLATON software program was used.30 The
ADDSYM routine detected that there was a
(pseudo) center of symmetry, indicating that the
correct space group would be P1 instead of P1. As
in the triclinic space group the unit-cell axes
dimensions have to be presented with values
going from the lowest to the highest, the reduced
unit-cell parameters31 were converted as being:
a¼ 5.505 Å, b¼ 11.289 Å, c¼ 12.531 Å, a¼ 66.708,
b¼ 82.968, g¼ 78.448, and V¼ 699.9 Å3. In this
case, the transformation matrix to the new cell
and the origin shift to the centrosymmetric one
were, respectively:

T ¼
0 0 1
0 1 0
�1 0 0

0
@

1
A

and 0.4355, 0.0911, �0.0770.
It should be mentioned that the choice of P1 as a

starting space group, although having twice the
number of parameters being varied in order to find
the solution as well as being much more time
consuming it would be easily turn into P1 space
group, as it was the case. Otherwise, if we started
with P1, and the solution was found in P1, the
whole procedure should be repeated, demanding
much more time. It is important to mention that
the final solution was found in less than one
computing day.

The General Structure Analysis System
(GSAS)32 software program and its graphical user
interface, EXPGUI,33 were then used to perform a
Rietveld refinement.17 Prior to the final refine-
ment, a Le Bail fit34 with subsequent calculation
of the unit-cell parameters was performed. The
background was fit using a 10-term Chebyschev
polynomial. The peak profile was modeled by a
pseudo-Voigt profile function as parameterized by
Thompson et al.35 with low-angle asymmetry
corrections by Finger et al.36 and microstrain
anisotropic broadening terms by Stephens.37

Having obtained the unit-cell parameters as
well as the profile terms, which were not allowed
to vary during the initial Rietveld refinement
cycles, a script written by Wright,38 available at
the CCP14 website, was used to restrain both the
bond distances and angles in weights of 0.05 Å and
2.08, respectively, during the Rietveld refinement.
Also, soft planar group restraints were applied to
DOI 10.1002/jps JO
the phenyl and benzimidazole rings. The initial
overall bond, angle and planar group restraints
weights were fixed in 10,000, 1000, and 1000,
respectively, and were decreased until 1 during
the final refinement cycles. When the refinement
appeared to be stable, all parameters (scale factor,
background terms, unit cell, profile, structural,
and spherical harmonics, to account for possible
preferred orientation of the crystals) were refined,
converging to an excellent fit, which is shown in
Figure 3. Atomic dislocation parameters for
hydrogen atoms were kept as being twice of those
of C, N, and O, which were constrained to be equal.

The final refined values for the unit-cell
parameters after the Rietveld fit were: a¼
5.5044(2) Å, b¼ 11.2872(2) Å, c¼ 12.5276(5) Å,
a¼ 66.694(2)8, b¼ 82.959(2)8, g¼ 78.443(2)8,
V¼ 699.52(5) Å3, rcalc¼ 1.4021 g cm�3, and rmeas¼
1.3935(66) g cm�3, which were obtained by means
of the unit-cell formula weight and a picnometric
measurement, respectively, and Z¼ 2. The good-
ness-of-fit indicators and R-factors,39 R2

F, Rwp, and
Rp, were, respectively: x2¼ 1.746, R2

F ¼ 1.69%,
Rwp¼ 5.72%, and Rp¼ 4.37%. The Durbin–
Watson statistic,40 which is a test for auto-
correlation, and, in GSAS, indicates that no serial
correlation in fit at 90% confidence would occur for
1.979<DWd< 2.021, was DWd¼ 1.304. It indi-
cates that the standard uncertainties (s.u.)
obtained are underestimated. CCDC 736731
contains the supplementary crystallographic data
URNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 4, APRIL 2010



Table 1. Structural Atomic Parameters Obtained
after the Rietveld Refinement

Name x y z Uiso/Ue� 100

N(1) �0.8089(38) 0.0778(14) 0.0529(17) 1.66(34)
C(2) �0.9375(45) 0.1810(16)�0.0241(21) 1.66(34)
N(3) �0.8737(41) 0.2908(13)�0.0223(20) 1.66(34)
H(23) �0.963(15) 0.3818(25) �0.061(10) 3.3(7)
C(4) �0.5600(38) 0.3204(14) 0.0939(20) 1.66(34)
C(5) �0.3822(45) 0.2487(17) 0.1741(22) 1.66(34)
C(6) �0.3426(38) 0.1111(18) 0.2174(23) 1.66(34)
C(7) �0.4469(44) 0.0447(15) 0.1722(22) 1.66(34)
C(8) �0.6257(42) 0.1181(17) 0.0917(25) 1.66(34)
C(9) �0.6915(38) 0.2509(18) 0.0593(23) 1.66(34)
H(24) �0.641(11) 0.4126(37) 0.0851(71) 3.3(7)
H(25) �0.200(15) 0.0547(40) 0.2697(89) 3.3(7)
H(26) �0.426(15)�0.0545(21) 0.2107(96) 3.3(7)
C(10) �0.2316(44) 0.3159(17) 0.2168(14) 1.66(34)
O(11) �0.1859(26) 0.4231(12) 0.1468(11) 1.66(34)
C(12) �0.1360(39) 0.2646(22) 0.3371(13) 1.66(34)
C(13) 0.0362(42) 0.3182(20) 0.3693(17) 1.66(34)
C(14) 0.0799(32) 0.2863(22) 0.4857(21) 1.66(34)
C(15) �0.0453(43) 0.1939(23) 0.5705(13) 1.66(34)
C(16) �0.2248(44) 0.1472(24) 0.5382(18) 1.66(34)
C(17) �0.2637(38) 0.1741(26) 0.4250(20) 1.66(34)
H(27) 0.102(14) 0.3981(70) 0.3106(64) 3.3(7)
H(28) 0.235(15) 0.3082(90) 0.5068(56) 3.3(7)
H(29) 0.004(14) 0.155(12) 0.6552(22) 3.3(7)
H(30) �0.322(10) 0.0841(92) 0.6021(52) 3.3(7)
H(31) �0.409(18) 0.1397(92) 0.4090(57) 3.3(7)
N(18)�1.1119(31) 0.1792(14)�0.0914(18) 1.66(34)
H(32) �1.201(18) 0.105(11) �0.046(12) 3.3(7)
C(19) �1.2498(56) 0.2898(13)�0.1666(29) 1.66(34)
O(20) �1.2263(32) 0.4011(12)�0.1802(16) 1.66(34)
O(21) �1.3970(34) 0.2656(11)�0.2170(15) 1.66(34)
C(22) �1.5544(23) 0.3670(16)�0.2982(13) 1.66(34)
H(33) �1.615(24) 0.3228(56)�0.3507(85) 3.3(7)
H(34) �1.715(16) 0.4015(77)�0.2513(56) 3.3(7)
H(35) �1.449(8) 0.4432(43)�0.3533(93) 3.3(7)

Atoms labeling are indicated by ‘‘atom’’, fractional coordi-
nates (x, y, and z), and isotropic atomic displacement (Uiso/Ue)
parameters are also shown.
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for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_
request/cif.

Table 1 shows the structural atomic parameters
obtained after the Rietveld refinement. Bond
distances and bond angles are shown in Table 2.
Torsion angles are shown in Table 3. Intra- and
intermolecular hydrogen bonds are displayed in
Table 4. Least-squares planes calculation per-
formed by PLATON30 on a 5-membered ring
system, on two 6-membered ring systems and on a
9-membered ring system is presented in Table 5.
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 4, APRIL 2010
DISCUSSION

The crystal structure of MBZ form A is comprised
by one molecule in the asymmetric unit, shown in
Figure 4 as an ORTEP-3 drawing.41 Due to the
fact that all atoms lie in general positions, the
multiplicity of the P1 space group generates two
molecules per unit cell. Each of these molecules is
intermolecularly connected on opposite sides of
the same imidazole ring by hydrogen bonds,
displayed in Table 4, involving the atoms N(3)–
H(23)� � �O(11) and N(18)–H(32)� � �N(1). The latter
forms an infinite chain along the (110) plane, as
can be seen in Figure 5a. Figure 5b displays the
intra- and intermolecular H-bonds.

Also presented in Table 4, an intramolecular
hydrogen bond is observed between the atoms
N(3)–H(23)� � �O(20). This intramolecular bond
closes a chelating 6-membered ring system
composed by O(20)–C(19)–N(18)–C(2)–N(3)–
H(23) atoms. The highest deviation from the
least-squares plane passing through this ring is
0.13(8) Å for H(23) (root mean square error
(r.m.s.e.) of contributing atoms is 0.020 Å), indi-
cating an almost planar system. In comparison to
the recently published crystal structure of the
polymorph C of mebendazole,11 a very good
agreement can be seen.

According to the results presented in Table 5, all
rings are almost planar. The most deviating atom
of the 9-membered ring, the imine nitrogen (N(1))
of the benzimidazole group, is distorting the whole
ring due to its characteristic of acceptor atom on a
strong intermolecular hydrogen bond with the
nitrogen atom (N(18)) of the carbamate moiety.
Differently to what was recently reported for the
crystal structure of the polymorph C of mebenda-
zole,11 which shows a weak nonclassical hydrogen
bond involving the atoms C(6)–H(6)� � �O(2), a
weak hydrogen bond in the present case is
observed between the atoms N(3)–H(23)� � �O(11).
This bond may be responsible for the greater
stability of the polymorphic form A of mebenda-
zole due to the strongest electronegativity of
nitrogen. What is more, the torsion angle C(4)–
C(5)–C(10)–O(11)¼�33(3)8 is taking the carbonyl
group of the benzoyl moiety out of plane. A closer
inspection of the torsion angle O(11)–C(10)–
C(12)–C(13)¼�12(3)8 reveals that the carbonyl
group is noncoplanar with the phenyl ring. A
least-squares analysis of the deviation of O(11)
atom from the phenyl (0.75(2) Å) and benzimida-
zole (�0.63(1) Å) planes explains their nonplanar
character. The movement of the benzoyl part of
DOI 10.1002/jps



Table 2. Bond Lengths (Å) and Bond Angles (8) of
Mebendazole Form A

N(1)–C(2) 1.318(11)
N(1)–C(8) 1.392(11)
C(2)–N(3) 1.363(11)
C(2)–N(18) 1.361(12)
N(3)–H(23) 0.997(13)
N(3)–C(9) 1.400(11)
C(4)–C(5) 1.379(11)
C(4)–C(9) 1.378(11)
C(4)–H(24) 1.015(13)
C(5)–C(6) 1.407(11)
C(5)–C(10) 1.493(11)
C(6)–C(7) 1.341(11)
C(6)–H(25) 1.024(13)
C(7)–C(8) 1.388(11)
C(7)–H(26) 1.017(13)
C(8)–C(9) 1.371(11)
C(10)–O(11) 1.234(11)
C(10)–C(12) 1.505(10)
C(12)–C(13) 1.394(11)
C(12)–C(17) 1.399(11)
C(13)–C(14) 1.396(11)
C(13)–H(27) 1.014(13)
C(14)–C(15) 1.388(10)
C(14)–H(28) 1.023(13)
C(15)–C(16) 1.375(12)
C(15)–H(29) 1.023(13)
C(16)–C(17) 1.362(12)
C(16)–H(30) 1.014(13)
C(17)–H(31) 1.026(13)
N(18)–H(32) 0.99(15)
N(18)–C(19) 1.373(11)
C(19)–O(20) 1.232(11)
C(19)–O(21) 1.216(11)
O(21)–C(22) 1.412(10)
C(22)–H(33) 1.085(13)
C(22)–H(34) 1.094(12)
C(22)–H(35) 1.090(13)
H(33)–H(34) 1.776(12)
H(33)–H(35) 1.774(12)
H(34)–H(35) 1.83(5)
C(19)–O(21)–C(22) 122.7(1.7)
C(2)–N(1)–C(8) 110.9(1.5)
C(2)–N(3)–C(9) 109.2(1.3)
C(2)–N(18)–C(19) 121.9(1.9)
N(1)–C(2)–N(3) 107.3(1.3)
N(1)–C(2)–N(18) 126.3(1.7)
N(3)–C(2)–N(18) 126.4(1.5)
C(5)–C(4)–C(9) 116.9(1.3)
C(4)–C(5)–C(6) 120.6(1.4)
C(4)–C(5)–C(10) 120.9(1.4)
C(6)–C(5)–C(10) 118.4(1.3)
C(5)–C(6)–C(7) 122.1(1.2)
C(6)–C(7)–C(8) 117.2(1.5)
N(1)–C(8)–C(7) 132.6(1.7)
N(1)–C(8)–C(9) 106.1(1.1)

(Continued )

Table 2. (Continued )

C(7)–C(8)–C(9) 121.3(1.4)
N(3)–C(9)–C(4) 131.8(1.6)
N(3)–C(9)–C(8) 106.4(1.3)
C(4)–C(9)–C(8) 121.8(1.1)
O(11)–C(10)–C(5) 117.4(1.3)
O(11)–C(10)–C(12) 116.2(1.7)
C(5)–C(10)–C(12) 126.1(1.4)
C(10)–C(12)–C(13) 124.7(1.4)
C(10)–C(12)–C(17) 116.5(1.5)
C(13)–C(12)–C(17) 117.4(1.2)
C(12)–C(13)–C(14) 122.4(1.2)
C(13)–C(14)–C(15) 118.4(1.2)
C(14)–C(15)–C(16) 118.3(1.2)
C(15)–C(16)–C(17) 123.3(1.3)
C(12)–C(17)–C(16) 120.1(1.3)
O(20)–C(19)–O(21) 124.0(3.0)
O(20)–C(19)–N(18) 124.0(3.0)
O(21)–C(19)–N(18) 111.2(1.9)
C(2)–N(3)–H(23) 125.0(1.8)
C(9)–N(3)–H(23) 126.0(2.0)
C(2)–N(18)–H(32) 106.0(9.0)
C(19)–N(18)–H(32) 116.0(9.0)
C(5)–C(4)–H(24) 124.0(2.0)
C(9)–C(4)–H(24) 119.0(2.0)
C(5)–C(6)–H(25) 124.0(3.0)
C(7)–C(6)–H(25) 114.0(3.0)
C(6)–C(7)–H(26) 120.0(2.0)
C(8)–C(7)–H(26) 123.0(2.0)
C(12)–C(13)–H(27) 121.0(2.0)
C(14)–C(13)–H(27) 117.0(1.9)
C(13)–C(14)–H(28) 122.0(2.0)
C(15)–C(14)–H(28) 120.0(2.0)
C(14)–C(15)–H(29) 121.0(2.0)
C(16)–C(15)–H(29) 120.0(2.0)
C(15)–C(16)–H(30) 119.0(2.0)
C(17)–C(16)–H(30) 118.0(2.0)
C(12)–C(17)–H(31) 123.0(2.0)
C(16)–C(17)–H(31) 117.0(2.0)
O(21)–C(22)–H(33) 104.0(5.0)
O(21)–C(22)–H(34) 108.0(4.0)
O(21)–C(22)–H(35) 109.0(4.0)
H(33)–C(22)–H(34) 109.0(7.0)
H(33)–C(22)–H(35) 109.0(7.0)
H(34)–C(22)–H(35) 117.0(6.0)
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the molecule is consistent to what was previously
reported for mebendazole hydrobromide9 and
mebendazole form C,11 although it differs in
direction and absolute values.

In order to check if the geometry of the obtained
crystal structure was pertinent, a calculation of
intramolecular bond distances and angles using
MOGUL42 was performed (Fig. 6). Only two bond
distances were reported as ‘‘unusual’’: C(19)–
URNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 4, APRIL 2010



Table 3. Torsion Angles (8) of Mebendazole Form A

C(9)–N(3)–C(2)–N(18) 179(2)
C(19)–N(18)–C(2)–N(1) 177(3)
C(19)–N(18)–C(2)–N(3) 0(4)
C(2)–N(18)–C(19)–O(20) 3.0(4.0)
C(2)–N(18)–C(19)–O(21) �179(2)
C(9)–C(4)–C(5)–C(10) �180(2)
C(4)–C(5)–C(10)–O(11) �33(3)
C(4)–C(5)–C(10)–C(12) 147(2)
C(6)–C(5)–C(10)–O(11) 148(2)
C(6)–C(5)–C(10)–C(12) �32(3)
O(11)–C(10)–C(12)–C(13) �12(3)
O(11)–C(10)–C(12)–C(17) 156(2)
C(5)–C(10)–C(12)–C(13) 169(2)
C(5)–C(10)–C(12)–C(17) �23(3)
C(10)–C(12)–C(13)–C(14) 166(2)
C(10)–C(12)–C(17)–C(16) �165(2)
O(20)–C(19)–O(21)–C(22) 1(4)
N(18)–C(19)–O(21)–C(22) �180(2)
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O(21) and C(6)–C(7). The query values of the
aforementioned distances, also displayed in
Table 2, are 1.216(11) and 1.341(11) Å, respec-
tively. The mean values found in MOGUL were
1.340(15) (155 hits) and 1.383(21) (10,000 hits),
respectively. The value of the C(19)–O(21) bond is
typical of a C––O bond.43 The O(20), which is
connect by a double bond to the C(19) atom and
Table 4. Intra(
) and Intermolecular Hydrogen Bonds of M

D–H� � �A D–H (Å) H� �

N(3)–H(23)� � �O(20)
 1.00(7) 2.
N(3)–H(23)� � �O(11)a 1.00(7) 2.
N(18)–H(32)� � �N(1)b 0.99(13) 2.
C(13)–H(27)� � �O(20)a 1.01(8) 2.

‘‘D’’ and ‘‘A’’ are, respectively, hydrogen donor and acceptor.

Intramolecular H bond.
aSymmetry: �1� x, 1� y, �z.
bSymmetry: �2� x, �y, �z.

Table 5. 5-, 6-, and 9-Membered Rings Least-Squares Pla

N-Membered Rings Most Dev

N(1)–C(8)–C(9)–N(3)–C(2)
C(4)–C(5)–C(6)–C(7)–C(8)–C(9) C(6
C(12)–C(13)–C(14)–C(15)–C(16)–C(17)
N(1)–C(8)–C(7)–C(6)–C(5)–C(4)–C(9)–N(3)–C(2)

The most deviating atom of each ring with its subsequent highest d
the contributing atoms.
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also is intermolecularly connected by hydrogen
bonds to atoms C(13) and N(3) may be the
responsible for the abovementioned shorter bond,
due to its strong acceptor-atom characteristic. In
the case of C(6)–C(7) bond, the highest deviation
from the least-squares plane passing through this
6-membered ring is 0.06(2) Å exactly for C(6)
(r.m.s.e. of contributing atoms is 0.022 Å), thus
decreasing the bond length.

Prior to the crystal structure determination of
mebendazole form A presented herein, quantita-
tive phase analyses (QPA) containing such a
polymorph could not be carried out due to the lack
of knowledge of its structure. QPA of one sample
containing fractions of the polymorphs A and C11

of mebendazole was performed here for the first
time using X-ray powder diffraction, as far as we
are concerned, as shown in Figure 7. A Rietveld
refinement yielded the following goodness-of-
fit indicators and R-factors, R2

F, Rwp, and Rp,
respectively: x2¼ 6.615, R2

F ¼ 3.44%, Rwp¼ 7.45%,
and Rp¼ 5.67%. The structural parameters were
kept fixed. Only the phase factors and terms that
account for isotropic and anisotropic particle
sizes were allowed to vary. For the major
phase (form C), terms of anisotropic microstrain,
as described by Stephens,37 were also refined.
The results indicated that the amounts of poly-
morphs A and C were, respectively, 3.7 and
ebendazole Form A

�A (Å) D� � �A (Å) D–H� � �A (8)

13(10) 2.69(3) 114(6)
30(8) 3.05(2) 131(7)
09(14) 2.86(3) 133(11)
39(8) 3.40(3) 175(6)

nes Calculations for Mebendazole Form A

iating Atom(s) Highest Deviation (Å) r.m.s.e. (Å)

C(8) �0.08 0.022
) and C(9) 0.06 0.022
C(16) 0.03 0.023
N(1) 0.11 0.022

eviation is also shown. r.m.s.e. means root mean square error of

DOI 10.1002/jps



Figure 4. ORTEP-341 view of mebendazole form A showing the atoms labeling and
50% probability ellipsoids.

Figure 5. (a) Unit cell of mebendazole form A showing a section of an infinite chain
along the (1 1 0) plane. (b) Intra- and intermolecular H-bonds of mebendazole form A.
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Figure 6. Details of bond distances and angles identified as ‘‘unusual’’ in MOGUL.
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96.3 wt%. Although this small amount of form A
does not degrade the final pharmaceutical pro-
duct, correct evaluations of its presence can now
be carried out.

In comparison with data obtained by other
authors,2,5,6,10,44 it is clearly seen that the use of
high-resolution synchrotron X-ray powder diffrac-
tion data is of great importance in the process of
structure determination of mebendazole form A,
Figure 7. Rietveld plot of a sample containing
both the polymorphs A and C of mebendazole used
for quantitative phase analysis. Measured pattern
(circles), calculated pattern (solid line), and difference
profile (bottom solid line). Tick marks (j) at the bottom of
the pattern indicate peak positions allowed by the unit-
cell parameters and space groups of forms A and C. The
inset presents a magnified region of the diffractogram.
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as well as many other substances, due to the
minimization of peak superposition. What is
more, there are no doubts that this polymorphic
form of mebendazole was obtained as a single
phase based both on the X-ray diffractograms
depicted in Figures 3 and 7.
CONCLUSIONS

The use of high-resolution synchrotron X-ray
powder diffraction data, which minimized the
peak superposition of the X-ray pattern, was used
to determine the crystal structure of mebendazole
form A. This pharmaceutical crystallizes under
space group P1. Quantitative phase analysis could
be carried out for the first time by using the crystal
structures of forms A and C of mebendazole.
The phase fractions were 3.7 and 96.3 wt%,
respectively. Although this small fraction of
polymorph A does not degrade the final product,
its presence must be correctly identified and
quantified.
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