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The structure of a new polymorph of the title compound,
Ci0H3CIN,O5S, known as the antidiabetic drug chlorprop-
amide, is monoclinic, in contrast with the two previously
described orthorhombic a- and S-forms. The molecules in the
y-polymorph are linked into bands by hydrogen bonds similar
to those in the a-polymorph. The conformation of the
molecules in the y-form is close to that in the S-polymorph.

Comment

The existence of several polymorphs of chlorpropamide (an
antidiabetic drug) has been reported (Simmons et al., 1973;
Burger, 1975; Al-Saieq & Riley, 1982; Ueda et al., 1984; De
Villiers & Wurster, 1999; Vemavarapu et al., 2002), but the
crystal structures of only two polymorphs have been reported
so far, namely the a-form (Koo et al.,, 1980) and the B-form
(Drebushchak et al., 2006). These two polymorphs differ in the
conformations and packing of the molecules in the crystal
structure. In the present communication, we report the
structure of the third polymorph, which we have termed the

y-polymorph, (I).
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The powder diffraction pattern calculated from the single-
crystal structural data of (I) using POWDERCELL (Version
2.4; Kraus & Nolze, 1999) has shown that this form may be
present as one of the phases in the mixture, corresponding to
the records 35-1969, 34-1879 and 34-1882 (not indexed) in the
Powder Diffraction File (PDF-2, set 50; ICDD, 2000).

The y-polymorph crystallized from a heptane-ethyl acetate
solution on slow cooling, growing concomitantly with the
a-form. The previously described S-polymorph (Drebushchak
et al., 2006) was also obtained from a heptane-ethyl acetate
solution, but under different crystallization conditions. In
general, our numerous crystallization experiments have shown
that various polymorphs can be obtained from solutions of
chlorpropamide in heptane—ethyl acetate mixtures depending
on the conditions.

The crystal structure of the y-polymorph is monoclinic
(space group P2, Z = 2), whereas the two other previously
described (- and B-) polymorphs are orthorhombic. The
y-form is noncentrosymmetric, as is the o-form (space group
P2,2,2,), whereas the B-form is centrosymmetric (space group
Pbcn).

The asymmetric unit of the y-polymorph contains one
chlorpropamide molecule (Fig. 1). The intramolecular bond
lengths and angles are in a good agreement with the statisti-
cally averaged values for organic crystal structures in general
[Cambridge Structural Database, Version 5.28 (Allen, 2002)
and Mogul, Version 1.1.1 (Bruno et al., 2004)]. The C=0 bond
in the y-polymorph is longer than that in the S-polymorph,
and this observation is also supported by the IR spectroscopic
data on the polymorphs of chlorpropamide (Drebushchak et
al., 2007). The torsion angles are summarized in Table 1.

The molecule of chlorpropamide is flexible, and all three
forms (o, B and y) can be classified as conformational poly-
morphs (Bernstein, 2002). In all three polymorphs, the atoms
of the central part of the molecule (N1, C7, O3, N2 and C8)
are practically in the same plane (Fig. 2), and atoms S1 and O1
are close to this plane (within 0.25 A). The conformation of
the molecule in the y-form resembles that in the -form: the
benzene ring and the alkyl ‘tail’ are on the same side of the N1/
C7/0O3/N2/C8 plane (Fig. 2b,c), whereas in the a-form they are
on opposite sides (Fig. 2a). At the same time, the orientation
of the benzene ring with respect to the urea group is similar in
the a- and y-forms, but it differs noticeably from that in the
B-form (Fig. 2). The angle between the plane of the benzene
ring and the N1/C7/O3/N2/C8 plane is 80° in the a-form (Koo
et al., 1980), 81.1 (2)° in the y-form (present study) and
89.7 (2)° in the B-form (Drebushchak et al., 2006).

Figure 1

The molecular structure of y-chlorpropamide, showing the atom-labelling
scheme. Displacement ellipsoids are drawn at the 30% probability level
and H atoms are shown as spheres of arbitrary radii.

Acta Cryst. (2007). C63, 0355—0357

DOI: 10.1107/5010827010701952X © 2007 International Union of Crystallography

0355



organic compounds

In all three polymorphs, intermolecular N—H- - -O hydro-
gen bonds link the molecules into infinite bands, which stretch
along the b axis (Fig. 3). The geometric parameters of the
hydrogen bonds in the y-form are summarized in Table 2. The
polymorphs differ in the orientations of the alkyl tails and the
benzene rings with respect to each other and to the plane of
the hydrogen-bonded bands. In the y-form, the benzene rings
in neighbouring molecules in a chain are on opposite sides of
this plane, so that a zigzag pattern is seen when the chain is
viewed along its axis (the b axis) or projected on to the (010)
plane (Fig. 4a). The same pattern is observed in the a-poly-
morph (Fig. 4b). In the B-polymorph, the benzene rings of all
the molecules in a band are on the same side of the plane of
the hydrogen-bonded ‘band core’, so that a ‘tweezers’ pattern
is seen along the b axis/projected on to the (010) plane
(Fig. 4c). The different packing of the molecules within a band
also manifests itself in the geometric parameters of the
intermolecular hydrogen bonds: they are similar in the «- and
y-forms, but differ noticeably in the B-form, in which one of
the N—H- - -O hydrogen bonds is shorter than in the «- and
y-forms, while the other two bifurcated hydrogen bonds are, in
contrast, much longer.

The calculated density of the y-form is larger than that of
the B-form but smaller than that of the o-polymorph. These
differences must be related to the different efficiency in the
packing of the alkyl tails, depending on the molecular
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Figure 2
Molecules of chlorpropamide viewed along the O3—C7 bond in (a) the
a-form, (b) the B-form and (c) the y-form.
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Figure 3
A fragment of the crystal structure of the y-polymorph of chlorprop-
amide, viewed along the a axis. Hydrogen bonds are shown as dashed
lines.

conformation and the mutual orientation of neighbouring
molecules.

The structure quality for all three structures («-, f- and
y-forms) is not the best, as seen by the consistently elevated
R factors. This can result from poor quality crystals grown
under non-equilibrium conditions. As all three polymorphs
give poor structures, and all three come out of the same
crystallization solvent, one might also suspect that the crystals
are not actually 100% pure single polymorphs, but may
contain some domains of the other polymorph(s). This
parallels the situation reported recently for aspirin (Bond et
al., 2007a,b), or postulated for the high-pressure polymorphs
of L-serine (Boldyreva et al., 2006), ¢-glycine (Goryainov et al.,
2006) or L-cysteine (Moggach et al., 2006). This hypothesis is
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Figure 4

Comparative views of the crystal packing of the three polymorphs of
chlorpropamide, showing (a) the y-polymorph viewed along the b axis,
(b) the a-polymorph viewed along the a axis, and (c) the B-polymorph
viewed along the b axis. Hydrogen bonds are shown as dashed lines.
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indirectly supported by the fact that the powder diffraction
patterns measured for several crystallites from the same
crystallization batch often indicated the presence of the
o-form as an admixture to the y-form of chlorpropamide.
Although there was no difficulty indexing the reflections or
initially determining the unit cell in collecting data for the -
and y-polymorphs, we cannot exclude the presence of the
domains of another form, as the data were collected with a
point detector only. Further experiments using a CCD or area
detector would be helpful.

Experimental

Chlorpropamide (280 mg; Sigma Chemical Co., batch No. 31H0722)
was dissolved in a boiling mixture of heptane (2 ml) and ethyl acetate
(3 ml). The hot solution was filtered on a glass filter. On slow cooling,
crystals suitable for X-ray crystallographic analysis were obtained. A
kinetic phase transition and melting was observed in the range 383—
403 K (Drebushchak et al., 2007).

Crystal data

CioH13CIN,058 V =649.0 (5) A3

M, = 276.74 zZ=2
Monoclinic, P2, Mo Ka radiation
a=6126(2) A =045 mm™*
b =8941 (6) A T=295(2)K

¢ =12.020 (4) A 042 x 0.15 x 0.04 mm

B = 99.68 (3)°
Data collection

Stoe Stadi-4 four-circle D094
diffractometer

Absorption correction: ¥ scan
(X-RED; Stoe & Cie, 1997)
Tnin = 0.833, Tpax = 0.978

3354 measured reflections

2961 independent reflections

1674 reflections with I > 20(I)

Rinc = 0.050

2 standard reflections
frequency: 240 min
intensity decay: 5.7%

Refinement

R[F? > 20(F%)] = 0.075
wR(F?) = 0.163
S=117

2961 reflections

157 parameters

1 restraint

H-atom parameters constrained

Apmax = 022 ¢ A3

Apmin = =028 ¢ A3

Absolute structure: Flack (1983),
with 1385 Friedel pairs

Flack parameter: 0.11 (16)

Table 1

Selected torsion angles (°).

02—81—C4—C3 150.4 (5) 02—S1—N1—C7 443 (5)
01—-S1-C4—-C3 182 (5) O1—-S1—N1-C7 174.2 (5)
N1—S1—C4—C3 —92.7 (5) C4—S1—N1—C7 —71.7 (5)
02—81—C4—C5 —30.1 (5) 03—C7—N2—C8 1.1(9)
01—-S1-C4—-C5 —162.3 (5) N1—-C7—N2—-C8 —179.7 (5)
N1—S1—C4—CS 86.8 (5) C9—C8—N2—C7 87.1 (7)
03—C7—N1-S1 —73(8) N2—C8—C9—C10 —177.8 (5)
N2—C7—N1-81 173.5 (4)

Table 2

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A DA D—H---A
N1—HIA.--03' 0.86 1.97 2796 (6) 161
N2—-H2A- - ~02f 0.86 2.26 2.948 (6) 136
N2—H2A..-03' 0.86 2.30 3.047 (6) 145

Symmetry code: (i) —x+ 1,y + %, —z+1.

All H atoms were positioned geometrically and refined using a
riding model, with C—H distances of 0.93 (aromatic), 0.96 (CH3) or
0.97 A (CH,) and N—H distances of 0.86 A, and with U(H) =
1.2U.q(CN), or 1.5U.q(methyl C).

Data collection: STADI4 (Stoe & Cie, 1997); cell refinement:
STADI4; data reduction: X-RED (Stoe & Cie, 1997); program(s)
used to solve structure: SHELXS97 (Sheldrick, 1997); program(s)
used to refine structure: SHELXL97 (Sheldrick, 1997); molecular
graphics: ORTEP-3 for Windows (Farrugia, 1997) and POWDER-
CELL (Kraus & Nolze, 1999); software used to prepare material for
publication: SHELXL97, X-RED, WinGX (Farrugia, 1999) and
pubICIF (Westrip, 2007).
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: LN3052). Services for accessing these data are
described at the back of the journal.
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