X-ray Structure Analysis Online 2009, VOL. 25
2009 © The Japan Society for Analytical Chemistry

93

X-ray Structure Analysis Online

A New Polymorph of 1-Acetyl-2-thiohydantoin
Kazutaka TANIGUCHI,* Hisako OKUMURA,* Mitsunori HONDA,* Mitsuhiro SUDA,* Shuhei FUJINAMI,*
Akio KUWAE,** Kazuhiko HANAI,** Shiro MAEDA,*** and Ko-Ki KUNIMOTO*†
*Division of Material Sciences, Graduate School of Natural Science and Technology,
Kanazawa University, Kakuma-machi, Kanazawa 920-1192, Japan
**Graduate School of Natural Sciences, Nagoya City University, Mizuho-ku, Nagoya 467-8501, Japan
***Department of Applied Chemistry and Biotechnology, Faculty of Engineering, University of Fukui,
Bunkyo, Fukui 910-8507, Japan

The crystal structure of a new polymorph of 1-acetyl-2-thiohydantoin has been determined by X-ray diffraction. The
crystal, C5H6N2O2S, belongs to space group P1 with cell dimensions of a = 4.9865(7)Å, b = 5.5716(7)Å, c = 12.544(2)Å,
a = 74.793(8)˚, b = 80.413(9)˚, g = 85.001(10)˚. The final R1 value is 0.036 for 1304 reflections (I > 2.0s(I)). In the new
polymorph, intermolecular hydrogen bonds are formed between the acetyl C=O and the amide N–H groups [N(1)·O(2)(i)
2.800(2)Å, N(1)–H·O(2)(i) 151.02˚, symmetry codes: (i) x+1, y–1, z] to form an infinite chain structure. On the other
hand, the hydrogen bonds in the known form are formed between the amide C=O and the amide N–H groups of the
thiohydantoin rings.
(Received June 4, 2009; Accepted July 27, 2009; Published on web September 10, 2009)

Polymorphism in crystal structures is a relatively common
phenomenon in pharmaceutical solids. Since polymorphic
crystals have different physicochemical properties such as
melting point or solubility, the changes in polymorphic forms
can influence the bioavailability and the chemical and physical
stability of the drug. Thus, it is very important to control the
crystal form of the pharmaceuticals.
2-Thiohydantoin
derivatives provide useful synthetic intermediates with a wide
range of applications such as therapeutics, fungicides and
herbicides.1,2 We have been studying the crystal structures and
conformations of 5-substituted-2-thiohydantoins and their
derivatives.3,4 In the course of the crystallization experiment, we
obtained a crystal modification of 1-acetyl-2-thiohydantoin
different from the previously reported form.5 This paper deals
with the crystal structure of the new polymorph of 1-acetyl-2thiohydantoin (I, see Figs. 1 and 2).
Compound I was prepared by reacting glycine with acetic
anhydride and ammonium thiocyanate.6 The crude product was
washed with cold water several times and purified by repeated
crystallization from methanol.
Single crystals of the new polymorph suitable for X-ray
diffraction were obtained by slow evaporation of the ethanol

Fig. 1
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solution. Table 1 gives the crystal and experimental data. All
non-hydrogen atoms were refined anisotropically by full-matrix
least-squares methods and all hydrogen atoms were not refined.
Selected bond distances, bond angles and torsion angles are
listed in Table 2.
The new polymorph is crystallized in the triclinic form with
two molecules in a unit cell. The thiohydantoin ring is

Table 1 Crystal and experimental data
Formula: C5H6N2O2S
Formula weight: 158.17
Crystal system: triclinic
a = 4.9865(7)Å
a = 74.793(8)˚
b = 5.5716(7)Å
b = 80.413(9)˚
c = 12.544(2)Å
g = 85.001(10)˚
V = 331.27(8)Å3
Space group: P1
Z=2
Dcalc = 1.586 g/cm3
F(0 0 0) = 164.00
m(Mo Ka) = 4.21 cm–1
T = 123 K
2qmax = 60.3˚ with Mo Ka (0.71070 Å)
No. observations = 1304 (I > 2.00s(I))
No. variables = 91
R1 = 0.036
Goodness-of-fit = 1.10
(D/s)max = 0.001
(Dr)max = 0.30 e/Å3
(Dr)min = –0.29 e/Å3
Diffractometer: Rigaku/MSC Mercury CCD
Program system: teXsan ver. 1.11
Structure determination: direct method (SIR92)
Refinement: full-matrix least-squares
CCDC 740350
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Fig. 2 Molecular structure of the title compound (I) with the
labeling atoms. Thermal ellipsoids of non-H atoms are drawn at the
50% probability level. H atoms are indicated by small circles.

Fig. 3 Perspective views of intermolecular hydrogen bonds in (a)
the new polymorph (b) the known form.

Table 2 Selected bond lengths (Å), bond angles (˚) and torsion
angles (˚)
Atom

Atom

Atom

Atom

the hydrogen bonds are formed between the acetyl C=O and the
amide NH groups [N(1)·O(2)(i) 2.800(2)Å, N(1)–H·O(2)(i)
151.02˚, symmetry codes: (i) x+1, y–1, z], whereas they are
formed between the amide C=O and the amide NH groups in the
known form. Due to the different hydrogen bond pattern, the
acetyl and the amide C=O bonds of the new polymorph are
longer and shorter, respectively, than those of the known form
[C(4)–O(2) and C(2)–O(1) are 1.223(2) and 1.206(2)Å for the
new polymorph, and 1.208(3) and 1.218(3)Å for the known
form]. In the IR spectra, the nC=O frequencies of the acetyl
group and the amide groups are observed at 1668 and 1763
cm–1, respectively, in the new polymorph, whereas the
corresponding bands are observed at higher and lower
frequencies (1704 and 1740 cm–1) in the known form. These
nC=O frequencies also reflect the difference in the hydrogen
bonding pattern. A separate experiment showed that the ground
sample of the new polymorph transformed into the known form
in a week. Thus the new polymorph is considered to be a meta
stable form.
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essentially planar. The S(1)–C(1)–N(2) angle [130.1(1)˚] is
greater than the S(1)–C(1)–N(1) angle [123.6(1)˚] due to the
bulky acetyl group. The acetyl group is almost coplanar with
the thiohydantoin ring [O(2)–C(4)–N(2)–C(1) 174.4(1)˚ and
O(2)–C(4)–N(2)–C(3) –6.8(2)˚]. Similar molecular geometries
are reported for the known polymorph.5
For the two
polymorphic forms, neighboring molecules are linked through
intermolecular hydrogen bonds to form an infinite chain
structure. However, the hydrogen bonding pattern is entirely
different between the forms. In crystals of the new polymorph,
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