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The crystal structure of the title compound, C10H10N2O2�H2O,

also known as l-5-benzylhydantoin monohydrate, is described

in terms of two-dimensional supramolecular arrays built up

from in®nite chains assembled via NÐH� � �O and OÐH� � �O
hydrogen bonds among the organic molecules and solvent

water molecules, with graph-set R3
3(10)C(5)C2

2(6). The

hydrogen-bond network is reinforced by stacking of the

layers through CÐH� � �� interactions.

Comment

Imidazolidine-2,4-dione, or hydantoin, is a ®ve-membered

heterocyclic ring containing a reactive cyclic urea nucleus. This

heterocycle represents a signi®cant molecular template in

combinatorial chemistry libraries (Boeijen et al., 1998; Park et

al., 2001), principally because of the four possible substitution

points. Solid-phase syntheses including hydantoin as a starting

building block have been reported recently (Ganesan, 2003;

VaÂzquez et al., 2004; Alsina et al., 2005). Hydantoin derivatives

have attracted much interest in drug innovation because of

their wide range of therapeutic properties (Mutschler &

Derendorf, 1995). In particular, the hydantoins substituted at

the 5-position have been found to be valuable precursors of a

great variety of heterocyclic systems that are associated with a

wide range of biological activities, including antiarrhythmic

(Knabe et al., 1997), anticonvulsant (Singh et al., 2005) and

antitumoral agents (Carmi et al., 2006). The best known

hydantoin is 5,5-diphenylhydantoin, or phenytoin, which has

been the most widely used anti-epileptic drug since the

experimental determination of its anticonvulsant properties

(Putnam & Merrit, 1937). In addition, they are known for their

uses as herbicides (Shiozaki, 2002) and fungicides (Marton et

al., 1993). On the other hand, the biocatalytic conversion of

5-subtituted hydantoins and the related N-carbamoyl

compounds to amino acids has recently received considerable

attention for their potential applications in the industrial

production of optically pure amino acids, through an

enantioselective enzymatic reaction (Wilms et al., 2001; Chen

et al., 2003; Burton & Dorrington, 2004).

Continuing our studies on N-carbamoyl amino acids and

hydantoin compounds (Seijas et al., 2006, 2007), in this work

we report the crystal structure of the title compound, (I), a

new 5-subtituted hydantoin derivative.

The asymmetric unit of (I) consists of one l-5-benzyl-

hydantoin molecule and a solvent water molecule. The dihe-

dral angle between the hydantoin and benzene rings is

55.6 (3)�. The organic molecule adopts a gauche conformation

(Fig. 1). The hydantoin ring is essentially planar, with

maximum deviations of 0.024 (4) AÊ for C4 and ÿ0.023 (4) AÊ

for C5. The N1ÐC2ÐO2 angle is greater than the N3ÐC2Ð

O2 angle (Table 1). This difference is also observed in the

hydantoin molecule (Yu et al., 2004) and 50 other hydantoin

derivatives reported in the Cambridge Structural Database

(Version 5.28; Allen, 2002) with both NH groups unsubstituted

and sp3-hybridization at C5.

The structure of (I) is built up from the self-assembly of the

hydantoin molecules with solvent water molecules via

hydrogen-bonding interactions. The water molecule is

involved as a donor and an acceptor of hydrogen bonds.

Molecules of (I) form four conventional hydrogen bonds. The

organic compounds
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Figure 1
A view of (I), showing the atomic numbering scheme. Displacement
ellipsoids are drawn at the 20% probability level and H atoms are shown
as spheres of arbitrary radii.



N3ÐH3� � �O1W(x + 1, y, z) and O1WÐH1W� � �O4(x ÿ 1,

y ÿ 1, z) interactions form in®nite chains, which run along the

b axis. These chains may be described in graph-set notation as

C2
2(6) (Bernstein et al., 1995) (Fig. 2). Adjacent chains are

linked laterally by O1WÐH2W� � �O2(x, y, z) and N1Ð

H1� � �O4(x ÿ 1, y ÿ 1, z) hydrogen bonds, forming in®nite

chains parallel to the a axis, with graph-set motifs C2
2(6) and

C(5), respectively (Fig. 2). Together, these hydrogen-bond

patterns produce a two-dimensional array parallel to the ab

plane with graph set R3
3(10) and the formation of a 15-atom

macrocycle (Fig. 2). This graph set is also observed in the

hydantoin compounds ROKSOZ (Gauthier et al. 1997) and

SINZEU (Galdecki & Karolak-Wojciechowska, 1986). Details

of the hydrogen-bonding geometry are given in Table 2.

Layers join pairwise by CÐH� � �� interactions (Fig. 3). The

C10ÐH10 group of the benzene ring is oriented towards the

face of the aromatic ring of a neighboring molecule [C10Ð

H10� � �Cg(ÿx + 1, y ÿ 1
2, ÿz + 1) = 3.13 (3) AÊ ; Cg is the

centroid of the C7±C12 ring]. This interaction generates a

herring-bone-like array in the bc plane (Fig. 3).

Experimental

l-Phenylalanine (500 mg, 3.0 mmol) was dissolved in water (20 ml)

and the solution was acidi®ed with concentrated HCl (37% v/v) to pH

5.5. KOCN (1458 mg, 18.0 mmol) was then added to this solution. The

mixture was warmed, with agitation, to 333 K over a period of 4 h.

The resulting solution was cooled at room temperature and acidi®ed

with concentrated HCl (37% v/v) to pH 1, at which point a white solid

precipitated. The solid was ®ltered off and washed with cool water

(m.p. 467±469 K). Crystals of (I) suitable for X-ray diffraction

analysis were obtained by slow evaporation of a 1:1 water±ethanol

solution.

Crystal data

C10H10N2O2�H2O
Mr = 208.22
Monoclinic, P21

a = 6.229 (2) AÊ

b = 6.244 (3) AÊ

c = 14.475 (3) AÊ

� = 99.05 (3)�

V = 556.0 (3) AÊ 3

Z = 2
Mo K� radiation
� = 0.09 mmÿ1

T = 293 (2) K
0.40 � 0.36 � 0.20 mm

Data collection

Rigaku AFC-7S diffractometer
1192 measured re¯ections
1088 independent re¯ections
976 re¯ections with I > 2�(I )

Rint = 0.006
3 standard re¯ections

every 150 re¯ections
intensity decay: none

Re®nement

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.141
S = 1.06
1088 re¯ections
138 parameters

1 restraint
H-atom parameters constrained
��max = 0.56 e AÊ ÿ3

��min = ÿ0.27 e AÊ ÿ3

organic compounds
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Figure 2
A partial packing view of (I). Hydrogen bonds are shown as dashed lines.
H atoms not involved in hydrogen bonding have been omitted for clarity.
[Symmetry codes: (i) x + 1, y, z; (ii) x ÿ 1, y, z; (iii) x ÿ 1, y ÿ 1, z.]

Figure 3
A packing view of (I) in the bc plane, showing the herring-bone-like
array. [Symmetry code: (v) ÿx + 1, y ÿ 1

2, ÿz + 1.]

Table 1
Selected geometric parameters (AÊ , �).

N1ÐC2 1.325 (5)
N1ÐC5 1.447 (5)
C2ÐO2 1.226 (5)
C2ÐN3 1.394 (4)

N3ÐC4 1.339 (5)
C4ÐO4 1.240 (4)
C4ÐC5 1.512 (5)

C2ÐN1ÐC5 112.6 (3)
O2ÐC2ÐN1 129.2 (3)
O2ÐC2ÐN3 123.3 (3)

O4ÐC4ÐN3 125.9 (3)
O4ÐC4ÐC5 126.6 (4)



All H atoms attached to C atoms were positioned geometrically

and assigned Uiso(H) values equal to 1.2Ueq(C). The H atoms of the

water molecule were located in the ®nal difference Fourier map and

the Uiso(H) values were set at 1.5Ueq(O). The absolute structure was

assigned from the known con®guration of l-phenylalanine.

Data collection: MSC/AFC Diffractometer Control Software

(Molecular Structure Corporation, 1993); cell re®nement: MSC/AFC

Diffractometer Control Software; data reduction: TEXSAN (Mol-

ecular Structure Corporation, 1995); program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

DIAMOND (Brandenburg, 2001); software used to prepare material

for publication: PLATON (Spek, 2003) and publCIF (Westrip, 2007).

This work was supported by CDCHT±ULA (grant Nos.

C-1415-06-08-C and C-1416-06-08-B) and FONACIT (grant

No. LAB-97000821).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SK3128). Services for accessing these data are
described at the back of the journal.
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Table 2
Hydrogen-bond geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N3ÐH3� � �O1Wi 0.86 1.90 2.750 (4) 169
O1WÐH2W� � �O2 0.87 1.85 2.712 (4) 175
N1ÐH1� � �O4ii 0.86 2.24 3.040 (4) 154
O1WÐH1W� � �O4iii 0.99 1.88 2.864 (5) 172
C5ÐH5� � �O2iv 0.98 2.44 3.336 (5) 152

Symmetry codes: (i) x� 1; y; z; (ii) xÿ 1; y; z; (iii) xÿ 1; yÿ 1; z; (iv) x; y� 1; z.


