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The title compound, alternatively named N-[(4-methyl-2,5-di-

oxoimidazolidin-4-yl)(phenyl)methyl]acetamide, C13H15N3O3,

crystallizes in the centrosymmetric space group P21/c with one

molocule in the asymmetric unit. The imidazolidine-2,4-dione

system is essentially planar, as evidenced by NMR studies. The

dihedral angle between the planes of the imidazolidine and

phenyl rings is 23.3 (1)�, while the dihedral angle between the

acetamide side chain and the imidazolidine ring is 60.7 (1)�.
The molecular structure and packing is stabilized by CÐ

H� � �O and NÐH� � �O interactions. Intermolecular hydrogen

bonds form cyclic dimers, with graph-set descriptor R2
2(8), and

a chain of C(7).

Comment

1,3-Imidazolidine-2,4-dione, also known as hydantoin, is a

®ve-membered ring structure which has been implicated in

several biological activities. Allantoin is a natural hydantoin

found in the uric acid excretion pathway in humans

(Lehninger et al., 1993). Phenytoin, the most widely used

anticonvulsant drug (Woodbury, 1980; Tunnicliff, 1996; Mor-

kunas & Miller, 1997), has two phenyl rings at the 5-position of

the imidazolidine-2,4-dione system. Several 5,5-disubstituted

imidazolidinediones have been identi®ed as inhibitors (Kelly

et al., 1997) of metalloproteins and HIV protease (Comber et

al., 1992, 1997), and also act as sodium channel blockers

(Brown et al., 1997; Brouillette et al., 1994). The enzyme

inhibitory effect of imidazolidinedione has been correlated

with the spatial disposition of functional groups having

hydrogen-bonding ability. Hydantoins are also attractive

intermediates for the synthesis of �-amino acids (Knapp, 1979;

Musson et al., 1980).

Aminohydantoins have been found to display antimicrobial

activity (Malhotra et al., 1990). DMDM hydantoin (DMDM is

dimethyldimethylal) is a widely used antimicrobial agent and a

preservative in cosmetics. To understand the structure±activity

relationship involved in the antimicrobial activity of 5,5-di-

substituted imidazolidinediones, the solution and solid-state

structure of 5-[acetamido(phenyl)methyl]-5-methylimidazol-

idine-2,4-dione, (I), were examined. Against this background,

and in order to obtain detailed information about the mole-

cular conformations of 5,5-disubstituted imidazolidinediones

in the solid state, the X-ray structure determination of (I) was

carried out and the results are presented here.

Fig. 1 shows a ZORTEP plot (Zsolnai, 1997) of (I) with the

atom-numbering scheme. The imidazolidine-2,4-dione system

is planar. In a previous report (SethuSankar et al., 2001),

coupling between the two imino H atoms of the imidazol-

idinedione ring was attributed to a distorted rather than a

planar conformation. However, the 1H NMR spectrum of (I)

shows only two singlets (7.86 and 10.58 p.p.m.) and these

correspond to the amide and imino H atoms, respectively. This

clearly indicates a planar conformation for the imidazol-

idinedione ring. Additional support was obtained from the

three-dimensional structures of the ®ve lowest-energy

conformers, obtained using MM2 force-®eld calculations

(Allinger, 1977). The calculated lowest-energy conformers of

(I) all show a planar structure with respect to the imidazol-

idinedione ring. However, the orientation of the phenyl ring

and the acetamide group with respect to the hydantoin ring

could not be estabilished using NMR data. Spectroscopic data

obtained from IR, NMR and mass spectroscopic analysis

support the proposed structure.

In the imidazolidine ring, the N1ÐC5 and C4ÐC5 distances

and N1ÐC5ÐC4 angle are in good agreement with the

literature data (SethuSankar et al., 2001; Camerman &

Camerman, 1971; Florencio et al., 1978; Verdier et al., 1977,

1979; Fujiwara & Van Der Ween, 1979; Koch et al., 1975),

where the observed values are in the ranges 1.45±1.48 AÊ , 1.51±

1.55 AÊ and 99±101�, respectively. The angles C2ÐN3ÐC3 and

O3ÐC2ÐC1 are narrower than the reported values of

125.0 (1) and 122.4 (2)� for 5-(1-acetamido-3-methylbutyl)-5-

methylimidazolidine-2,4-dione monohydrate (SethuSankar et

al., 2001). The torsion angle C5ÐC3ÐN3ÐC2 describes the

conformation of the side chain as (ÿ)anticlinal about C3ÐN3.

The dihedral angle between the least-squares plane through

atoms C3, N3, C2, O3 and C1 and the imidazolidine ring is

60.7 (1)�, whereas the corresponding angle is only 4.59 (1)� in

our previous report (SethuSankar et al., 2001). The angle

between the planes of the imidazolidine and phenyl rings is

23.3 (1)�, while the dihedral angle between the group

containing the acetamide substituent and the phenyl ring is

55.9 (1)�. Atoms O2 and C3 deviate from the plane of the

imidazolidine ring by 0.034 (2) and 1.202 (2) AÊ on one side,
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while atoms C6 and O1 deviate by 1.334 (2) and 0.095 (2) AÊ on

the opposite side.

In addition to van der Waals interactions, the molecular

structure and crystal packing of (I) are stabilized by CÐH� � �O
and NÐH� � �O intermolecular hydrogen bonds. There are

three NÐH� � �O intermolecular interactions. Of these, the

N2ÐH2� � �O2 interaction participates in an eight-membered

cyclic dimer arrangement [N2ÐH2� � �O2iÐC4iÐN2iÐ

H2i� � �O2ÐC4; symmetry code: (i) 2 ÿ x, 1 ÿ y, 1 ÿ z], with

an R2
2(8) ring descriptor (Bernstein et al., 1995), while the

N1ÐH1� � �O3 hydrogen bond forms a C(7) chain, viz. H1Ð

N1ÐC5ÐC3ÐN3ÐC2ÐO3 (Fig. 2).

Experimental

A one-pot preparation of the title compound was achieved by

treating l-phenylglycine with a mixture of acetic anhydride and

pyridine, followed by a Bucherer±Bergs reaction of the acetamide

ketone derivative. l-Phenylglycine (3.2 g, 20 mmol) was dissolved in a

solution of acetic anhydride (15 ml) and pyridine (10 ml), and the

resulting solution heated over a water bath for 3 h. After removing

the solvent under reduced pressure, potassium cyanide (1.95 g,

30 mmol), commercial ammonium carbonate (4.78 g, 60 mmol) and

water (100 ml) were added. The reaction mixture was subjected to

ultrasonic irradiation at 318 K for 3 h and was then concentrated

under reduced pressure. The colorless solid obtained was crystallized

from a 3 N HCl±methanol (3:1) mixture to afford the title compound.

Spectroscopic data obtained from IR, NMR and mass spectroscopic

analysis support the proposed structure.

Crystal data

C13H15N3O3

Mr = 261.28
Monoclinic, P21/c
a = 12.9955 (9) AÊ

b = 7.7137 (5) AÊ

c = 13.4699 (11) AÊ

� = 107.860 (6)�

V = 1285.2 (2) AÊ 3

Z = 4

Dx = 1.350 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 1.6±25.0�

� = 0.10 mmÿ1

T = 293 (2) K
Prism, colorless
0.35 � 0.30 � 0.30 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

Non-pro®led w/2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.967, Tmax = 0.971

2358 measured re¯ections
2249 independent re¯ections
1644 re¯ections with I > 2�(I)

Rint = 0.016
�max = 25.0�

h = ÿ15! 14
k = 0! 9
l = 0! 16
3 standard re¯ections

every 100 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.042
wR(F 2) = 0.139
S = 0.97
2249 re¯ections
174 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.1P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.34 e AÊ ÿ3

��min = ÿ0.22 e AÊ ÿ3

Figure 1
The molecular structure of (I), showing 35% probability displacement
ellipsoids and the atom-numbering scheme. H atoms are shown as small
spheres of arbitrary radii.

Figure 2
The crystal structure of (I), with the NÐH� � �O hydrogen-bonding
scheme shown as dashed lines. Symmetry codes are as in Table 2.

Table 1
Selected geometric parameters (AÊ , �).

O1ÐC7 1.217 (2)
O2ÐC4 1.214 (2)
O3ÐC2 1.224 (2)
N1ÐC7 1.338 (3)
N1ÐC5 1.451 (2)

N2ÐC4 1.348 (2)
N2ÐC7 1.392 (3)
N3ÐC2 1.345 (2)
N3ÐC3 1.460 (2)
C4ÐC5 1.519 (3)

C7ÐN1ÐC5 112.7 (2)
C2ÐN3ÐC3 122.0 (2)
O3ÐC2ÐN3 122.4 (2)
O3ÐC2ÐC1 121.1 (2)
N3ÐC2ÐC1 116.5 (2)

O2ÐC4ÐN2 127.1 (2)
O2ÐC4ÐC5 125.8 (2)
N1ÐC5ÐC6 111.9 (2)
N1ÐC5ÐC4 100.9 (2)

C2ÐN3ÐC3ÐC5 ÿ113.1 (2)
C7ÐN1ÐC5ÐC3 122.2 (2)

N2ÐC4ÐC5ÐC6 114.8 (2)
N3ÐC3ÐC5ÐN1 ÿ60.8 (2)



All the H atoms were ®xed geometrically and allowed to ride on

their parent atoms, with CÐH distances in the range 0.86±0.96 AÊ , and

Uiso = 1.5eq(C) for methyl H atoms and 1.2Ueq(C) for the other H

atoms.

Data collection: CAD-4 EXPRESS (Enraf±Nonius, 1994); cell

re®nement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms &

Wocadlo, 1995); program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ZORTEP (Zsolnai, 1997) and

PLATON (Spek, 2000); software used to prepare material for

publication: SHELXL97 and PARST (Nardelli, 1995).
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Table 2
Hydrogen-bonding geometry (AÊ , �).

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

N1ÐH1� � �O3ii 0.86 2.13 2.839 (2) 140
N2ÐH2� � �O2i 0.86 2.00 2.844 (2) 167
N3ÐH3� � �O1iii 0.86 2.16 3.004 (2) 167
C1ÐH1A� � �O2iv 0.96 2.54 3.214 (4) 127
C1ÐH1B� � �O1iii 0.96 2.51 3.388 (4) 152

Symmetry codes: (i) 2ÿ x; 1ÿ y; 1ÿ z; (ii) x; 1
2ÿ y; 1

2� z; (iii) 2ÿ x; yÿ 1
2;

3
2ÿ z; (iv)

x; yÿ 1; z.


