
3-Phenyl-4H,6H-1,2,4-oxadiazol-
5-one

Christopher Glidewell,a* John N. Low,b Janet M. S.

Skakleb and James L. Wardellc

aSchool of Chemistry, University of St Andrews, St Andrews, Fife KY16 9ST,

Scotland, bDepartment of Chemistry, University of Aberdeen, Meston Walk, Old

Aberdeen AB24 3UE, Scotland, and cInstituto de QuõÂmica, Departamento de

QuõÂmica InorgaÃnica, Universidade Federal do Rio de Janeiro, 21945-970 Rio de

Janeiro, RJ, Brazil

Correspondence e-mail: cg@st-andrews.ac.uk

Received 16 September 2004

Accepted 20 September 2004

Online 22 October 2004

Molecules of the title compound, C9H8N2O2, are linked into

complex sheets by a combination of NÐH� � �O, CÐH� � �N
and CÐH� � �O hydrogen bonds.

Comment

The title compound, (I) (Fig. 1), is a lactam which was

obtained on the attempted recrystallization of H2N(Ph)C N-

OCH2COOH from hot water.

The bond distances within the heterocyclic ring of (I)

(Table 1) show very strong bond ®xation in the CÐN bonds.

Thus, N2ÐC3 is very much shorter than C3ÐN4, which is

rather long for its type (Allen et al., 1987). These values

effectively preclude any electron delocalization in the N2Ð

C3ÐN4 fragment. The ring puckering parameters (Cremer &

Pople, 1975) of � = 66.5 (2)� and ' = 335.9 (2)� for the atom

sequence O1ÐN2ÐC3ÐN4ÐC5ÐC6 indicate a screw-boat

conformation for the heterocyclic ring (Evans & Boeyens,

1989). The torsion angles within this ring (Table 1) indicate the

near-planarity of the O1ÐN2ÐC3ÐN4 fragment containing

the N2 C3 double bond, and of the cis-amidic fragment C3Ð

N4ÐC5ÐC6.

The molecules of (I) are linked into a sheet of some

complexity via a combination of NÐH� � �O, CÐH� � �O and

CÐH� � �N hydrogen bonds (Table 2). The formation of the

sheet can most readily be analysed and described in terms of

two one-dimensional substructures.

Atom N4 in the molecule at (x, y, z) acts as hydrogen-bond

donor to carbonyl atom O5 in the molecule at (1
2 ÿ x, ÿ 1

2 ÿ y,

1 ÿ z), so generating a centrosymmetric R2
2(8) (Bernstein et

al., 1995) dimer centred at (1
4, ÿ1

4,
1
2) (Fig. 2). The formation of

this dimer is reinforced by the CÐH� � �O hydrogen bond

which links the same two molecules in an R2
2(14) motif, in

which the R2
2(8) ring is embedded, so producing two additional

rings, of R1
2(7) type (Fig. 2).

These dimers are linked into [130] chains by one of the CÐ

H� � �N hydrogen bonds. Aryl atom C36 in the molecule at (x,

y, z) acts as donor to ring atom N2 in the molecule at (1 ÿ x,

1 ÿ y, 1 ÿ z), so generating a centrosymmetric R2
2(10) motif,
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Figure 2
A stereoview of part of the crystal structure of (I), showing the formation
of a [130] chain of edge-fused rings. For the sake of clarity, H atoms not
involved in the motifs shown have been omitted.

Figure 1
The molecule of (I), showing the atom-labelling scheme. Displacement
ellipsoids are drawn at the 30% probability level and H atoms are shown
as small spheres of arbitrary radii.



centred at (1
2,

1
2,

1
2), and linking pairs of the R2

2(8) dimers into a

chain of centrosymmetric rings running parallel to the [130]

direction (Fig. 2).

A second chain motif is generated by the combined action

of the two CÐH� � �N hydrogen bonds, which unexpectedly

have the same acceptor, viz. ring atom N2. Ring atom C6 in

the molecule at (x, y, z) acts as hydrogen-bond donor, via the

axial atom H6A, to atom N2 in the molecule at (1 ÿ x, ÿy,

1 ÿ z), so generating a centrosymmetric R2
2(8) ring centred at

(1
2, 0, 1

2). This motif, in combination with the R2
2(10) motif, also

generated by paired CÐH� � �N hydrogen bonds, produces a

chain of spiro-fused rings running parallel to the [010] direc-

tion (Fig. 3). The combination of the [130] and [010] chains

generates an (001) sheet, but there are no direction-speci®c

interactions between adjacent sheets.

Experimental

The title compound was obtained on the attempted recrystallization

of H2N(Ph)C NOCH2COOH (Forrester et al., 1979) from hot

water.

Crystal data

C9H8N2O2

Mr = 176.17
Monoclinic, C2=c
a = 18.9100 (10) AÊ

b = 5.1093 (2) AÊ

c = 17.0632 (9) AÊ

� = 90.885 (3)�

V = 1648.40 (14) AÊ 3

Z = 8

Dx = 1.420 Mg mÿ3

Mo K� radiation
Cell parameters from 1903

re¯ections
� = 3.2±27.6�

� = 0.10 mmÿ1

T = 120 (2) K
Lath, colourless
0.55 � 0.12 � 0.03 mm

Data collection

Nonius KappaCCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2003)
Tmin = 0.954, Tmax = 0.997

10 146 measured re¯ections
1903 independent re¯ections

1200 re¯ections with I > 2�(I)
Rint = 0.066
�max = 27.6�

h = ÿ24! 24
k = ÿ6! 6
l = ÿ20! 22

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.053
wR(F 2) = 0.136
S = 0.98
1903 re¯ections
118 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0779P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.23 e AÊ ÿ3

��min = ÿ0.27 e AÊ ÿ3

The systematic absences permitted Cc and C2/c as possible space

groups; C2/c was selected and con®rmed by the subsequent structure

analysis. All H atoms were located from difference maps and then

treated as riding, with CÐH distances of 0.95 (aromatic) or 0.99 AÊ

(CH2) and an NÐH distance of 0.85 AÊ , and with Uiso(H) =

1.2Ueq(C,N).

Data collection: COLLECT (Hooft, 1999); cell re®nement:

DENZO (Otwinowski & Minor, 1997) and COLLECT; data reduc-

tion: DENZO and COLLECT; program(s) used to solve structure:

OSCAIL (McArdle, 2003) and SHELXS97 (Sheldrick, 1997);

program(s) used to re®ne structure: OSCAIL and SHELXL97

(Sheldrick, 1997); molecular graphics: PLATON (Spek, 2003); soft-

ware used to prepare material for publication: SHELXL97 and

PRPKAPPA (Ferguson, 1999).

The X-ray data were collected at the EPSRC X-ray Crys-

tallographic Service, University of Southampton, England;

the authors thank the staff for all their help and advice.

JNL thanks NCR Self-Service, Dundee, for grants which

have provided computing facilities for this work. JLW

thanks CNPq and FAPERJ for ®nancial support.

organic compounds

Acta Cryst. (2004). C60, o818±o820 Christopher Glidewell et al. � C9H8N2O2 o819

Figure 3
Part of the crystal structure of (I), showing the formation of an [010] chain
of spiro-fused rings. For the sake of clarity, H atoms not involved in the
motifs shown have been omitted. Atoms marked with an asterisk (*),
hash (#), dollar sign ($) or ampersand (&) are at the symmetry positions
(1 ÿ x, 1 ÿ y, 1 ÿ z), (1 ÿ x, ÿy, 1 ÿ z) (x, 1 + y, z) and (x, y ÿ 1, z),
respectively.

Table 1
Selected geometric parameters (AÊ , �).

O1ÐN2 1.4320 (18)
N2ÐC3 1.287 (2)
C3ÐN4 1.396 (2)

N4ÐC5 1.361 (2)
C5ÐC6 1.493 (2)
C6ÐO1 1.426 (2)

O1ÐN2ÐC3ÐN4 3.4 (2)
N2ÐC3ÐN4ÐC5 21.4 (2)
C3ÐN4ÐC5ÐC6 ÿ4.0 (2)

N4ÐC5ÐC6ÐO1 ÿ33.9 (2)
C5ÐC6ÐO1ÐN2 58.6 (2)
C6ÐO1ÐN2ÐC3 ÿ43.56 (19)

Table 2
Hydrogen-bonding geometry (AÊ , �).

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

N4ÐH4� � �O5i 0.85 2.06 2.886 (2) 165
C32ÐH32� � �O5i 0.95 2.39 3.296 (2) 159
C6ÐH6A� � �N2ii 0.99 2.59 3.475 (2) 148
C36ÐH36� � �N2iii 0.95 2.56 3.476 (2) 161

Symmetry codes: (i) 1
2ÿ x;ÿ1

2ÿ y; 1ÿ z; (ii) 1ÿ x;ÿy; 1ÿ z; (iii) 1 ÿ x; 1ÿ y; 1ÿ z.



Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SK1774). Services for accessing these data are
described at the back of the journal.
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