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Table 4. Distances of atoms from mean planes (A)
(e.s.d.’s 0-0006—0-0011 A)

The planes are defined by the starred atoms.

Plane(1) CI  C2* C3* C4° C5* CI0 Cl6
0-455 —0-006 0-011 —0-011 0-006 —0-086 —0-110

Plane(2) C3  C10* CII* CI2* CI3* Ci4* CIs*
—0-034 —0-006 0.006 0  —0-006 0-007 —0-00!

Plane(3) C4  Cl6* CI7* CIg* CI9* C20* C21*

-0-036 0-003 —0-003 O 0-003 —0-003 0

Dihedral angles (°) between normals to planes (e.s.d.’s 0-5-0-7°)

Plane (1)/plane (2) 107-6
Plane (1)/plane (3) 1232
Plane (2)/plane (3) 66-6

consistent with that determined by electron diffraction
in cyclopentene [29-0 + 2.5°] (Davis & Muecke, 1970).

The dihedral angles between the normals to the
planes, listed in Table 4, show that both phenyl rings
are out of the plane of the C=C bond. Fig. 1 shows the
molecule and gives the atomic numbering scheme. Fig.
2 shows the molecular packing.

Acta Cryst. (1989). C45, 780-782
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Structure of 2-Imidazolidinone Hemihydrate

BY MOSHE KAPON AND GEORGE M. REISNER

Department of Chemistry, Technion—Israel Institute of Technology, Haifa 32000, Israel

(Received 14 July 1988; accepted 14 November 1988)

Abstract. C;HN,0.4H,0, M,=95-103, tetragonal,
P42,c (No. 114), a=9-686(3), ¢=10.034 (3)A,
V=941.4A% Z=8, D,=1-342 Mg m~?, A(Mo Ka)
=0-71069 A, 4=0-100 mm~!, F(000)=408, room tem-
perature, R =0-049, wR =0-053 for 419 observed
reflections [F, > 30(F,)]. The 2-imidazolidinone (ethyl-
eneurea) molecules are located on general positions
with the water molecules situated on twofold axes along
¢ at (0,3,z). The five-membered imidazolidine ring
assumes an envelope conformation. The structure is
characterized by extensive hydrogen bonding. Each
C3;HgN,O molecule is hydrogen bonded to two adjacent
molecules and this arrangement leads to the formation
of tetramers. Each water of crystallization is hydrogen
bonded to four ethyleneurea molecules each belonging
to a different tetramer.

Introduction. The crystal structures of several ethyl-
eneurea complexes with cadmium, mercury and copper
have been described (Brown, Pierce & Trefonas, 1972;
Majeste & Trefonas, 1972, 1974). A careful search of
the Cambridge Structural Database revealed that the

0108-2701/89/050780-03$03.00

structure of the uncomplexed ethyleneurea molecule
was not known. We now report the structure of
ethyleneurea hemihydrate.

Experimental. Crystals in the form of transparent
spheres, ~0-3 mm in diameter. Intensity data collected
on a Philips PW 1100 four-circle diffractometer,
graphite-monochromatized Mo Ka radiation, w/26
scan mode, scan speed 2°wmin~!, scan width 1-20°w,
5<20<50° 994  unique reflections (hO0-11,
k 0-11, /0-11) of which 424 with F, > 30(F,). Cell
parameters by least squares from 25 reflections with
5-8 <260 <25-3°. No significant intensity variation for
3 standards (002, 112, 040) measured every 2h.
Corrections for Lorentz and polarization applied.
Structure solved by SHELXS86 (Sheldrick, 1986) and
refinement performed using the SHELX77 system of
programs (Sheldrick, 1977). Full-matrix least squares,
87 parameters refined (scale factor, atomic coordi-
nates, anisotropic temperature factors for non-
hydrogen atoms and isotropic temperature factors for
hydrogens). Function minimized 2 w(|F,| — |F.I)

© 1989 International Union of Crystallography



MOSHE KAPON AND

Final R =0-049, wR =0-053, weighting scheme
a/lc*(F,)) + b(F,)?] with a = 1-8944 and b = 0-001496,
(4/06)max = 0-12 for non-H parameters, 0-26 for H.
Max. and min. height in final 4p map —0-35 and
+0-164 e A3,

Discussion. Final atomic coordinates are listed in Table
1.* Fig. 1 shows the atomic nomenclature and a
packing diagram is shown in Fig. 2. The ethyleneurea

* Anisotropic temperature factors for the non-hydrogen atoms,
details of the least-squares plane and a list of structure factors have
been deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 51615 (6 pp.). Copies may be
obtained through The Executive Secretary, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.

Table 1. Final atomic coordinates (x 10*° for the
non-hydrogen atoms and x 10° for the hydrogens)

Uy, values are (A? x 10%) for the non-hydrogen atoms, Ui, values
are (A2 x 102).
<

_1¥ * %
Ueq=142,:2,U;;ataf(a;.a).

X y r4 Ueq/Uiso
C(D 7999 (4) 828 (4) 1828 42(1)
C(2) 8443 (6) 1768 (5) 3844 (4) 59 (1)
C(3) 9537(5) 2249 (5) 2896 (5) 54 (1)
o(l) 7422 (3) 187 (4) 885 (3) 63 (1)
N(1) 7690 (4) 754 (4) 3081 (3) 54 (1)
N(2) 9046 (4) 1706 (5) 1646 (3) 61(1)
ow(l) 10000 5000 535 (4) 55(1)
H(21) 778 () 257 (6) 405 (7) 11(2)
H(22) 874 (6) 137 (6) 464 (5) 9(2)
H(31) 1037 (6) 181 (5) 312 (6) 8(2)
H(32) 957 (4) 332 (4) 293 (4) 6 (1)
HN(1) 693 (5) 40 (5) 330 (5) 5(2)
HN(2) 948 (4) 175 (5) 104 (5) 4(1)
HW(1) 1008 (6) 429 (6) 4(4) 8(2)

Fig. 1. Perspective view of the ethyleneurea molecule showing
atomic nomenclature and 50% probability ellipsoids (ORTEP;
Johnson, 1965).

Fig. 2. ORTEP (Johnson, 1965) stereodiagram of the crystal
structure. The thermal-motion ellipsoids represent 50% pro-
bability distributions. Numbering is shown for the 55601 unit, the
reference (55501) unit coordinates being those listed in Table 1.
The hydrogen bonds are shown by thin bonds.
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Table 2. Molecular geometry of 2-imidazolidinone

hemihydrate
(a) Bond lengths (A)
C(H)-0(1) 1-262 (4) C(2)-H(21) 1-03 (8)
C(1)—-N(1) 1-295 (4) C(2)—-H(22) 0-93 (5)
N(1)-C(2) 1-442 (5) C(3)-H(@31) 0-94 (6)
C(2)-C(3) 1-498 (7) C(3)-H(32) 1-04 (4)
C(3)-N(2) 1-441 (6) N(2)-HN(2) 0-74 (5)
C(1)—N(2) 1-336 (6) OW()-HW(1) 0-85(5)
N(1)—HN(1) 0-84 (5)
(b) Valence angles (°)
N(D)-C(1)-0(1) 126-8 (4) N(1)-C(2)-C(3) 103-4 (3)
N(2)-C(1)=0(1) 123.22) C(2)-CR3)-N(2) 101-9 (3)
N(1)—C(1)—-N(2) 110-1 (3) C(3)-N(2)-C(1) 111.4 (3)

C(1)=N(1)-C(2) 111.2 (4)

(c) Hydrogen bonding scheme. The target atoms are denoted by
ORTEP notation (Johnson, 1965), ie. the reference moiety
(coordinates listed in Table 1) is denoted 55501, translations along
the crystal axes being specified by addition or subtraction of
integers from the reference code. The sequence of symmetry
elements (denoted by suffixes 01, 02 erc.) is that of International
Tables for X-ray Crystallography (1952). Distances are in A and
angles in deg.

Donor Acceptor
atom (D) atom (4) D-H D---A H---A D---H---4
OW(1)—HW(1)---0O(1)(65504) 0-85(5) 2-750(4) 1-90(5) 171 (5)
N(1)—HN(1)---OW(1)(64505) 0-84 (5) 3-042 (4) 2-24(5) 158(5)
N(2)—HN(2)---O(1)(66503) 0-74 (5) 2-896 (5) 2-20(5) 156 (4)

molecules are located on general positions with the
waters of crystallization situated on twofold axes along
cat 0,1,z

The five-membered imidazolidine ring assumes an
envelope conformation. Atoms C(1), C(3), N(1) and
N(2) are in the same plane (max. deviation 0-01 A)
with C(2) situated 0-22 A from this plane. The O atom
deviates by only 0-04 A from this plane.*

The structure is characterized by extensive hydrogen
bonding (Table 2¢). Each ethyleneurea molecule is
hydrogen bonded to two adjacent molecules via the
carbonyl O and N(2) [O(1)---N(2)=2-896 (5) Al.
This arrangement leads to the formation of tetrameric
units of mutually hydrogen bonded ethyleneurea mole-
cules around the 4 axes. Adjacent tetramers, translated
along ¢, interact only by van der Waals contacts
between the methylene groups, but the tetramers
translated along a and b are linked via the water
molecules. Thus, each water molecule is involved in
four hydrogen bonds (two of which are independent) to
four ethyleneurea molecules of four different tetramers.
The coordination sphere around the water molecule is a
distorted tetrahedron with four independent angles of
117-6 (3), 119-9 (3), 88-6 (3) and 125-7 (3)°.

The geometry of the ethyleneurea molecule is given
in Table 2. The value of the carbonyl bond length
[1-262 (4) A] is close to that of 1-270 (7) A reported
for urea where the O atom is similarly involved in two
acceptor hydrogen bonds of 2.985(A) (Caron &
Donohue, 1969).

* See deposition footnote.
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The two C(carbonyl)-N bonds are significantly
different [1.295 (4) and 1-336 (6) A]. We ascribe this
to the different environments around the two N atoms.
Also, there is an asymmetric bend of the carbonyl O
towards one of the nitrogens resulting in an N—C(1)-O
angle of 126-8 (4)° for one side and 123-2 (2)° for the
other. A similar asymmetry has also been reported for
the pentakis(2-imidazolidinone)copper(Il) perchlorate
complex where the corresponding angles are 127-6 (6)
and 124:7(7)° (Majeste & Trefonas, 1974). The
remaining C—N distances [1:442 (5) and 1-441 (6) A]
and C—C distance [1-498 (7) A] are also similar to
those reported for the copper(ll) complex, where
average distances of 1-43 and 1.50 A, respectively,
were reported.

Acta Cryst. (1989). C45, 782-785
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Abstract. C,;H,,N,0, M, = 251-29, monoclinic, C2/c,
a=20-065 (3), b=5-291(1), c=24-816(5)A, p=
101-83 (1)°, V=2578-6(1-5)A%, Z=8, D,=
1.29 Mg m~3, A(CuKo)=1.5418 A, y=0-64 mm~',
F(000) = 1056, T=300K, final wR(F)=0-030 for
1247 observed reflections. The structure consists of an
intermediate form between an N-hydroxytriazole and a
triazole N-oxide. The molecules are connected into
chains via strong hydrogen bonds between pairs of
4-hydroxy O atoms and 2-nitrogens, respectively. The
chains thus formed run along [110] in z = 0 and along
[110]inz = 4.

Introduction. The title compound is obtained by the
reaction of hydrazides and hydroximates in methanol
(Bel Hadj Amor & Baccar, 1988). As illustrated
schematically in Fig. 1, a first reaction step leads to
N3-hydroxy-N'-acylamidrazones which can then react
to produce either an oxatriazine 4 or an N-hydroxy-
triazole B.

IR and 'H NMR spectra and elemental analyses
confirm the empirical formula of these heterocycles but
cannot distinguish between the two isomers 4 and B.
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Therefore an X-ray study was undertaken on one
compound obtained from this reaction.

N — OH 0
// n
R - ¢ +HN -NH-C - R
OEt
MeOH
- OH
N - oH :
R-C NH
NNH—NH— & - gt — r—c’ C—r
= Q /
A N— NH
BI
OH
1
N—DO N
Y
R—C\/ C—R R-—C\/ \//C—R'
NH=N7 NN—N
A B

Fig. 1. Mechanism of action of hydrazides on hydroximates.
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