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Abstract. C,H¢N,O, orthorhombic, space group
P2,2,2,, a=8-4767 (6), b=69809 (5), c=69227 (6) A
at 20°C. D,=1204 g cm~3 [Corey & Wyckoff,
Z. Kristallogr. (1933), 85, 132-142], D.=1-2007 g
cm ™3 with Z=4; Mo Karadiation (1=0-7107 A); R, =
0-035.

Introduction. An early investigation of the crystal
structure of monomethylurea was carried out by
Corey & Wyckoff (1933). As was concluded by these
authors the structure they proposed might not be
correct. This conclusion has been confirmed by the
present work.

The crystal used was taken from commercially
available monomethylurea (Fluka A. G., Switzerland).
The linear dimensions of the crystal were about 0-4
mm. Data were collected at room temperature, 20°C,
with a computer-controlled single-crystal diffractom-
eter (Philips, PW 1100) using graphite-monochro-
mated Mo Ka radiation, A=0-7107 A. The built-in
program for the accurate determination of lattice
constants (Hornstra & Vossers, 1973) was used. Each
of the four sets of equivalent reflexions Akl hkl, hkl, hki
was recorded in the 6 range of 3 to 35° using the 6-26
scan mode, scan width 1-4°. Background counting
was done during one half of the total scanning time
at each side of the reflexion. In the refinement the
weighted mean, 7, of each set of four equivalent

reflexions was chosen for the intensity of the reflexion

hkl:
ihkl=( Z 11/0%)/( Z 1/0%) s

where the summations extend over the four equiv-
alent reflexions and o, are the individual errors due
to counting statistics. The standard deviation in l,,
g, was calculated from the expression

lo=(> 1/aD)'">.

The structure was solved with the program MULTAN
of Germain, Main & Woolfson (1971). The refinement
was carried out with the program ORFLS of Busing,
Martin & Levy (1962). First positional and aniso-
tropic thermal parameters of the non-hydrogen atoms
were refined. After the location of the hydrogen atoms
in a difference Fourier map a complete refinement
including atomic positions, anisotropic thermal par-
ameters of the heavy atoms, isotropic thermal par-
ameters of the hydrogen atoms, a scale factor and an
isotropic extinction factor (Larson, 1969) was carried
through. The function minimized was Sw(|F,| — k| F,))?,
where the summation extends over all reflexions having
an intensity larger than twice their standard deviation
due to counting statistics, £ is the scale factor, |F,)
and |F.| are the observed and calculated structure
factors, respectively. The weight, w, for each reflexion

Table 1. Atomic parameters for monomethylurea

The anisotropic temperature factor is of the form: exp [~ 2n*(h%a*?U,; + . ..2kka*b*U,,+ .. .)] and the isotropic temperature
factor: exp (— 872U sin? 6/A%). The positional parameters are x 10 (for the H atoms x 10%). The thermal parameters for non-

hydrogen atoms are given in 1073

2, the values of U are in A2 Standard deviations are shown in parentheses and refer to the

last digits.
X y z Uy Uz Us;s Uiz U Uss
C() 3305 (1) 8051 (2) 4727 (2) 37-8 (6) 39-7 (6) 43-6 (6) —-3:5(5) 47 (5) 47 (5)
o(l) 2000 (1) 8784 (1) 4337 (1) 400 (4) 564 (5) 54-4 (5) 524 —1-4 (4) 2:0 (4)
N(1) 3982 (2) 8296 (2) 6459 (2) 48-7 (7) 74 (1) 491 (7) 12-8 (7) —-3-5(6) —10-0 (7)
N(Q2) 4087 (2) 6964 (2) 3460 (2) 503 (7) 61:6 (7) 513 (7) 11-6 (7) —1-3 (6) —7-7 (6)
C(2) 3476 (3) 6535 (3) 1571 (3) 101 (2) 75 (1) 56 (1) 23 (1) 10 (1) -19(1)
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Table 1 (cont.)

X y z U
H(1) 353 (2) 914 (3) 727 (2) 0-066 (5)
H(2) 489 (2) 782 (3) 666 (2) 0-067 (5)
H(3) 419 (3) 592 (4) 79 (4) 0-107 (8)
H(4) 269 (5) 547 (7) 170 (6) 0-21 (2)
H(5) 298 (3) 753 (4) 92 (3) 0-10 (1)
H(6) 494 (2) 656 (3) 384 (3) 0-064 (5)

was w=o¢"2, where ¢ is the estimated standard devia-
tion of the structure factor. ¢ was estimated as o=
2s+0-01|F,|, where s denotes the standard deviation
in |F,| due to counting statistics. Atomic scattering
factors for C, O and N as calculated (Harkema, 1971)
from accurate atomic wave functions (Clementi,1965)
were used. The scattering factor for H was taken from
Stewart, Davidson & Simpson (1965). The R index
obtained was 0-038 (weighted R: 0-035). The number of
significant reflexions used for the refinement was 692.*

Discussion. Atomic positions and thermal parameters
are given in Table 1. The numbering of the atoms is
shown in Fig. 1, which has been drawn with the aid
of the program ORTEP (Johnson, 1965). Bond lengths
and bond angles have been collected in Table 2. The

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 31651 (2 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallog-
raphy, 13 White Friars, Chester CH1 1NZ, England.

Fig. 1. Stereoscopic pair showing the monomethylurea mol-
ecule. Ellipsoids of the non-hydrogen atoms are at the 40 %
probability level.
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molecule, without allowance for the hydrogen atoms
of the methyl group, is planar. The equation of the
best plane through the heavy atoms and the atomic
deviations from this plane are listed in Table 3. It
is noted that the present molecular structure differs
considerably from the structure which can be calcu-
lated from the atomic coordinates given by Corey &
Wyckoff (1933).

Table 2. Bond distances and angles
Standard deviations in the last digits are shown in parentheses.

C(1)-0(1) 1248 (1) A N(1)-H(2) 085(2) A
C(D-N(1) 1-340 (2) N(2)-H(6) 0-82 (2)
C(H-N(2) 1-336 (2) C(2)-H3) 092 (3)
C(2)-N(2) 1439 (2) CQ)-H(@#) 1-00 (5)
N()-H(I) 0-90 (2) CQ)-H(5) 093 (2)
N()-C(1)-0(1)  121-4 (2)° N(Q2)-C(2)-H(3) 113 (2)°
N(2)-C(1)-0(1)  122:0 (1) N(2)-C(2)-H(4) 108 (3)
N()-C()-N(2) 1166 (2) N(2)-C(2)-H(5) 116 (2)
C(H)-N@2)-CQ2) 1225 (2) H(3)-C(2)-H(4) 98 (3)
H)-N(1)-H(1) 123 (3) H(3)-C(2)-H(5) 111 (3)
H(2)-N(1)-C(1) 119 (2) H(4)-C(2)-H(5) 107 (3)
C()-N(2)-H(6) 115 (2) H(1)-N(1)-C(1) 117 (2)
H(6)-N(2)-C(2) 122 (2)

Table 3. Atomic deviations from the best plane
through the non-hydrogen atoms
Equation of plane: 0-4672x +0-8104y —0-35342=4-6999 A.

Atom Deviation Atom Deviation
C(1) 0-007 (1) A H(1) 0-09 2) A
o(1) 0-001 (1) H(2) 0-03 (2)
N(1) —0-010 (1) H(6) 0-03 (2)
N(2) 0-012 (1)

C(2) —-0-010(2)

Table 4. Hydrogen-bond parameters
Standard deviations in the last digits are shown in parentheses.

Bond* N-H N-H---O H---O /N-H---0
1 0852 A 299312 A 2222 A 151 (1)°
2 0-82 (2) 2:949 (2)  2:17(2) 159 (2)
3 0-90 (2) 2:970 (2) 208 (2) 167 (2)

* Bonds 1 and 2 are between the oxygen atom, O(1), of the
molecule at x,y,z and the atoms N(1), H(2) and N(2), H(6)
of the molecule at —4+x,3—y,1—z. Bond 3 is the bond be-
tween the oxygen atom, O(1), of the molecule at x,y,z and the
atoms N(1) and H(1) of the molecule at ¥ —x,2—yp, —{+z.

Fig. 2. Stereoscopic pair showing the molecular packing of monomethylurea. The thin lines indicate the hydrogen bonds. The
a axis points to the right, the b axis away from the reader, and the ¢ axis points up.
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A packing diagram of the crystal structure, drawn
with the aid of the program STER (van de Waal, 1973),
is given in Fig. 2. The molecules are linked by hydrogen
bridges. Each oxygen atom is involved in three hy-
drogen bonds of the type O---H-N. The geometries
of these bonds are given in Table 4. The separations
between the oxygen atom and the hydrogen atoms are
much less than the sum of the van der Waals radii
of these atoms, which is 2:53 A (Kitaigorodsky, 1961).
As stated by Hamilton & Ibers (1968), this is an un-
mistakable criterion for hydrogen bonding.

Mr G. J. van Hummel is thanked for his technical
assistance.
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Abstract. C, H;3;N;0,, M=339-35, orthorhombic,
Pca2, (No. 29), Z=4. At —40°C, a=18-458 (4), b=
10-924 (2), c=7-673 (2) A, V=1547 A3, D.=1-457 ¢
cm~3. At 25°C, D,,=1-44 g cm~3. Mo Ku radiation,
A=0-71069 A, u=1:04 cm~'. R=0-065, 1118 reflections
measured on a Syntex diffractometer. The structure of a
novel, fused-ring heterocyclic compound is confirmed.
As a result of an H...H intramolecular interaction,
the conformations of the two chemically-equivalent
halves of the molecule are found to be quite different.

Introduction. The synthesis and preliminary structural
information for the title compound (I) have been
previously communicated (Cass, Katritzky, Harlow &
Simonsen, 1976). Thin, plate-like crystals were grown
by sublimation; the yellow crystal selected for this
investigation had dimensions of 0-09 x 0-27 x 0-44 mm
perpendicular to (100), (010) and (001). The possible
space groups, Pcam and Pca2; (systematic absences:
0ki, k odd and 40/, h odd), and a set of approximate
unit-cell dimensions were determined from oscillation
and Weissenberg photographs. Space group Pcam,
with Z=4, requires that the molecule be situated on a
twofold axis, across a mirror plane, or about a center
of symmetry; because the molecule can possess none
of these symmetries (assuming an ordered structure),
Pca2, was selected as the correct space group. This
choice was later confirmed by the ‘E’ statistics and, of
course, by the successful refinement of the structure.
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The crystal was mounted on a Syntex P2, diffrac-
tometer equipped with a low-temperature apparatus
which kept the crystal cooled to —40°C. Mo K« radia-
tion, monochromated with a graphite crystal, was used
throughout this study. The unit-cell parameters were
refined using the Bragg angles (as determined by the
Syntex centering routine} of 52 reflections.

Intensity data for 1322 unique reflections (4° < 20 <
48°) were collected using the w-scan technique. Scans
of 1-0° were employed with scan rates which ranged
from 0-5 to 5:0° min~!, depending on the number of
counts accumulated in a rapid preliminary scan. Back-
ground measurements were taken at both ends of the
scan with w displaced by + 1-0° from the Ko peak; the
time of each measurement was one-half of the scan
time. The intensities of four standard reflections were
monitored after every 96 reflections; only statistical
variations were noted. The intensities were corrected
for Lorentz and polarization effects but not for absorp-
tion.



