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Crystal and Molecular Structure of 3-Hydroxybiuret
Potassium Salt (2:1), KH(C,H,N;0;),
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The Royal Danish School of Pharmacy, Chemical Laboratory C, Universitetsparken 2, DK-2100 Copenhagen,
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The structure of the 3-hydroxybiuret potassium
salt (2:1) (C,H,KN;0, C,H,N;0;) has been
determined, using three-dimensional diffracto-
meter-collected X-ray data. The salt crystallizes
in the space group P2,/c with 4 formula units
C,H,KN,O, in the unit cell with the dimensions
a=3.868(2), b=20.38(1), ¢=12.400(7) A, =
90.38(7)°. The structure was solved by the
heavy-atom method and refined by full-matrix
least-squares calculations to a conventional R
of 0.032.

The crystals are built up of Kt ions and
H(C,H,N;0,), ions. The two 3-hydroxybiuret
residues are joined by a very short hydrogen
bond (2.442(3) A) between the hydroxyl oxygen
atoms. In addition the anions are connected by
several NH--:O hydrogen bonds. Each potas-
sium ion is coordinated to eight oxygen atoms.
The KAO distances lie in the range 2.663 —
3.026 A.

The structure determination of 3-hydroxybiuret,
H,N—-(C=0)-N(OH)—- (C=0)—-NH,, was un-
dertaken as part of an X-ray study of organic
hydroxylamine derivatives, which are inhibitors
of DNA synthesis in several cell systems. 3-
Hydroxybiuret (3-HB) and 1-hydroxybiuret
(1-HB) were by Gale et al.! shown to inhibit
DNA synthesis in an ¢n vitro Ehrlich ascites
tumor test system. The 3-HB used in these
experiments was prepared by the method de-
scribed by Exner,2 but following the same
method the present author obtained a compound
with a different melting point (138—139 °C
decomp.; Exner: 133 °C decomp.). The elemen-
tary analysis suggested the compound to be a
3-HB potassium salt (2:1), and this assumption
was verified by the present structure determina-
tion. The C4 name of the compound for the
present collective-index period (1972 —76) is 2-
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hydroxyimidodicarbonic diamide potassium
salt (2:1). By treatment of the potassium salt
with a strongly acidic ion-exchange resin a com-
pound was obtained which is presumed to be
3-HB, but the melting point of 158 —160 °C
decomp. does still not agree with that reported
by Exner. X-Ray structure determination of
this compound and of 1-HB are in progress.

EXPERIMENTAL

The potassium acid salt of 3-HB was syn-
thesized from hydroxyurea and potassium cya-
nate following the method described by Exner ?
for preparation of 3-HB. The yield was 48 9%,
of a crystalline crude product. Recrystallization
by precipitation with absolute ethanol from a
saturated aqueous solution of the crude product
yielded thin, colourless needles, m.p. 138 —139
°C (decomp.). (Found: C 17.35; H 3.34; N 30.16.
Cale. for CH,KN,O,: C 17.40; H 3.28; N 30.20).

Table 1. Crystal data for the 3-HB potassium
salt (2:1).

Mol. formula C,H,KN,O,
Mol. weight 276.3
Melting point 138 —139 °C (decomp.)
Space group P2,/c

a 3.868(2) A
b 20.38(1) A
c 12.400(7) A
B 90.38(7)°

14 9717.5 As

Z 4

D, 1.87 g/em?
D,, 1.85 g/em?
pMoKa 5.78 et

Crystal size 0.10 %X 0.12 x 0.50 mm?

" Rot. axis a
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Crystals suitable for X-ray work were ob-
tained by diffusion at room temperature of
absolute ethanol into a saturated solution of the
salt in aqueous ethanol. Some crystal data of
the compound are given in Table 1. The
density was measured by flotation in a mixture
of carbon tetrachloride and methyl iodide. The
melting points were determined with a hot
stage microscope (Mikroskop Heiztisch Ernst
Leitz G.m.b.H., Wetzlar). The microanalysis
was performed by Preben Hansen, Microanalyt-
ical Laboratory, University of Copenhagen.

The lattice parameters were calculated from
a series of diffractometer-measured 6-values.
The intensity data were collected with a NO-
NIUS 3-circle automatic diffractometer by the
moving crystal-stationary detector technique,
using graphite monochromatized MoKe«-radia-
tion (A=0.71069 A). The scan speed was 0.6°/
min and each reflexion was scanned over a
range of 1.2°. The background was measured on
each side of the reflexion for half the scanning
time. The background count was in the data
reduction set equal to twice the lowest count
obtained in order to avoid weak satellite peaks,
observed on one side of the strong reflexions.
Intensities of reflexions were measured in the
range 2.5°<6<25° and the intensity of a
reference reflexion was measured for every 25
reflexions. Thus 1663 independent reflexions
were measured. A reflexion was considered un-
observed and was omitted when the intensity
observed was less than 2.5 times its estimated
standard deviation. The number of observed
reflexions was reduced to 1446. These data were
corrected for Lorentz and polarization effects,
but no corrections for absorption or extinction
were made.

STRUCTURE DETERMINATION

The structure was solved from the three-
dimensional Patterson map by the heavy-atom
method. The electron density map, based on the
position of the potassium ion only, revealed the
positions of all 16 non-hydrogen atoms cf the
two 3-HB residues in the asymmetric unit. The
conventional R-value was 0.31 at this stage.
Three cycles of full-matrix least-squares refine-
ment, in which positional as well as individual
atomic, isotropic thermal parameters were var-
ied, reduced the R-value to 0.074.

The difference Fourier map, calculated at this
stage of the refinement, revealed the 8 hydrogen
atoms of the NH,-groups unambiguously (cf.
Fig. 1). The 9th hydrogen atom is situated
between the hydroxyl oxygen atoms O(3) and
O(3’), apparently either symmetrically or
statistically disordered.

H(12) @ HO')

Hi'M

drg

\ I

Fig. 1. Projection along the a-axis of sections of
the difference Fourier map. Contours are at
intervals of about 0.1 e A3,

H1'2)

1/2b

In the following refinement this hydrogen
atom was treated as 2 half hydrogen atoms,
H(3) and H(3’), ¢.e. each with a population
parameter of 0.5 and situated in either end of
the elongated peak, about 0.8 A apart.

Two cycles of anisotropic least-squares refine-
ment with all H-atom parameters fixed, reduced
the R-value to 0.042. In the remaining two
cycles of refinement the positional parameters
of the H-atoms were also varied, but the
isotropic thermal parameters of 2.0 A? were
still fixed. The final R-value was 0.032. Refine-
ment of the population parameters of H(3) and
H(8’) was also carried out, but the shifts were
not significant, and these parameters were
therefore fixed on 0.5.

In another attempt of refinement the hydro-
gen atom H(3) was included with a position
midway between the oxygen atoms O(3) and
0(3’) and allowed to vibrate isotropically. Only
these four parameters of H(3) and the scale
factor were refined, and at convergence (R=
0.031) the hydrogen atom had moved toward
the oxygen atom O(3’). The dimensions corre-
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Table 2. Observed and calculated structure factors. The columns are 7, 10 x F, and 10 x F.
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Table 2. Continued.
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Table 2. Continued.
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sponding to this refinement are also given in
the description of the structure.

The above refinements were based on F,
minimizing the function Jw(|F,|—|F.|)2. The
weights for all observed reflexions were unity.
The weight analysis, .. the plot of the
{w(|F,| —|F|)*> values as a function of F, and
sin 6 for groups of reflexions, indicated that this
choice was satisfactory. The atomic scattering
factors for K+ and neutral O, N, C, and H,
respectively, were taken from International
Tables for X-Ray Crystallography.® Observed and
calculated structure factors are listed in Table
2. Table 3 lists the fractional coordinates of the
atoms, and Table 4 the thermal parameters of
the non-hydrogen atoms.

The input tapes for the diffractometer were
produced on a GIER computer using & program
written by Serensen.* The rest of the calcula-
tions were performed on the IBM 360/75
computer at NEUCC, Lundtofte, Denmark,
using a local version of the N.R.C. 2A Picker
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data reduction program,® and The X-Ray Sys-
tem.® The drawings were prepared by ORTEP."

DISCUSSION

The structure of the 3-HB potassium salt (2:1)
is built up of K+ ions and H(C,H,N,;0,),” ions.
As illustrated in Fig. 2 the potassium ions form
slightly puckered layers, which are perpendic-
ular to the c-axis and nearly at 2=0 and }.
The 3-HB anions are situated between these
layers. The anion is composed of the two
crystallographically nonequivalent 3-HB resi-
dues, which are joined by a short hydrogen bond
between the hydroxyl oxygen atoms, O(3) and
0O(3’), and are linked to the metal ions by ionic
interactions. In addition the anions are linked
to a three-dimensional network by several
NH::-O hydrogen bonds. The lengths of these
bonds are given in Fig. 2, and the angles con-
cerning the hydrogen bonding system are given
in Table 7.
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Table 3. Fractional atomic coordinates. The 3-HB anions. Fig. 3 shows the geometry
of the anion together with the bond lengths and
angles. No significant differences in the di-

x z
Y mensions of the two non-equivalent 3-HB resi-
dues were found, and in addition the bond
K+ 0.2825(1) 0.1554(1)  0.0242(1) ¢ : :
N(1) 0.4725(7) 0.3586(1)  0.1933(2) }?:g };s andl angles are in agreement with
C(2) 0.5465(7) 0.3006(1) 0.1491(2) 1.era, ure values for comparable molecules, e.g.
0(2) 0.4649(6) 0.2852(1)  0.0571(1) biuret,*~® and hydroxyurea.™
g((g)) 8;?;3%; 8%3332 }; g%éésg%; An analysis of planarity of the 3-HB residues
C4) 0:8479(7) 0:2660(1) 0:3193(2> was carried out by calculation of the best p.la.ne
0(4) 0.7810(5) 0.3168(1)  0.3709(1) throtlxgh the non-hydrogen atoms of each residue
N(5) 1.0356(6) 0.2167(1)  0.3594(2) and in addition through the N, C, and O atoms
g((21,')) gggg'?((g)) —88%;8; 8{;83%; of each half of the residues (¢f. Table 5). The
0(2') 027428(5) 0:0618(1) 020683(1) analysis c%ea,rly shows that the atoms defining
N(3') 0.6879(5) 0‘0520(1) 0‘2504(1) plane 1 is more coplanar than the atoms
0(3") 0.4831(5) 0.1083(1)  0.2475(1) defining plane 2. In residue 1 there is a twist
8((‘2')) (()) Zg‘ég(?) ggggg( }) 832?8(%) of only 3.4° between the two H,N — (C=0) —N —
N(5') 0:7118f7) _oﬁoesogli 0:433952; ;:°li§ti2?,3;§§;’hc°"?§f’°mgng a“dgle t‘;fir:;id“e 2
.2° residues have adap e con-
H(11) 0.517(10) 0.366(1) 0.262(3) formation that gives rise to an intramolecular
H(12)  0.345(10)  0.386(1)  0.158(3) NH---O hydrogen bond (¢f. Fig. 2). The same
H(3) 0.717(22) 0.166(4) 0.198(6) conf ti found in the biuret molecule ®
H(51) 1.078(10) 0.182(2) 0.317(3) onformation was found in the biuret molecule
H(52) 1.113(09) 0.217(1) 0.430(3) and the perdeuterated biuret molecule,’® where
H(1'1) 1.036(10) —0.044(1) 0.208(3) the length of the intramolecular hydrogen bond
H(1'2)  1.063(10)  —0.038(1) 0.087(3)  was found to be 2.72 A and the twisting angle
H(3") 0.574(24) 0.140(4) 0.219(7) o
H(5'l) 0.604(10)  0.107(2)  0.4203) 3 o
H(5'2) 0.795(10) 0.057(1) 0.497(3) The environment of the potassium ton. The

potassium ion has eight oxygen neighbours
belonging to six different 3-HB residues, with
K -0 distances in the range 2.663—3.026 A
(¢f. Fig. 4). These values are in good agreement

Table 4. Thermal parameters for the non-hydrogen atoms.
Tj=exp [—1/4 (By,h%a*2+ -+ + 2Bygklb*c*)].

Bll B!i B33 Bll BlB BRS
K+ 1.62(02) 2.12(02) 1.81(03) 0.19(02) —0.07(02) 0.09(02)
N(1) 3.56(11) 1.95(09) 2.56(06) 0.65(10) —0.44(10) —0.14(09)
C(2) 1.71(11) 1.79(10) 1.76(11) —0.22(08) 0.12(09) 0.09(09)
0(2) 3.75(11) 2.71(10) 1.91(09) 0.21(08) —0.84(08) —0.10(07)
N(3) 1.95(10) 1.51(09) 1.48(09) 0.13(08) —0.03(07) —0.35(07)
0(3) 2.55(09) 1.77(08) 1.86(08) 0.44(07) 0.28(07) —0.38(07)
C(4) 1.58(11) 2.00(12) 1.72(11) —0.59(10) 0.20(09) —0.01(07)
0(4) 2.81(09) 2.15(09) 1.81(08) —0.08(07) —0.13(07) —0.60(07)
N(5) 2.63(12) 2.37(11) 1.95(10) 0.25(09) —0.47(09) —0.02(09)
N(1) 3.28(09) 2.01(11) 1.89(10) 0.89(10) 0.27(09) 0.08(09)
C(2) 1.60(11) 1.69(11) 1.88(11) —0.18(09) —0.07(09) —0.17(09)
0(2') 2.89(09) 2.07(08) 1.52(08) 0.50(07) 0.02(07) 0.27(06)
N(3") 1.82(10) 1.58(09) 1.69(09) 0.33(08) 0.05(08) 0.22(07)
- 0(3) 2.15(09) 1.94(09) 2.15(09) 0.70(07) 0.29(07) 0.13(07)
C(4') 1.77(11) 1.80(12) 1.86(11) —0.30(09) 0.00(08) 0.13(09)
0(4") 3.17(10) 1.98(09) 2.03(08) 0.44(08) —0.29(07) 0.20(07)
N(5) 3.44(13) 2.62(12) 1.72(10) 0.68(10) —0.04(09) —0.10(09)
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Fig. 2. The structure viewed along the a-axis.

Table 5. Least-squares planes. The equations of the planes can be expressed as Px+ Qy+ Rz=S8in

direct space.

Plane 4

3.227
8.706
—4.391
3.650

Plane 4

N(3) 0.000
C(4) 0.000
O(4) 0.000
N(5) 0.000

Plane 5

3.326
10.059
1.546
3.201

Plane 5

N(1’) —0.003
c(2)  0.008
0(2') —0.003
N(3’) —-0.002

Angles between normals to planes:

Plane 1 Plane 2 Plane 3
P 3.304 3.253 3.343
Q 8.054 11.019 7.584
R —4.258 0.083 —4.270
S 3.591 2.939 3.472
Distances in A of the atoms from the planes.
Plane 1 Plane 2 Plane 3
N(1) 0.03 N(I’) —0.05 N(1) 0.001
C(2) 0.00 C(2") 0.02 C(2) -0.003
0(2) 0.00 0O(2’) 0.16 0O(2) 0.001
N(3) -0.02 N(3’) —0.11 N(3) 0.001
0(3) -—0.01 0(3’) —0.15
C(4) -0.01 C4’) 0.01
0(4) -—0.04 0(4) —0.04
N(5) 0.05 N(5) 0.16
Additional atoms:
H(11) —0.04 H(1'1) —0.04 1:2 21.9°
H(12) —0.01 H(1’2) 0.10 34 3.6°
H(51) 0.09 H(5'1) 0.25 5:6 13.2°
H(52) 0.01 H(5'2) 0.32
H(3) —0.72 H(3) 0.50

Plane 6

3.337
10.099
—1.314
2.494

Plane 6

N(3’) —0.002
C4) 0.005
0(4') —0.002
N(5') —0.002

Acta Chem. Scand. A 28 (1974) No. 7
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Fig. 3. Bond lengths and valency angles. The
standard deviations on bonds between non-
hydrogen atoms are 0.003 —0.004 A, and on the
angles 0.2—0.3°. The standard deviations on
bonds to hydrogen atoms are 0.03—0.04 A and
on angles including hydrogen atoms 2 — 6°.

with those earlier reported for eight-coordinated
potassium,® e.g. in the structure of potassium
hydrogen diformate.!* As in this structure there
is no regular geometry of the arrangement (cf.
Table 6). It seems likely that the reason for

this is the intensive ¢nfermolecular hydrogen
bonding in the structure.

Two of the coordinating oxygen atoms, O(2)
and O(3), belong to residue 1, and other two,
0(2’) and O(3’), belong to residue 2 (cf. Fig. 4),
but the planes through the chelate ligands do
not pass through the central potassium ion. The
displacements of Kt from the planes defined
by O(2)—(C2)—-N(3)—-0(3) and 0(2)—C(2’) -
N(3’)—-0(3’) are —1.51 and —0.47 A, respec-
tively. A similar situation was found in the
potassium acid salts of isonitrosoacetophenone,!?
and the cyclic hydroxamic acid 5-bromo-3-
hydroxy-6-methyl-uracil,’® and is not a matter
for surprise considering the electrostatic nature
of the bonding. Nevertheless, the chelate rings
in the structures of the potassium acid salts of
carboxylic acids are often found to be planar.1*

The number of ionic contacts to potassium is
different for the two 3-HB residues: residue 1
has five and residue 2 has three contacts to K+.
This may mean that there is a tendency
towards less ionization in residue 2 than in
residue 1.

The distance between the layers of the
potassium ions is about 6 A (~ 4c). The nearest
potassium-potassium contact is 3.868 A (=a).

The short hydrogen bond. In most structures
with very short hydrogen bonds, e.g. the acid
salts of carboxylic acids, the short hydrogen
bond has to be symmetric, because the acidic
residues are crystallographically symmetry re-
lated. In the present structure the hydrogen
bond, which links the 3-HB residues to a
“dimer”’, has no crystallographical symmetry.

Fig. 4. Stereoscopic view of the potassium ion with its eight oxygen neighbours. In addition the
chelate ligands of each 3-HB residue are indicated.

Acta Chem. Scand. A 28 (1974) No. 7
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Table 6. The 28 independent O — K — O angles (°). The standard deviations are 0.05—0.07°.

0(2)-K+—0(3) 55.9
0(2)—K+—-0(2) 119.0
0(2)—K+—0(3) 96.0
0(2)—K+—0(3) 76.7
0(2) -K+—0(2')t 142.1
0(2)—K+—0(4)1 74.3
0(2) — K+ —0(4)ur 94.8
0(3)-K+-0(2) 66.6
0(3)-K+—0(3) 49.1
0(3)—K+-0(3) 89.1
0(3)-K+—-0(2')t 127.2
0(3)—K*+—0(4)1 81.9
0(3) — K+ — O(4)1 150.6
0(2)—K+—-0(3") 54.4

0(2) -K+—0(3) 123.0
0(2) —K+—0(2')1 88.4
0(2') - K+ —0(4)1 79.6
0(2') — K+~ O(4)ur 138.8
0(3) —K+—0(3) 70.4
0(3) =K+ —0(2')t 78.4
0(3)—K+—0(4)I 121.1
0(3) =K+ — 0411 150.2
0(3)I—K+—0(2')t 66.0
0(3)I— K+ — O(4)1L 149.7
0(3)1— K+ —O(4)1I 85.3
O(2')I— K+ —O(4)I! 140.5
0(2)1— K+ —O(4)11 76.1
O(4)I— K+ — O(4)H1 88.6

Roman numerals as superscripts denote the following equivalent positions relative to the reference
molecule of z, y, 22 T z—1,y,2; Il 2, —y+3%,2—%; Il -1, —y+3, z2— 4.,

Table 7. Interatomic angles (°) concerning the
hydrogen bonding system.

N(1)—H(11)—O(4) 131(3)
N(1)—H(12)— O(4")IV 156(3)
0(3)—H(3)— 0(3") 172(9)
0(3)—H(3") — 0(3) 170(9)
N(5)—H(51) - O(3')V 148(3)
N(5)—H(52) — O(2)V1 158(3)
N(1’)—H(1'1) — O(4’) 134(4)
N(1’) —H(1’2) — O(2)vVIL 176(4)
N(5") — H(5"2) — O(4’) vl 172(4)

Roman numerals as superscripts denote the
following equivalent positions relative to the
reference molecule of z, y, z: IV —xz+1, y+ 14,
—2z+3 Vat+l, y, 2 VI x4+1, —y+4, z+4;
VII ~2+2, —y, —2; VIII —2+2, —y, —2+1.

But the short O---0 distance of 2.442(3) A, the
favourable N—O:--O angles of 109.8(3)° and
108.5(2)°, respectively, and the almost identical
geometry of the 3-HB-residues being connected,
are consistent with the existence of a virtually
symmetrical hydrogen bond."-1® Symmetry due
to statistical disorder is also possible. The rather
elongated peak between the oxygen atoms of
the difference map could perhaps be interpreted
as an unresolved peak due to two half H-atoms
about 0.4 A on either side of the midpoint.
The final refinement (~ R =0.032) was based on
this assumption.

But the X-ray data were also consistent with
an asymmetric hydrogen bond. Refinement of
the positional parameters of the hydrogen atom,
with a start position midway between the

Acta Chem. Scand. A 28 (1974) No. 7

oxygen atoms, led to the following, perhaps
most reliable, arrangement of the system: O(3) —
H(3)=1.31(4) A, O(3’)—H(3)=1.13(4) A and
the angle O(3)—H(3)~0(3")=179(3)°. In fact
the O(3’) — H(3) bond has just the length corre-
sponding to an O--+O distance of 2.44 A, using
the curve, given by Lundgren,’* of O-H
distance as a function of O---O distance.

The conclusion must be that it is not possible
from the X-ray data to establish whether this
hydrogen bond is symmetric or slightly asym-
metric.
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