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The title compound [systematic name: 6-amino-5-formyl-1,3-

dimethylpyrimidine-2,4(1H,3H)-dione monohydrate], C7H9-

N3O3�H2O, has been reexamined at 120 K. The improved

precision of the intramolecular dimensions provides evidence

for a polarized molecular±electronic structure, and the mol-

ecular components are linked by one NÐH� � �O and two OÐ

H� � �O hydrogen bonds into two interwoven three-dimen-

sional frameworks, which are weakly linked by the longer

component of a three-centre NÐH� � �(O)2 hydrogen bond.

Comment

Recent studies (Low et al., 2000; Quesada et al., 2002; Melguizo

et al., 2003) of amino-substituted 5-nitrosopyrimidines have

provided compelling evidence for the development of exten-

sively polarized molecular±electronic structures, in which

forms such as A (Low et al., 2000) and B (Quesada et al., 2002;

Melguizo et al., 2003) (see scheme) make important contri-

butions to the overall molecular±electronic structures,

normally represented by forms such as C and D. These

polarized structures in turn lead to the formation of supra-

molecular networks built from charge-assisted (Gilli et al.,

1993) hydrogen bonds. With these recent ®ndings in mind, we

have now reinvestigated the structure of the title compound,

(I) (Fig. 1). The structure of (I) was reported some years ago

from diffraction data collected at ambient temperature (Low

et al., 1992), but the precision of that determination does not

permit a detailed analysis of the intramolecular dimensions,

nor did the earlier report contain any discussion of the

supramolecular aggregation. We have now redetermined the

structure of (I) using diffraction data collected at 120 K and

we present here an analysis of the intramolecular geometry

and a description of the supramolecular aggregation. The unit-

cell dimensions, space group and atomic coordinates show that

no phase transition occurs between ambient temperature and

120 K.

The organic component of compound (I) is effectively

planar, apart from the H atoms of the methyl groups, and the

coplanarity of the formyl unit with the ring may be associated

with the intramolecular NÐH� � �O hydrogen bond (Table 2).

The intramolecular bond distances (Table 1) show a number of

unusual features. The C6ÐN6 bond is short for its type (Allen

et al., 1987) and C51ÐO51 is long for its type, while C4ÐO4 is

somewhat longer than C2ÐO2. At the same time, the lengths

of the three bonds involving C5 span only a very small range,

whereas in the classical representation the C5ÐC6 bond is a

double bond, while the C5ÐC4 and C5ÐC51 bonds are single

bonds. Finally, the C6ÐN1 bond is the shortest of the four

independent CÐN bonds within the ring. These observations,

taken together, provide evidence for the importance of the

polarized form (Ia) of the organic component as a contributor

to the overall molecular±electronic structure, in addition to

the classical form (Ib). It should perhaps be emphasized here

that the similarity of the bond lengths involving C5, in parti-

cular, is not apparent from the results of the ambient-

temperature study, nor is the lengthening of the C4ÐO4 bond.

In form (Ia), the anionic fragment resembles a 1,3-diketonate

unit in the syn±anti conformation, while the cationic fragment

most closely resembles an amidinium cation.

Within the selected asymmetric unit, the independent

components of (I) are linked by an NÐH� � �O hydrogen bond

(Fig. 1 and Table 2). These bimolecular aggregates are then

organic compounds
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linked by two independent OÐH� � �O hydrogen bonds and an

NÐH� � �O hydrogen bond which is, in fact, the longer weaker

component of a planar three-centre NÐH� � �(O)2 hydrogen

bond, in which both acceptors are formyl O atoms (Table 2). It

is convenient to consider the actions of the two independent

OÐH� � �O hydrogen bonds, ®rstly acting in isolation, and

secondly acting together. Water atom O1 at (x, y, z) acts as a

hydrogen-bond donor, via atom H1A, to amidic atom O4 at (x,

1 ÿ y, 1
2 + z), so completing a C2

2(8) (Bernstein et al., 1995)

chain running parallel to the [001] direction and generated by

the c-glide plane at y = 1
2. The same water atom also acts as a

hydrogen-bond donor, this time via atom H1B, to atom O2 at

(1
2 + x, 1

2 ÿ y, 1
2 + z), so completing a second C2

2(8) chain, now

running parallel to the [101] direction and generated by the

n-glide plane at y = 1
4. These two chain motifs, generated by

different glide planes, are suf®cient to generate a three-

dimensional framework, within which it is possible to identify

a third simple chain motif, involving both OÐH� � �O hydrogen

bonds and this time running parallel to the [010] direction

(Fig. 2). The combination of the hydrogen-bonded chains

along [010], [001] and [101] necessarily generates a three-

dimensional structure. The framework thus formed encom-

passes only half of the molecules within the unit cell, and this

three-dimensional substructure conforms exactly to Cc

symmetry. A second such substructure is related to the ®rst by

the twofold rotation axes, and the two substructural frame-

works are continuously interwoven. They are linked by the

inter-aggregate NÐH� � �O hydrogen bond, which is the

weaker component of the three-centre system in which the

amino atom N6 at (x, y, z) acts as donor to the formyl atoms

O51 at both (x, y, z) and (2 ÿ x, y, 3
2 ÿ z), so forming a cyclic

motif generated by the twofold rotation axis along (1, y, 3
4) in

which an R2
2(4) motif comprising two double donors and two

double acceptors is embedded within an outer R2
2(12) ring

(Fig. 3).

In view of the interesting three-dimensional supramolecular

structure found for compound (I), we have also brie¯y

analysed the supramolecular aggregation of the isoelectronic

analogue (II), using the published atomic coordinates. This

structure was reported (Low et al., 1992) in space group Pnam,

a nonstandard setting of Pnma, although the CIF retrieved (17

August 2007) from the IUCr archive records the structure as

organic compounds
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Figure 1
The independent molecular components of compound (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. The dashed line indicates the NÐH� � �O hydrogen bond linking the
components within the selected asymmetric unit.

Figure 2
A stereoview of part of the crystal structure of compound (I), showing the
formation of a hydrogen-bonded chain along the [010] direction
containing three types of intermolecular hydrogen bond. For the sake
of clarity, H atoms bonded to C atoms have been omitted

Figure 3
Part of the crystal structure of compound (I), showing the formation of
the cyclic motif which links the two frameworks. For the sake of clarity,
the unit-cell outline and H atoms bonded to C atoms have been omitted.
Atoms marked with an asterisk (*) are at the symmetry position (2ÿ x, y,
3
2 ÿ z).

Figure 4
A stereoview of part of the crystal structure of compound (II), showing
the formation of a hydrogen-bonded sheet parallel to (001). The
published atomic coordinates (Low et al., 1992) have been used. For
the sake of clarity, H atoms bonded to C atoms have been omitted.



having space group Pna21, which had been considered by the

authors and rejected by them. Scrutiny of the Pna21 structure

using the ADDSYM option in PLATON (Spek, 2003) showed

a 100% ®t to space group Pnam, as deduced by the earlier

authors. A combination of three hydrogen bonds, one each of

the NÐH� � �O, OÐH� � �O and OÐH� � �N types, links the

molecular components of (II) into complex sheets parallel to

(001) and containing four types of ring, with chains of edge-

fused R6
5(19) rings along [100] alternating with strings of edge-

fused S(6), R2
1(5) and R2

3(6) rings (Fig. 4). Thus, a rather

modest change in the constitution of the organic component

between compounds (I) and (II) leads to a major change in the

hydrogen-bonded supramolecular aggregation.

Experimental

A mixture of phosphoryl chloride (10.7 mmol) and dimethyl-

formamide (2 ml) was stirred at 273 K for 15 min, and then a

suspension of 6-amino-1,3-dimethyluracil (6.4 mmol) in dimethyl-

formamide (8 ml) was added. The mixture was heated at 323±333 K in

a water bath for another 15 min and then poured on to crushed ice.

The resultant solution was heated to boiling and neutralized with

solid sodium hydroxide. The mixture was allowed to cool to ambient

temperature and the resulting solid product was collected by ®ltra-

tion, washed with a little ice-cold water and recrystallized from water

(yield 98%, m.p. 465±467 K). Crystals of (I) suitable for single-crystal

X-ray diffraction were obtained by slow evaporation of a solution in

ethanol±water (97:3 v/v).

Crystal data

C7H9N3O3�H2O
Mr = 201.19
Monoclinic, C2=c
a = 15.5815 (4) AÊ

b = 7.4458 (4) AÊ

c = 16.8575 (8) AÊ

� = 116.408 (4)�

V = 1751.67 (15) AÊ 3

Z = 8
Mo K� radiation
� = 0.13 mmÿ1

T = 120 (2) K
0.60 � 0.50 � 0.10 mm

Data collection

Bruker Nonius KappaCCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 2003)
Tmin = 0.946, Tmax = 0.988

19726 measured re¯ections
2012 independent re¯ections
1418 re¯ections with I > 2�(I)
Rint = 0.042

Re®nement

R[F 2 > 2�(F 2)] = 0.048
wR(F 2) = 0.142
S = 1.06
2012 re¯ections

129 parameters
H-atom parameters constrained
��max = 0.34 e AÊ ÿ3

��min = ÿ0.33 e AÊ ÿ3

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

groups. C2/c was selected and con®rmed by the re®nement. All H

atoms were located in difference maps and then treated as riding

atoms, with CÐH = 0.95 (formyl) or 0.98 AÊ (methyl), NÐH = 0.86 AÊ

and OÐH = 0.82 AÊ , and with Uiso(H) = kUeq(carrier), with k = 1.5 for

the methyl and water H atoms, and 1.2 for all other H atoms.

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

DIRAX/LSQ (Duisenberg et al., 2000); data reduction: EVALCCD

(Duisenberg et al., 2003); program(s) used to solve structure: SIR2004

(Burla et al., 2005); program(s) used to re®ne structure: OSCAIL

(McArdle, 2003) and SHELXL97 (Sheldrick, 1997); molecular

graphics: PLATON (Spek, 2003); software used to prepare material

for publication: SHELXL97 and PRPKAPPA (Ferguson, 1999).
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Table 1
Selected geometric parameters (AÊ , �).

N1ÐC2 1.387 (2)
C2ÐN3 1.375 (2)
N3ÐC4 1.405 (2)
C4ÐC5 1.425 (3)
C5ÐC6 1.417 (2)
C6ÐN1 1.368 (2)

C2ÐO2 1.223 (2)
C4ÐO4 1.237 (2)
C5ÐC51 1.432 (3)
C51ÐO51 1.228 (2)
C6ÐN6 1.317 (2)

C4ÐC5ÐC51ÐO51 178.91 (19)

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

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

N6ÐH6A� � �O1 0.86 1.99 2.831 (2) 166
N6ÐH6B� � �O51 0.86 1.98 2.686 (2) 138
N6ÐH6B� � �O51i 0.86 2.38 3.030 (2) 133
O1ÐH1A� � �O4ii 0.82 1.93 2.7465 (18) 174
O1ÐH1B� � �O2iii 0.82 2.00 2.8177 (18) 172

Symmetry codes: (i) ÿx� 2; y;ÿz� 3
2; (ii) x;ÿy� 1; z� 1

2; (iii) x� 1
2;ÿy� 1

2; z� 1
2.


