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In the 1:1 monohydrated molecular adduct 2,4-diamino-6-

methyl-1,3,5-triazin-1-ium chloride 2,4-diamino-6-methyl-

1,3,5-triazine monohydrate, C4H8N5
+�Clÿ�C4H7N5�H2O, form-

ed between 2,4-diamino-6-methyl-1,3,5-triazin-1-ium chloride

(acetoguanaminium chloride) and 2,4-diamino-6-methyl-1,3,5-

triazine (acetoguanamine), and in triaminopyrimidinediium

dichloride dihydrate, C4H9N5
2+�2Clÿ�2H2O, whose cationic

component lies across a twofold rotation axis, the protonation

occurs at the ring N atoms and the bond distances in the

protonated molecules indicate signi®cant bond alterations,

consistent with charge-separated polar forms. The supra-

molecular structures of both compounds are stabilized by

systems of hydrogen bonds forming complex sheets, inter-

linked by sets of hydrogen bonds involving the solvent water

molecules and the chloride anions.

Comment

We report here the structures of the 1:1 monohydrated mol-

ecular adduct, (I), formed between 2,4-diamino-6-methyl-

1,3,5-triazin-1-ium chloride [acetoguanaminium (AceguH+)

chloride] and 2,4-diamino-6-methyl-1,3,5-triazine (aceto-

guanamine, Acegu), which we compare with the structure of

2,4,6-triaminopyrimidinediium (TripidH2
2+) dichloride dihy-

drate, (II). The heterocyclic system in (I) differs from that in

(II) only in the replacement of one amino substituent on the

triazine ring by a methyl substituent and by the substitution of

an N atom for a C atom in the triazine ring, and this provides

an opportunity to observe the effects that simple changes of

substituent and in the heterocyclic skeleton exert upon the site

of protonation and the supramolecular aggregation. This work

is a continuation of our studies on crystal adducts of DNA/

RNA pyrimidine bases coupled with amino derivatives of

aromatic N-heterocycles via multiple hydrogen bonds to

mimic the base-pairing of nucleic acids (Portalone et al., 1999,

2002; Brunetti et al., 2000, 2002; Portalone & Colapietro,

2004a,b, 2006, 2007a,b,c,d; Portalone, 2007). In this context,

our attention has been focused on the protonated form of the

two previously mentioned aromatic N-heterocycles, as poly-

aminopyrimidine and polyamino-1,3,5-triazine are capable of

interacting with RNA through Watson±Crick pairing (Gilbert

et al., 2006), and the relevance of proton transfer in DNA/

RNA systems was demonstrated many years ago (Steenken,

1989, 1997).

The asymmetric unit of (I) consists of one protonated

(AceguH+) and one neutral (Acegu) acetoguanamine mol-

ecule, a chloride anion and a water molecule of crystallization

(Fig. 1). Of the different sites available in the acetoguanamine

molecule, protonation occurs at one of the two ring N atoms
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Figure 1
The asymmetric unit in (I), showing the atom-labelling scheme and
hydrogen bonding (dashed lines). Displacement ellipsoids are drawn at
the 50% probability level.



ortho to the C atom bearing the methyl group. Comparison of

the molecular geometry of the planar heterocyclic ring of

Acegu with that reported for guanamine (Portalone, 2007)

shows that the corresponding bond lengths and angles are

equal within experimental error and conform to Cs symmetry

(Table 3). The effects of protonation can be appreciated by

comparing the molecular geometry of the AceguH+ cation

with that of the free base (Table 3), and can be summarized as

follows: (i) an increase of the N11ÐC12 and N11ÐC16 bond

distances by 0.007 (2) and 0.018 (2) AÊ , respectively; (ii) a

decrease of the N13ÐC12, N15ÐC16, N16ÐC12 and N17Ð

C14 bond distances by 0.014 (2)±0.026 (2) AÊ ; (iii) an increase

of the C12ÐN11ÐC16 bond angle by 5.6 (1)�; (iv) a decrease

of the N11ÐC12ÐN13 and N11ÐC16ÐN15 bond angles by

4.1 (1) and 4.0 (1)�, respectively.

Protonation of atom N11 causes a redistribution of

�-electron density so that the resulting distortions in the

molecular geometry of the cation, which have been observed

in the only two previously reported crystal structures

containing the 2,4-diamino-6-methyl-1,3,5-triazin-1-ium unit

(Wijaya et al., 2004; PerpeÂ tuo & Janczak, 2007), point to the

importance of the charge-separated quininoid forms (Ia) and

(Ib) as signi®cant contributors.

As previously mentioned, compound (I) crystallizes as a 1:1

monohydrated molecular adduct. In the crystal structure, the

hydrogen-bonding scheme is rather complex and involves all

available hydrogen-bond donor/acceptor sites, except for O1,

which participates as a hydrogen-bond donor in two inter-

molecular interactions but in only one as an acceptor. In total,

the supramolecular structure of (I) is characterized by 11 two-

centre hydrogen bonds, namely nine NÐH� � �X (X = N, O and

Clÿ) and two OÐH� � �Y bonds (Y = N and Clÿ) (Table 1), and

is dominated by two main motifs. Firstly, an R2
2(8) ring (Etter et

al., 1990; Bernstein et al., 1995; Motherwell et al., 1999) forms

from NÐH� � �N double intermolecular hydrogen bonds

between centrosymmetric coplanar Acegu pairs. These pairs

further self-organize through R2
2(8) NÐH� � �N double inter-

molecular hydrogen bonds with centrosymmetric coplanar

R2
2(8) AceguH+ pairs to generate in®nite chains of rings

running approximately parallel to the [010] direction (Fig. 2).

In other words, this hydrogen-bonding scheme corresponds to

an alternating double repetition of AceguH+ and Acegu

molecules. These in®nite chains are then crosslinked by one

N+ÐH� � �O, one OÐH� � �N and four NÐH� � �Clÿ inter-

molecular hydrogen bonds between pairs of Acegu and

AceguH+ molecules, forming a sheet-like structure via four

adjoining hydrogen-bonded rings [R2
3(8), R2

3(8), R2
4(8) and

R3
4(12)], and form the second major motif, also shown in Fig. 2.

The hydrogen bonds so far discussed in the two-dimensional

arrays in the bc plane are bridged by water molecules via OÐ

H � � �Clÿ interactions. It is noteworthy that in AceguH+, where

the charge-separated forms (Ia) and (Ib) are signi®cant, the

intermolecular NÐH� � �Clÿ and NÐH� � �N hydrogen bonds

are characterized by shorter N� � �Clÿ and N� � �N distances

(Table 1) than those in Acegu where the development of

comparable charge-separated forms is not possible.

The asymmetric unit of compound (II) comprises a planar

half-molecule of 2,4,6-triaminopyrimidine disposed about a

twofold axis along the line joining atoms N6, C2 and C5, and

protonated at the ring N atom (TripidH+), a chloride anion

and a water molecule of crystallization (Fig. 3). Comparison of

the molecular geometry of TripidH+ with that reported for the

free base (Schwalbe & Williams, 1982) was not possible

because of the low accuracy of the latter structure determi-

nation (twinned crystals, R = 0.104 with a data-to-parameter

ratio of 4.9 and standard deviations of 0.01 AÊ in bond lengths

and 0.8� in bond angles for the two molecules in the asym-

metric unit). Consequently, the effects of protonation can be

appreciated by matching the molecular geometry of the

TripidH+ cation with that of Acegu (Table 3). As for (I), the

observed geometrical distortions suggest that the charge-

separated quininoid forms (IIa), (IIb) and (IIc) are signi®cant

contributors to the overall molecular±electronic structure.

The crystal packing of (II) involves all available hydrogen-

bond donor/acceptor sites, and is stabilized by seven hydrogen

bonds, namely ®ve NÐH� � �X (X = O and Clÿ) and two OÐ

H� � �Clÿ bonds (Table 2). The supramolecular structure takes
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Figure 2
A perspective view of the crystal packing for (I) approximately along the
c-axis direction. Displacement ellipsoids are drawn at the 50%
probability level. Hydrogen bonding is indicated by dashed lines.



the form of sheets generated by a combination of NÐH� � �Clÿ,

NÐH� � �O and OÐH� � �Clÿ hydrogen bonds (Fig. 4); this may

be contrasted with (I), where NÐH� � �N and OÐH� � �N
hydrogen bonds are present. Moreover, at variance with the

previously observed supramolecular organization of (I), in the

two-dimensional arrays in (II), water molecules and Clÿ

anions act as bridges between TripidH2
2+ cations, forming

three different types of hydrogen-bonded rings, viz. one of

R2
2(8) type, one of R1

2(6) type and one of R3
4(8) type. The (010)-

nets thus formed are themselves linked into a three-dimen-

sional network by pairs of O1ÐH1� � �Cl1iii [symmetry code:

(iii) ÿx + 3
2, ÿy ÿ 1

2, ÿz + 1
2] hydrogen bonds, so forming

centrosymmetric hydrogen-bonded rings of R2
4(8) motif and

approximately in the [001] direction (Fig. 4). In one of the

three NÐH� � �Clÿ interactions, where atom N7 acts as a

hydrogen-bond donor via atom H71, there is some uncertainty

as to whether this is a hydrogen bond or not. However, as is

very frequently found for bifurcated hydrogen bonds, the sum

of the inter-bond angles at the H atom is close to 360� and the

H� � �Clÿ distance can be greater than the van der Waals

separation (Jeffrey & Saenger, 1991; Desiraju & Steiner, 1999;

Steiner, 2002).

Experimental

Compounds (I) and (II) (0.5 mmol, Aldrich, 98% purity) were

dissolved without further puri®cation in 8 ml of hot dimethyl-

formamide and in 10 ml of methanol/chloroform (3:1), respectively.

While stirring, HCl (6 mol lÿ1) was added dropwise until the pH

reached 2. After several days, colourless single crystals suitable for

X-ray experiments were obtained by slow evaporation of the solvents.

Compound (I)

Crystal data

C4H8N5
+�Clÿ�C4H7N5�H2O

Mr = 304.77
Triclinic, P1
a = 7.3808 (9) AÊ

b = 9.4538 (10) AÊ

c = 10.3942 (9) AÊ

� = 90.971 (12)�

� = 101.554 (14)�


 = 104.252 (16)�

V = 687.03 (13) AÊ 3

Z = 2
Mo K� radiation
� = 0.29 mmÿ1

T = 298 (2) K
0.20 � 0.20 � 0.10 mm

Data collection

Huber CS four-circle diffractometer
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.940, Tmax = 0.971

2758 measured re¯ections
2324 independent re¯ections

2246 re¯ections with I > 2�(I )
Rint = 0.018
3 standard re¯ections

every 97 re¯ections
intensity decay: 2%

organic compounds

Acta Cryst. (2007). C63, o655±o658 Portalone and Colapietro � C4H8N5
+�Clÿ�C4H7N5�H2O and C4H9N5

2+�2Clÿ�2H2O o657

Figure 3
The molecular components in (II), showing the TripidH2

2+ cation lying
across a twofold axis, the two water molecules of crystallization and the
chloride counter-ions. The atom-labelling scheme and hydrogen bonding
(dashed lines) are shown; atoms marked with an asterisk (*) are at the
symmetry position (ÿx + 3

2, y, ÿz + 1). Displacement ellipsoids are drawn
at the 50% probability level.

Figure 4
A perspective view of the crystal packing for (II) approximately along the
b-axis direction. Displacement ellipsoids are drawn at the 50%
probability level. Hydrogen bonding is indicated by dashed lines.
Selected atoms are labelled. [Symmetry code: (iii) ÿx + 3

2, ÿy ÿ1
2, ÿz + 1

2.]

Table 1
Hydrogen-bond geometry (AÊ , �) for (I).

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

N6ÐH61� � �Cl1i 0.80 (2) 2.54 (2) 3.3044 (16) 160.4 (19)
N6ÐH62� � �Cl1ii 0.85 (2) 2.63 (2) 3.4265 (16) 157 (2)
N7ÐH71� � �N5iii 0.84 (2) 2.25 (2) 3.082 (2) 174.8 (17)
N7ÐH72� � �N15 0.82 (2) 2.47 (2) 3.287 (2) 172.5 (18)
N11ÐH11� � �O1 0.83 (2) 1.85 (2) 2.6753 (19) 170.8 (19)
N16ÐH161� � �Cl1 0.78 (2) 2.60 (2) 3.2315 (16) 139.6 (19)
N16ÐH162� � �N13ii 0.83 (2) 2.15 (2) 2.983 (2) 176.3 (18)
N17ÐH171� � �N3 0.83 (2) 2.12 (2) 2.9368 (19) 169 (2)
N17ÐH172� � �Cl1ii 0.78 (2) 2.49 (2) 3.2328 (16) 160 (2)
O1ÐH1� � �N1iv 0.73 (3) 2.25 (3) 2.9182 (19) 153 (3)
O1ÐH2� � �Cl1v 0.91 (3) 2.40 (3) 3.2881 (19) 165 (2)

Symmetry codes: (i) x; y� 1; z� 1; (ii)ÿx;ÿy� 1;ÿz� 1; (iii)ÿx� 1,ÿy� 3,ÿz� 1;
(iv) x; yÿ 1; zÿ 1; (v) ÿx;ÿy� 1;ÿz.



Re®nement

R[F 2 > 2�(F 2)] = 0.032
wR(F 2) = 0.092
S = 1.09
2324 re¯ections
227 parameters

H atoms treated by a mixture of
independent and constrained
re®nement

��max = 0.23 e AÊ ÿ3

��min = ÿ0.24 e AÊ ÿ3

Compound (II)

Crystal data

C4H9N5
2+�2Clÿ�2H2O

Mr = 234.09
Monoclinic, I2=a
a = 9.4045 (10) AÊ

b = 8.6089 (9) AÊ

c = 13.7420 (12) AÊ

� = 107.742 (10)�

V = 1059.67 (18) AÊ 3

Z = 4
Mo K� radiation
� = 0.59 mmÿ1

T = 298 (2) K
0.20 � 0.15 � 0.10 mm

Data collection

Huber CS four-circle diffractometer
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.891, Tmax = 0.943

1788 measured re¯ections
1106 independent re¯ections

1066 re¯ections with I > 2�(I )
Rint = 0.020
3 standard re¯ections

every 97 re¯ections
intensity decay: 1%

Re®nement

R[F 2 > 2�(F 2)] = 0.023
wR(F 2) = 0.070
S = 1.10
1106 re¯ections

87 parameters
All H-atom parameters re®ned
��max = 0.19 e AÊ ÿ3

��min = ÿ0.14 e AÊ ÿ3

All H atoms of both compounds were found in difference maps. In

(I), the positional and isotropic displacement parameters of the H

atoms of the amino groups and of the triazine ring, as well as the

positional parameters of the H atoms of the water molecule, for

which Uiso(H) values were set equal to 1.5Ueq(O1), were re®ned.

Methyl H atoms were positioned with idealized geometry and re®ned

isotropically using a riding model [CÐH = 0.88±0.91 AÊ and Uiso(H) =

1.5Ueq(C)]. In (II), positional and isotropic displacement parameters

were re®ned for all H atoms.

For both compounds, data collection: XCS (Colapietro et al., 1992);

cell re®nement: XCS; data reduction: XCS; program(s) used to solve

structure: SIR97 (Altomare et al., 1999); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEP-3 (Farrugia, 1997); software used to prepare material for

publication: SHELXL97.

We thank MIUR (Rome) for 2006 ®nancial support of our

project `X-ray diffractometry and spectrometry'.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GZ3095). Services for accessing these data are
described at the back of the journal.

References

Altomare, A., Burla, M. C., Camalli, M., Cascarano, G. L., Giacovazzo, C.,
Guagliardi, A., Moliterni, A. G. G., Polidori, G. & Spagna, R. (1999). J.
Appl. Cryst. 32, 115±119.

Bernstein, J., Davis, R. E., Shimoni, L. & Chang, N.-L. (1995). Angew. Chem.
Int. Ed. Engl. 34, 1555±1573.

Brunetti, B., Piacente, V. & Portalone, G. (2000). J. Chem. Eng. Data, 45, 242±
246.

Brunetti, B., Piacente, V. & Portalone, G. (2002). J. Chem. Eng. Data, 47, 17±
19.

Colapietro, M., Cappuccio, G., Marciante, C., Pifferi, A., Spagna, R. &
Helliwell, J. R. (1992). J. Appl. Cryst. 25, 192±194.

Desiraju, G. R. & Steiner, T. (1999). The Weak Hydrogen Bond in Structural
Chemistry and Biology, pp. 19±21. Oxford University Press.

Etter, M. C., MacDonald, J. C. & Bernstein, J. (1990). Acta Cryst. B46, 256±262.
Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Gilbert, S. D., Mediatore, S. J. & Batey, R. T. (2006). J. Am. Chem. Soc. 128,

14214±14215.
Jeffrey, G. A. & Saenger, W. (1991). Hydrogen Bonding in Biological

Structures, pp. 247±268. Berlin/Heidelberg: Springer-Verlag.
Motherwell, W. D. S., Shields, G. P. & Allen, F. H. (1999). Acta Cryst. B55,

1044±1056.
North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. A24, 351±

359.
PerpeÂ tuo, G. J. & Janczak, J. (2007). Acta Cryst. C63, o271±o273.
Portalone, G. (2007). Acta Cryst. E63, o3232.
Portalone, G., Ballirano, P. & Maras, A. (2002). J. Mol. Struct. 608, 35±39.
Portalone, G., Bencivenni, L., Colapietro, M., Pieretti, A. & Ramondo, F.

(1999). Acta Chem. Scand. 53, 57±68.
Portalone, G. & Colapietro, M. (2004a). Acta Cryst. E60, o1165±o1166.
Portalone, G. & Colapietro, M. (2004b). J. Chem. Crystallogr. 34, 609±612.
Portalone, G. & Colapietro, M. (2006). Acta Cryst. E62, o1049±o1051.
Portalone, G. & Colapietro, M. (2007a). Acta Cryst. C63, o181±o184.
Portalone, G. & Colapietro, M. (2007b). Acta Cryst. C63, o423±o425.
Portalone, G. & Colapietro, M. (2007c). Acta Cryst. E63, o1869±o1871.
Portalone, G. & Colapietro, M. (2007d ). J. Chem. Crystallogr. 37, 141±145.
Schwalbe, C. H. & Williams, G. J. B. (1982). Acta Cryst. B38, 1840±1843.
Sheldrick, G. M. (1997). SHELXL97. University of GoÈ ttingen, Germany.
Steenken, S. (1989). Chem. Rev. 89, 503±520.
Steenken, S. (1997). Biol. Chem. 378, 1293±1297.
Steiner, T. (2002). Angew. Chem. Int. Ed. 41, 48±76.
Wijaya, K., Moers, O., Henschel, D., Blaschette, A. & Jones, P. G. (2004). Z.

Naturforsch. Teil B, 59, 749±756.

organic compounds

o658 Portalone and Colapietro � C4H8N5
+�Clÿ�C4H7N5�H2O and C4H9N5

2+�2Clÿ�2H2O Acta Cryst. (2007). C63, o655±o658

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

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

N3ÐH3� � �Cl1 0.850 (18) 2.230 (18) 3.0686 (11) 169.0 (16)
N6ÐH61� � �O1 0.867 (16) 1.979 (16) 2.8301 (14) 166.8 (16)
N7ÐH71� � �Cl1 0.81 (2) 2.70 (2) 3.4074 (14) 147.0 (17)
N7ÐH71� � �Cl1i 0.81 (2) 2.967 (19) 3.2983 (12) 107.2 (15)
N7ÐH72� � �O1ii 0.80 (2) 2.16 (2) 2.9521 (18) 170.4 (18)
O1ÐH1� � �Cl1iii 0.91 (2) 2.21 (2) 3.1143 (13) 175 (2)
O1ÐH2� � �Cl1 0.83 (3) 2.53 (3) 3.2599 (12) 146 (2)

Symmetry codes: (i) ÿx� 2; y� 1
2;ÿz� 1

2; (ii) x; y� 1; z; (iii) ÿx� 3
2;ÿy ÿ 1

2;ÿz� 1
2.

Table 3
Selected geometric parameters (AÊ ) for Guana, (I) and (II).

Guana n = nilb n = 1b n = nilc �d �e

Nn1ÐCn2 1.360 (1) 1.356 (2) 1.363 (2) ± 0.007 (2) ±
Nn5ÐCn4 1.360 (1) 1.354 (2) 1.375 (2) ± 0.021 (2) ±
Nn1ÐCn6 1.328 (1) 1.337 (2) 1.355 (2) ± 0.018 (2) ±
Nn5ÐCn6 1.325 (1) 1.327 (2) 1.301 (2) ± ÿ0.026 (2) ±
Nn3ÐCn2 1.340 (1) 1.344 (2) 1.330 (2) 1.337 (1) ÿ0.014 (2) ÿ0.007 (2)
Nn3ÐCn4 1.338 (1) 1.338 (2) 1.346 (2) 1.376 (2) 0.008 (2) 0.038 (2)
Nn6ÐCn2 1.333 (1) 1.333 (2) 1.313 (2) 1.310 (2) ÿ0.020 (2) ÿ0.023 (2)
Nn7ÐCn4 1.331 (1) 1.336 (2) 1.309 (2) 1.318 (2) ÿ0.027 (2) ÿ0.018 (2)

Notes: (a) Portalone (2007); (b) this work, compound (I); (c) this work, compound (II);
(d ) � is de®ned as the difference (AÊ ) between corresponding NnÐCn bond distances
(n = 1 for AceguH+ and n = nil for Acegu) in (I); (e) � is de®ned as the difference (AÊ )
between corresponding NnÐCn bond distances (n = 1 for TripidH+ and n = nil for
Acegu) in (II) and (I).


