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The title compound, CH3N5O4, is almost planar, and the

conformation is ®xed by two intramolecular NÐH� � �O
hydrogen bonds. Owing to the delocalization of �-electron

density over the whole molecule, there is through-conjugation,

with the CÐN, NÐN and NÐO bond lengths having values

intermediate between those typical for the corresponding

single and double bonds.

Comment

The search for new explosives with more effective physico-

chemical properties than those of currently known compounds

is one of the more urgent tasks of modern chemical science in

most industrially developed countries (Agrawal, 1998; Pagoria

et al., 2002). Recently, the synthesis of 1,2-dinitroguanidine,

(I), was reported (Astratiev et al., 2003). The compound is of

practical interest as an explosive as it has a positive oxygen

balance, and it is able to produce salts which will also be

explosives. From a chemical standpoint, the compound is

interesting because it contains primary nitramine and nitro-

guanyl groups in the molecule simultaneously. In the present

communication, the crystal structure and molecular confor-

mation of (I) are considered.

A general view of the geometry of (I) is shown in Fig. 1. The

molecular guanidine frame is practically planar; deviations

from the least-squares plane through atoms C, N2, N3 and N4

are 0.003 (1) (r.m.s.) and 0.005 (1) AÊ (maximum for the C

atom). However, the nitro-group planes are rotated by small

angles in opposite directions with respect to the plane of the

guanidine fragment [7.9 (3)� for the nitro group of the nitri-

mine moiety andÿ7.3 (4)� for the nitro group of the nitramine

fragment]. This leads to deviations from the common least-

squares plane through all the non-H atoms [r.m.s. deviation =

0.073 (1) AÊ ; maximum deviation = 0.127 (1) AÊ for atoms O1

and O3].

As in other nitrimines (Allen, 2002), the CÐN, NÐN and

NÐO bond lengths in (I) have values intermediate between

those typical for the corresponding single and double bonds

(Table 1). The formal CÐN3 single bond [1.303 (2) AÊ ], not the

formal C N2 double bond [1.341 (2) AÊ ], has the shortest CÐ

N bond distance in the molecule. This peculiarity of the

structure, which is associated with the possibility of conjuga-

tion and redistribution of the electron density and which

contradicts the representation shown in the Scheme above, has

been observed in other nitrimines (Nordenson, 1981a,b;

Bracuti, 1999; Astachov et al., 2002, 2003; Vasiliev et al., 2003,

2004). The planar con®guration of atom N4 (sum of valence

angles = 359.5�), the almost planar geometry of the whole

molecule and the average bond-length values testify to

through-conjugation in the molecule of (I), i.e. the propaga-

tion of nitrimine-speci®c delocalization of �-electron density

on to the second nitro group [see Scheme below, showing (a)

the delocalization of �-electron density in the nitroguanyl

fragment of nitroguanidine and its alkyl derivatives, and (b)

the 1,2-dinitroguanyl fragment of 1,2-dinitroguanidine or

1-methyl-1,2-dinitroguanidine]. In this regard, the structure of

(I) does not differ from the structures of recently reported

substituted 1,2-dinitroguanidines (Astachov et al., 2002; Vasi-

liev et al., 2004).

The nitro group, as a strong electron-acceptor substituent,

reduces the electron density on atom N4. The possibility of the

participation of this atom in the nitrimine conjugation is

reduced and, as a consequence, the CÐN4 bond length

[1.380 (2) AÊ ] increases in comparison with the analogous bond

length in a nitroguanidine [1.322 (2) AÊ ; Bracuti, 1999]. The

same situation is found in other nitrimines with electron-

acceptor substituents, viz. 1-methyl-1-nitroso-2-nitroguani-

dine (Nordenson & Hvoslef, 1981; Rice et al., 1984), nitro-

guanylazide (Vasiliev et al., 2001), and 1-methyl-1,2-

dinitroguanidine and 1-nitro-2-nitriminoimidazolidine (Asta-

chov et al., 2003; Vasiliev et al., 2004), where the lengths of the

analogous CÐN bond are in the range 1.379±1.408 AÊ .

Nevertheless, the CÐN4 bond in (I) is distinctly shorter in

comparison with the analogous CÐNHNO2 bond in primary

alkylnitramines, viz. 1.463 (4) AÊ in 1,2-ethylenedinitramine

(Turley, 1968), 1.461 (3) AÊ in 1,3,5-trinitrazapentane (Zhang et

al., 1984) or 1.433±1.443 AÊ in 1,3-bis(2-nitraminoethyl)urea

(Vasiliev et al., 2002). This fact appreciably affects the reaction

ability of (I) and, primarily, its thermal stability. It is known
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that thermal decomposition of primary nitramines in the

condensed state proceeds along the path of the ionic auto-

prolitic mechanism, with initial breakage of the CÐN bond

(Pavlov et al., 1989; Stepanov et al., 1998, 1999; Astachov,

1999). The stronger an acid is the primary nitramine, the less is

its thermal stability (Astachov et al., 2000). Compound (I) is a

strong acid, with a pKa value of 1.1 (Astratiev et al., 2003). In

spite of this, because of the presence of conjugation between

the primary nitramine and nitroguanyl groups, the CÐ

NHNO2 bond in (I) is stronger than in primary alkyl-

nitramines and, consequently, the thermal stability is also

higher. However, on the whole, the thermal stability of (I) is

not high. The compound ¯ash-decomposes in the solid phase

without melting, at 428±438 K, depending on the heating rate.

Thus, compound (I) is inferior to secondary nitramines in

terms of thermal stability. This is an important characteristic in

practice, for example, in the established explosive RDX.

Even in the presence of conjugation between the primary

nitramine and the nitroguanyl groups, which strengthens the

CÐN4 bond, this bond is the weakest CÐN bond observed

(Table 1). In accordance with this fact, compound (I) and

other nitrimines with electron-acceptor substituents (1-

methyl-1-nitroso-2-nitroguanidine, 1-methyl-1,2-dinitroguan-

idine, nitroguanylazide and 1-nitro-2-nitriminoimidazolidine)

readily take part in nucleophilic replacement reactions, which

are accompanied by the breaking of the CÐN4 bond

(Astratiev et al., 2003; Astachov et al., 2003; Vasiliev et al.,

2004). Nitrimines which do not contain electron-acceptor

substituents have an analogous CÐN bond length not greater

than 1.330 AÊ (Allen, 2002) and, consequently, an essentially

diminished reaction ability in nucleophilic replacement reac-

tions (McKay, 1951).

The molecule of (I) has two intramolecular hydrogen bonds,

N3ÐH1� � �O1 and N3ÐH2� � �O3 (Fig. 1), which result in a ¯at

molecular conformation. The geometrical parameters of these

bonds (Table 2) are close to those in other nitrimines (Allen,

2002). The crystal structure contains an intermolecular N4Ð

H3� � �O2 hydrogen bond between the H atom of the primary

nitramine group and an O atom of the nitro group of the

nitrimine part of a neighbouring molecule. In addition, there is

a possible weak N3ÐH2� � �O40 hydrogen bond between the H

atom which participates in the intramolecular hydrogen bond

and an O atom of the nitramine group of another molecule.

This bond length (Table 2) has an extreme value and even

exceeds some geometrical criteria of hydrogen-bond limits

(Ze®rov & Zorky, 1989). Nevertheless, taking into account

that the question of the de®nition of hydrogen-bond limits is

debatable (Steiner, 2000), we consider that the presence of the

bond is possible. This is supported by the observation that the

N3ÐH2 bond is longer than the other NÐH bonds in the

molecule, which may be supposed to be due to the participa-

tion of atom H2 in two hydrogen bonds simultaneously. As a

result, the O3� � �O40 interatomic contact is short [2.749 (2) AÊ ].

Thus, all O and N atoms available in the molecule take part in

the formation of hydrogen bonds which connect individual

molecules into an in®nite structure in the crystal. On the other

hand, we cannot con®dently af®rm that there is an inter-

molecular N3ÐH1� � �O10 hydrogen bond, because of poor

geometry parameters (Table 2). At the same time, there are no

NÐH� � �N2 hydrogen bonds in the crystal structure of (I),

although these are present in nitroguanidine (Bryden et al.,

1956; Choi, 1981; Bracuti, 1999) and some of its derivatives

(Nordenson & Hvoslef, 1981; Nordenson, 1981a,b; Rice et al.,

1984; Astachov et al., 2003; Vasiliev et al., 2003). In general, the

net of hydrogen bonds in the crystal stucture of (I) is less

developed than in nitroguanidine compounds. As a conse-

quence, compound (I) has a less compact molecular packing in

the crystal. The calculated value of the molecular packing

coef®cient (Kpack) for (I) is 0.693 (Kuzmina et al., 1990;

Kuzmin & Katser, 1992). In comparison, Kpack = 0.727 for

nitroguanidine, Kpack = 0.681 for 1-methyl-2-nitroguanidine,

and Kpack = 0.655 for 1-methyl-1,2-dinitroguanidine, which has

no intermolecular hydrogen bonds (Vasiliev et al., 2004).

The density of (I), 1.884 Mg mÿ3, is high enough, but is less

than the density of most known powerful explosives, which

have densities in the range 1.9±2.07 Mg mÿ3 (Agrawal, 1998;

Pagoria et al., 2002). This does not allow (I) to compete with

the latter on energetic parameters.

Experimental

Compound (I) was synthesized as described previously by Astratiev

et al. (2003). Single crystals were obtained by crystallization of (I)

from ethyl acetate.

Crystal data

CH3N5O4

Mr = 149.08
Orthorhombic, P212121

a = 9.6465 (6) AÊ

b = 10.7694 (7) AÊ

c = 5.0583 (3) AÊ

V = 525.49 (6) AÊ 3

Z = 4
Dx = 1.884 Mg mÿ3

Cu K� radiation
Cell parameters from 24

re¯ections
� = 22±25�

� = 1.65 mmÿ1

T = 293 (2) K
Block, colourless
0.38 � 0.36 � 0.34 mm

Data collection

Kuma KM-4 diffractometer
�/2� scans
702 measured re¯ections
702 independent re¯ections
672 re¯ections with I > 2�(I)
�max = 79.9�

h = 0! 12

k = 0! 13
l = 0! 6
2 standard re¯ections

every 50 re¯ections
intensity decay: none
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Figure 1
The molecule of (I), showing the atom-numbering scheme and with
displacement ellipsoids at the 50% probability level. H atoms are drawn
as small spheres of arbitrary radii and dashed lines indicate intramole-
cular hydrogen bonds.
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Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.024
wR(F 2) = 0.066
S = 1.00
702 re¯ections
103 parameters
All H-atom parameters re®ned
w = 1/[�2(Fo

2) + (0.0454P)2

+ 0.0728P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 0.18 e AÊ ÿ3

��min = ÿ0.17 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.026 (2)

Because the K�1 and K�2 maxima are resolved for the cell-

measurement re¯ections, we used the K�1 maximum for exact

determination of the unit-cell parameters. H atoms were found in a

difference Fourier map and re®ned in an isotropic approximation. We

did not attempt to de®ne the absolute structure because of the

absence of strong anomalous scatterers in the compound.

Data collection: KM-4 Software (Kuma, 1991); cell re®nement:

KM-4 Software; data reduction: DATARED in KM-4 Software;

program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: SHELXTL (Sheldrick, 1995); software used to

prepare material for publication: SHELXL97.
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SK1658). A packing diagram is also available.
Services for accessing these data are described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �).

N1ÐO1 1.2312 (18)
N1ÐO2 1.2391 (19)
N1ÐN2 1.351 (2)
N2ÐC 1.341 (2)
CÐN3 1.303 (2)

CÐN4 1.380 (2)
N3ÐH1 0.88 (3)
N4ÐN5 1.372 (2)
N5ÐO4 1.2098 (19)
N5ÐO3 1.2142 (18)

O1ÐN1ÐO2 121.64 (14)
O1ÐN1ÐN2 124.11 (15)
O2ÐN1ÐN2 114.24 (13)
CÐN2ÐN1 118.10 (12)
N3ÐCÐN2 130.57 (14)
N3ÐCÐN4 121.90 (15)

N2ÐCÐN4 107.52 (13)
N5ÐN4ÐC 126.55 (13)
O4ÐN5ÐO3 126.27 (15)
O4ÐN5ÐN4 114.14 (14)
O3ÐN5ÐN4 119.59 (14)

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

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

N3ÐH1� � �O1 0.88 (3) 1.97 (2) 2.601 (2) 128 (1)
N3ÐH1� � �O1i 0.88 (3) 2.38 (2) 2.917 (2) 120 (1)
N3ÐH2� � �O3 0.94 (2) 1.98 (2) 2.648 (2) 126 (1)
N3ÐH2� � �O4ii 0.94 (2) 2.35 (2) 3.228 (2) 154 (1)
N4ÐH3� � �O2iii 0.89 (2) 2.03 (2) 2.915 (2) 171 (1)

Symmetry codes: (i) 3
2ÿ x; 1ÿ y; zÿ 1

2; (ii) 1
2� x; 3

2ÿ y;ÿz; (iii) 1
2ÿ x; 1ÿ y; zÿ 1

2.


