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The title compound, C4H4N6O4�C2H6OS, crystallizes in the

triclinic space group P1. It is a dimethyl sulfoxide (DMSO)

solvate of the insensitive energetic compound 2,6-diamino-3,5-

dinitro-1,4-pyrazine (ANPZ). The structure has been deter-

mined to obtain more accurate metrical parameters for the

2,6-diamino-3,5-dinitro-1,4-pyrazine moiety than those

obtained from unsolvated crystals which are invariably

twinned. The packing motif consists of two formula units

linked by strong complementary hydrogen bonds between the

ANPZ units with the two DMSO solvate molecules each

linked by two bifurcated hydogen bonds to the two ANPZ

units. This central motif is further linked into planar sheets by

weaker interactions between the DMSO methyl H atoms and

the O atoms from the nitro groups. This looser packing

arrangement compared to ANPZ is re¯ected in a lower

density (1.662 Mg mÿ3 versus 1.812 Mg mÿ3 for ANPZ).

Comment

The title compound, 2,6-diamino-3,5-dinitro-1,4-pyrazine di-

methyl sulfoxide solvate, (I), is a dimethyl sulfoxide (DMSO)

solvate of the insensitive energetic molecule 2,6-diamino-3,5-

dinitro-1,4-pyrazine (ANPZ). ANPZ is a member of an

important family of insensitive energetic compounds (TATB:

Cady & Larson, 1965; Kolb & Rizzo, 1979; ANPZ: Gilardi &

Butcher, 2001; ANPZO: Gilardi & Butcher, 2001), in which

the molecules exhibit both multiple intramolecular and

intermolecular hydrogen bonding interactions (TATB is 1,3,5-

triamino-2,4,6-trinitrobenzene and ANPZO is 2,6-diamino-

3,5-dinitropyrazine 1-oxide).

The intermolecular hydrogen-bonding interactions result in

a planar sheet-like packing arrangement where the spacing

between the layers resembles that of graphite. The signi®cant

feature of this family of energetic molecules is their insensi-

tivity. Sensitivity is often tested via the drop height method, i.e.

the height of the drop of a steel ball required to detonate the

compound, with large values re¯ecting insensitivity. In such

testing, in common with TATB, the benchmark compound as

regards insensitivity, ANPZ has values which are so large they

cannot be accurately measured, while ANPZO has a value of
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117 cm (Pagoria et al., 1998). Thus ANPZ is much safer than

other commonly used energetic compounds such as trinitro-

toluene (80 cm) and HMX (32 cm). The primary motivating

factor in determining the structure of the ANPZ solvate was to

obtain more accurate metrical parameters for ANPZ as its

crystals are invariably twinned (Gilardi & Butcher, 2001). The

packing motif for the DMSO solvate consists of two ANPZ

molecules linked by strong complementary hydrogen bonds

and DMSO solvate molecules, each linked by two bifurcated

hydrogen bonds to the ANPZ dimer. This central motif is

further linked into planar sheets by weaker interactions

between the DMSO methyl H atoms and the O atoms from

the nitro groups. This packing arrangement is looser than that

of ANPZ, and results in a lower density (1.662 Mg mÿ3 versus

1.812 Mg mÿ3 for ANPZ). Fig. 1 shows the structure and

labeling scheme for the title compound, while Fig. 2 shows the

packing arrangement. Hydrogen-bonding metrical parameters

are given in Table 1.

Experimental

Crystals of the title compound were supplied by Dr Philip Pagoria,

Energetic Materials Laboratory, Lawrence Livermore National

Laboratory, Livermore, CA 94550, USA. Crystal and re¯ection data

were obtained using standard procedures (Butcher et al., 1995).

Crystal data

C4H4N6O4�C2H6OS
Mr = 278.26
Triclinic, P1
a = 5.7817 (5) AÊ

b = 8.1353 (8) AÊ

c = 12.0270 (11) AÊ

� = 99.253 (2)�

� = 94.113 (2)�

 = 92.482 (2)�

V = 556.04 (9) AÊ 3

Z = 2
Dx = 1.662 Mg mÿ3

Mo K� radiation
Cell parameters from 3759

re¯ections
� = 2.5±28.3�

� = 0.32 mmÿ1

T = 93 (2) K
Prism, yellow
0.65 � 0.22 � 0.07 mm

Data collection

CCD area-detector diffractometer
' and ! scans
Absorption correction: by integra-

tion (Wuensch & Prewitt, 1965)
Tmin = 0.919, Tmax = 0.969

4175 measured re¯ections
2638 independent re¯ections

2505 re¯ections with I > 2�(I)
Rint = 0.031
�max = 28.3�

h = ÿ6! 7
k = ÿ10! 10
l = ÿ15! 16
Intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.035
wR(F 2) = 0.091
S = 1.14
2638 re¯ections
204 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0434P)2

+ 0.3143P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.006
��max = 0.44 e AÊ ÿ3

��min = ÿ0.25 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.005 (2)

Table 1
Hydrogen-bonding geometry (AÊ , �).

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

N2ÐH2A� � �O3A 0.83 (2) 2.10 (2) 2.6703 (18) 125.6 (17)
N2ÐH2A� � �O1Si 0.83 (2) 2.10 (2) 2.7884 (17) 139.9 (18)
N2ÐH2B� � �N1i 0.80 (2) 2.25 (2) 3.0407 (18) 170 (2)
N6ÐH6A� � �O5A 0.86 (2) 2.06 (2) 2.6831 (18) 128.8 (18)
N6ÐH6B� � �O1S 0.82 (2) 2.05 (2) 2.8541 (17) 171 (2)

Symmetry codes: (i) 1ÿ x; 1ÿ y; 2ÿ z.

Data collection: SMART (Bruker, 1994); cell re®nement: SMART;

data reduction: SHELXTL (Bruker, 1994); program(s) used to solve

structure: SHELXS97 (Sheldrick, 1990); program(s) used to re®ne

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

SHELXTL; software used to prepare material for publication:

SHELXTL.
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Figure 1
View of 2,6-diamino-3,5-dinitro-1,4-pyrazine dimethyl sulfoxide solvate
showing the labeling of all non-H atoms. Displacement ellipsoids are at
the 20% probability level and H atoms are drawn as small circles of
arbitrary radii.

Figure 2
Packing diagram of 2,6-diamino-3,5-dinitro-1,4-pyrazine dimethyl sulf-
oxide solvate.



to acknowledge the ASEE/Navy Summer Faculty Research

Program for support during the summer of 2001.

References

Bruker (1994). XSCANS and XPREP. Bruker AXS Inc., Madison, Wisconsin,
USA.

Butcher, R. J., Bashir-Hashemi, A. & Gilardi, R. D. (1995). J. Chem.
Crystallogr. 25, 661±670.

Cady, H. H. & Larson, A. C. (1965). Acta Cryst. 18, 485±496.

Gilardi, R. D. & Butcher, R. J. (2001). Acta Cryst. E57, o657±o658.
Kolb, J. R. & Rizzo, H. F. (1979). Propel. Explos. 4, 10±16.
Pagoria, P. K., Mitchell, A. R., Schmidt, R. D., Simpson, R. L., Garcia, F.,

Forbes, J. W., Cutting, J., Lee, R. L., Swansiger, R. W. & Hoffman, D. M.
(1998). Proceedings of the 1998 Insensitive Munitions and Energetic
Materials Technology Symposium, San Diego, CA.

Sheldrick, G. M. (1990). Acta Cryst. A46, 467.
Sheldrick, G. M. (1997). SHELXTL. Version 5.10. Bruker AXS Inc., Madison,

Wisconsin, USA.
Wuensch, B. & Prewitt, C. (1965). Z. Kristallogr. 122, 24±59.

Acta Cryst. (2001). E57, o757±o759 Gilardi and Butcher � C4H4N6O4�C2H6OS o759

organic papers


	mk1

