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The title compound, C;sH;;N,"-HN,Oq", crystallizes in the
monoclinic space group C2/c with four molecules in the unit
cell. The planar 9-cyano-10-methylacridinium cations lie on
crystallographic twofold axes and are arranged in layers,
almost perpendicular to the ac plane, in such a way that
neighbouring molecules are positioned in a ‘head-to-tail’
manner. These cations and the hydrogen dinitrate anions are
linked through C—H- - -O interactions involving four of the six
O atoms of the anion and the H atoms attached to the C atoms
of the acridine moiety in ring positions 2 and 4. The H atom of
the hydrogen dinitrate anion appears to be located on the
centre of inversion relating two of the four O atoms engaged
in the above-mentioned C—H- - -O interactions. In this way,
columns of either anions or cations running along the ¢ axis
are held in place by the network of C—H---O interactions,
forming a relatively compact crystal lattice.

Comment

9-Cyano-10-methylacridinium salts (McCapra & Richardson,
1964), such as 9-carboxy-10-methylacridinium phenyl ester
salts (Rak et al, 1999) or other 9-substituted-10-alkyl-
acridinium salts (Dodeigne et al., 2000), can act as chemilu-
minescent or spectral indicators or as the chemiluminogenic
fragments of chemiluminescent labels (Zomer et al., 1991).
The possible applications of these compounds are principally
dependent on the stability of their crystalline phases. The
reasons for undertaking our present investigations were,
therefore, first, to investigate which 9-cyano-10-methyl-
acridinium salts can be obtained in the crystalline state,
secondly, to determine their structures and thirdly, to
demonstrate to what extent structural features can influence
their stability. We succeeded in crystallizing the title hydrogen
dinitrate salt, (I), which is readily soluble in water and several
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organic solvents, and can thus be used in analytical and
spectroscopic investigations.
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The stoichiometric unit of (I) is shown in Fig. 1. The cation
of (I) is planar in the crystalline phase. Atoms C9 and N10, as
well as the respective cyano group and methyl C atom
attached to them, are arranged linearly along a crystal-
lographic twofold axis (Table 1). The H atoms of the methyl
group occupy two orientations, each with occupancy 0.5. This
is typical of compounds in which the H atoms of the methyl
group do not interact with the O atoms of the anions, unlike
the 10-methylacridinium halides, where C—H interactions
with anions fix the methyl group in one position (Storoniak et
al., 2000). The central N1—O1- - -H1B- - -O1" N1 moiety of
the hydrogen dinitrate anion appears to be planar, as in other
inorganic (Duke & Llewellyn, 1950; Faithful & Wallwork,
1967; Roziere et al., 1976) and organic (Al-Zamil et al., 1982;
Roziere et al, 1979) compounds containing this anion
[symmetry code: (iii) —x, —y, —z]. The other two O atoms of
each nitrate anion are twisted out of this plane by 14.7 (2)°.

Figure 1

The molecular structure of (I) showing the atom-labelling scheme and
50% probability displacement ellipsoids [symmetry codes: (i) —x, y, % -z
(111) -X, =Y, _Z]'
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Figure 2
The packing diagram for (I) in the unit cell, viewed along the b axis.
Hydrogen bonds are represented by dashed lines.

Compound (I) is a typical ionic substance in which elec-
trostatic interactions between the ions are the main factor
binding cations and anions in the lattice. As a result of these
interactions, the lattice is relatively compact, and anions and
cations are in contact with each other via O- - -H interactions
(Table 2). The arrangement of the ions and the network of C—
H- - -O interactions are shown in Fig. 2. It should be noted that
the cations are arranged in layers, with the neighbouring
molecules ‘head-to-tail’. These layers are linked through C—
H- - -O interactions involving four O atoms of the hydrogen
dinitrate anion and the H atoms attached to the C atoms of the
acridine moiety in ring positions 2 or 4. One H atom seems to
be located on a centre of inversion and participates in a very
short hydrogen bond. The distance between the two O atoms
of the two nitrate moieties involved in this interaction is
2.440 (4) A and the H atom is located exactly at the midpoint
of these two O atoms.

The effect of the strong hydrogen bond in the hydrogen
dinitrate anion causes the bonds between the N and O atoms
involved to be longer than the four remaining N—O bonds,
and the O—N—O valence angles to be inequivalent (Table 1).
Another interesting feature is that the anions and cations form
columns held in place by the network of C—H- - -O interac-
tions. These multidirectional interactions undoubtedly stabi-
lize the lattice and increase the attractiveness of the
compound as an analytical indicator or a chemiluminogenic
fragment of a label.

Experimental

9-Cyano-10-methylacridinium hydrogen dinitrate was prepared by
the oxidation of 9-cyano-10-methylacridan (Kaufmann & Albertini,
1909, 1911) with dilute nitric acid (McCapra & Richardson, 1964).
Yellow crystals of (I) suitable for X-ray investigation were grown
from a solution in water.

Table 1 .

Selected geometric parameters (A, °).

C9—C15 1.444 (3) N1—-02 1212 (2)
N10—C16 1.480 (3) N1-03 1211 (2)
C15—-N2 1135 (3) O1—HI1B 1.220 (2)
N1-01 1295 (2)

Cl11-C9—C15 119.08 (10) O1—-N1-03 119.07 (17)
C12—N10—C16 118.87 (10) 02-N1-03 124.27 (19)
01-N1-02 116.65 (17) N1—O1—HIB 110.55 (13)
Cl11'—C9—Cl11—CI2 —0.13 (11) CI2—N10—CI2—Cl1  —0.13(11)
Symmetry code: (i) —x,y,1—z.

Table 2 .

Hydrogen-bonding and short-contact geometry (A, °).

D—H---A D—H H--A DA D—H---A
C2'—H2A"--02 0.96 2.48 3313 (3) 145
C4—H44..-01" 0.96 2.49 3337 (3) 147
O1—H1B:--01' 122 122 2.440 (4) 180 (3)

Symmetry codes: (i) 1 —x,3 —y,1 — z; (i) x, —y, 3 + z; (i) —x, —y, —z.
Crystal data

C] SH] ]N2+'HN2067
M, = 34429

D, =1507Mgm™
Mo Ko radiation

Monoclinic, C2/c
a=12799 (4) A
b =10.015 (3) A
c=13.168 (4) A
B =115.96 (4)°

V =1517.6 (8) A®
Z=4

Data collection

Kuma KM-4 diffractometer
6/20 scans

2003 measured reflections
2003 independent reflections
1104 reflections with 7 > 20([)
Omax = 29°

Refinement

Refinement on F?
R[F? > 20(F%)] = 0.047
wR(F?) = 0.169

S =1.07

2003 reflections

125 parameters

H-atoms treated by a mixture of

independent and constrained
refinement

Cell parameters from 50
reflections
6 = 6.0-24.0°
n=0.12mm"
T=293(2)K
Prism, yellow
0.50 x 0.20 x 0.15 mm

1

h=-17—15
k=0— 13
I=—-17—-> 15

3 standard reflections
every 200 reflections
intensity decay: 3.6%

w = 1/[o*(F,?) + (0.096P)*
+0.220P]
where P = (F,> + 2F2)/3
(A/G)max = 00010
APmax = 025¢ A3
Apmin = —026 e A3

The H atom of the hydrogen dinitrate (H1B) was refined freely.
The methyl H atoms attached to atom C16 were located from
difference Fourier syntheses and refined as a rigid rotating group with
C—H=0.96 A and Uiso(H) = 1.5U.4(C). As C16 is located on a diad,
the H atoms were refined in three unique positions with an occupancy
factor of 0.5. Other H atoms attached to C atoms were placed
geometrically and refined using a riding model, with Uj(H) =
1.2U.4(C) and C—H = 0.96 A.

Data collection: KM-4 Software (Kuma Diffraction, 1989); cell
refinement: KM-4 Software; data reduction: KM-4 Software;
program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
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molecular graphics: ORTEPII (Johnson, 1976); 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: BM1487). Services for accessing these data are
described at the back of the journal.

References

Al-Zamil, N. S., Evans, E. H. M., Gillard, R. D., James, D. W., Jenkins, T. E.,
Lancashire, R. J. & Williams, P. A. (1982). Polyhedron, 1, 525-534.

Dodeigne, C., Thunus, L. & Lejeune, R. (2000). Talanta, 51, 415-439.

Duke, J. R. C. & Llewellyn, F. J. (1950). Acta Cryst. 3, 305-311.

Faithful, B. D. & Wallwork, S. C. (1967). J. Chem. Soc. Chem. Commun. pp.
1211.

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge National
Laboratory, Tennessee, USA.

Kaufmann, A. & Albertini, A. (1909). Ber. Dtsch. Chem. Ges. 42, 2002-2005.

Kaufmann, A. & Albertini, A. (1911). Ber. Dtsch. Chem. Ges. 44, 2052-2058.

Kuma Diffraction (1989). KM-4 Software User’s Guide. Version 3.1. Kuma
Diffraction, Wroctaw, Poland.

McCapra, F. & Richardson, P. (1964). Tetrahedron Lett. pp. 3167-3172.

Rak, J., Skurski, P. & Blazejowski, J. (1999). J. Org. Chem. 64, 3002-3008.

Roziere, J., Lehmann, M. S. & Potier, J. (1979). Acta Cryst. B35,
1099-1102.

Roziere, J., Roziere-Bories, M.-T. & Williams, J. M. (1976). Inorg. Chem. 15,
2490-2494.

Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of
Gottingen, Germany.

Storoniak, P, Krzyminski, K., Dokurno, P, Konitz, A. & Btazejowski, J. (2000).
Aust. J. Chem. 53, 627-633.

Zomer, G., Stavenuiter, J. F. C., Van Den Berg, R. H. & Jansen, E. H. J. M.
(1991). Pract. Spectrosc. 12, 505-521.

Acta Cryst. (2002). C58, 0295-0297

Olexyj M. Huta et al. + C;sH;N,"HN,0,~ 0297



