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2-Amino-5-nitrothiazole crystallizes from solution in ethanol
as a monosolvate, C;H;N;0,S-C,H¢O, in which the thiazole
component has a strongly polarized molecular—electronic
structure. The thiazole molecules are linked into centrosym-
metric dimers by paired N—H..-N hydrogen bonds
[H---N=2.09 A, N---N =2960 (6) A and N—H- - -N = 169°],
and these dimers are linked by the ethanol molecules, via a
two-centred N—H---O hydrogen bond [H---O=1.98 A,
N.--0=2.838(5) A and N—H..-O= 164°] and a planar
asymmetric three-centred O—H- - -(O), hydrogen bond [H- - -
0 =2.07 and 2.53 A, O---O =2.900 (5) and 3.188 (5) A, O—
H---O =169 and 136°, and O- - -H- - -O = 55°], into sheets built
from alternating R%(8) and RI)(38) rings. These sheets are
triply interwoven.

Comment

Supramolecular aggregation in simple nitroanilines is domi-
nated by N—H- - -O hydrogen bonding. In 4-nitroaniline, (I),
each molecule is linked to four others by this means, and the
overall supramolecular structure (Tonogaki et al., 1993)
consists of sheets built from a single type of R(22) ring
(Bernstein ez al., 1995). We have recently begun an exploration
of the supramolecular structures of some analogues of
4-nitroaniline, including 2-amino-4-butylamino-6-methoxy-5-
nitropyrimidine, (II) (Glidewell et al., 2003b), 2-amino-4,6-
dimethoxy-5-nitropyrimidine, (III) (Glidewell et al., 2003a),
and 2-amino-6-nitro-1,3-benzothiazole, (IV) (Glidewell et al.,
2001), which form hydrogen-bonded supramolecular struc-
tures in one, two and three dimensions, respectively. Thus, in
(IT), the molecules are linked by paired N—H- - -O hydrogen
bonds to form a C(8)C(8)[R3(6)] chain of rings, while in (III), a

combination of one N—H- - -N hydrogen bond and one N—
H. - -O hydrogen bond generates a sheet built from alternating
R%(8) and R%(32) rings. A three-dimensional framework is
formed in (IV), built from a combination of one three-centred
N—H- - -(0), hydrogen bond and one two-centred N—H- - -N
hydrogen bond.

In a continuation of this study, we have now investigated the
molecular and supramolecular structures of 2-amino-5-nitro-
thiazole, (V), which crystallizes from ethanol solution as a
monosolvate, C3H;N30,S-C,H¢O, (VI) (Fig. 1), in which the
supramolecular structure takes the form of triply interwoven
sheets.
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The dimensions of the 2-amino-5-nitrothiazole component
of (VI) show some unusual values, which are not consistent
with the classically localized form (V) being the dominant
contributor to the overall molecular—electronic structure. In
particular, the two C—N bond lengths in the thiazole ring are
effectively identical (Table 1), while the C—C bond is very

Figure 1

The independent molecular components of (VI), showing the atom-
labelling scheme. Displacement ellipsoids are drawn at the 30%
probability level.
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long for a double bond of this type (mean value 1.326 A,
upper-quartile value 1.334 A; Allen et al., 1987). Moreover,
the C—NH, bond is marginally shorter than the lower-quartile
value (1.317 A) for bonds of this type in enamine systems and
significantly lower than the lower-quartile value (1.340 A) for
Caryi—NH, bonds; the C—NO, bond is very much shorter
than typical C,;,;—NO, bonds (mean value 1.468 A, lower-
quartile value 1.460 A), while the N—O bonds are both long
for their type; finally, the C—S bonds are both much shorter
than the lower-quartile value (1.809 A) for single bonds
between three-connected C and two-connected S atoms.
Further insight into the molecular—electronic structure can be
gained by using these bond lengths to estimate the corre-
sponding bond orders using the recent recalibration by
Kotelevskii & Prezhdo (2001) of the original equation relating
bond order to bond length (Gordy, 1947). For the sequence of
C—N and C—C bonds between amino atom N2 and nitro
atom N1, the bond orders so calculated are, respectively, 1.83,
1.62, 1.61, 1.87 and 1.43, while the two C—S bond orders are
1.38 and 1.29. These data, taken together, indicate that the
aromatic form (Va) and the polarized form (Vb) are both
significant contributors to the molecular—electronic structure.
The molecular dimensions in (IV) provide evidence for a
similar type of polarization in that compound (Glidewell et al.,
2001). Since the interbond angles at three-connected C atoms
and at two-connected N atoms are optimally ~120°, the
constraints of a planar five-membered ring combined with the
fact that the C—S bond distances are significantly longer than
the other ring bonds lead to an interbond angle at S that is
somewhat less than 90°, consistent with the use of only p
orbitals by the S atom in the formation of the o framework
(Table 1). Consistent with the extensive conjugation, (Vb), the
nitro group is effectively coplanar with the ring, as shown by
the torsion angles (Table 2). The dimensions of the ethanol
component are unexceptional.

Figure 2

Part of the crystal structure of (VI), showing the formation by the
2-amino-5-nitrothiazole component of a centrosymmetric R3(8) dimer.
Atoms marked with an asterisk (*) are at the symmetry position (1 — x,
1—y,1-2).

The supramolecular structure of (VI) is complex, but it can
readily be analysed by consideration, in turn, of each of the
hydrogen bonds (Table 2). Amino atom N2 in the molecule at
(x, y, z) acts as a hydrogen-bond donor, via atom H2A, to ring
atom N3 in the molecule at (1 — x,1 — y, 1 — z), so generating
by inversion a centrosymmetric dimer, centred at (3, 1,1) and
characterized by an R3(8) motif (Fig. 2). A similar motif also
occurs in both (IIT) and (IV).

The same amino N2 atom at (x, y, z) also acts as a hydrogen-
bond donor, this time via atom H2B, to ethanol atom O3, also
at (x, y, z) (Fig. 1), and it is the ethanol molecules that link the
R3(8) dimers into sheets. Ethanol atom O3 acts as a hydrogen-
bond donor to the two nitro O atoms (O1 and O2) in the
molecule at (x, = —y, =3+ z) in a planar, but very asym-
metric, three-centred interaction (Table 2). The longer
component of this system could, with some plausibility, be
regarded merely as an adventitious contact. The thiazole
molecule at (x, —5 —y, — + z) is a component of the R3(8)
dimer centred at (3, —1, 0), and propagation by the space
group of this three-centred interaction links the dimer at (]5, %,
1) directly to those centred at (1, —1,0), (3, —1,1), (1, 2,0) and
(4, 2, 1), thereby generating a deeply puckered (100) sheet
built from a combination of R3(4), R%(8) and R})(38) rings, the
latter two of which are both centrosymmetric (Fig. 3). The
aforementioned dimers are themselves directly linked to the
dimers centred at (%, %, —%), (%, %, %), (%, —%, %) and (%, %, %) Thus,
the repeat pattern of the sheet spans one unit cell in the [001]
direction but three unit cells in the [010] direction (Fig. 4) and,
accordingly, three such sheets are required to define the
crystal structure fully. Since each sheet occupies the entire
domain of x (namely —0.02 < x <1.02), it follows that the
sheets are threefold interwoven.

Within each set of three interwoven sheets, there are two
weak interactions that link the sheets. Firstly, ring atom C3 in
the thiazole molecule at (x, y, z), which is a component of the
R3(8) dimer centred at (4, 1,1), acts as a hydrogen-bond donor
to nitro atom Ol in the thiazole molecule at (1 —x, 1+,
2 — z), which forms part of the sheet containing an R3(8)
dimer centred at (1, —1,1). Secondly, the thiazole rings in the

Figure 3

A stereoview of part of the crystal structure of (VI), showing the
formation of a (100) sheet. For the sake of clarity, H atoms bonded to C
atoms have been omitted.
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molecules at (x, y, z) and (—x, 1 — y, —z), which lie in adjacent
sheets of an interwoven triplet, are parallel, with an inter-
planar spacing of 3.343 (3) A and a centroid separation of
3.700 (3) A, corresponding to a centroid offset of 1.586 (3) A.
However, although the sheets of an interwoven set are all
weakly linked by these interactions, there are no direction-
specific interactions between one triply interwoven set of
sheets and the two adjacent sets, so that the supramolecular
structure is strictly two-dimensional.

The supramolecular structure in (VI) thus stands in contrast
to those in the simple solvent-free analogues (I)-(IV); in
particular, the two-dimensional aggregation in (VI) may be
contrasted with the three-dimensional aggregation in the
benzo analogue (IV). The aggregation in (VI) may also be
contrasted with that observed in the 1:1 adduct, (VII), formed
between (V) and 4-aminobenzoic acid [CSD (Allen, 2002)
refcode MIRQEJ; Lynch (2001)]. Adduct (VII) crystallizes in
the non-centrosymmetric space group P2;, so that centro-
symmetric hydrogen-bonding motifs cannot occur. The
aggregation is dominated by the linking of the two neutral

Figure 4

A projection of part of the crystal structure of (VI), showing the three-
cell repeat pattern of the (100) sheet along [010] and the full occupancy of
the x domain. For the sake of clarity, H atoms bonded to C atoms have
been omitted. Atoms marked with an asterisk (*), a dollar sign ($) or an
ampersand (&) are at the symmetry positions (1 —x, 1 —y, 1 —z),
(x,3+y,z)and (x, =3 +y, z), respectively.

molecular components by means of N—H---O and O—H- - N
hydrogen bonds, and these two-component aggregates are
then linked into spiral chains by a second N—H- - -O hydrogen
bond.

Experimental

A sample of 2-amino-5-nitrothiazole was purchased from Aldrich.
Crystals of the ethanol solvate, (VI), suitable for single-crystal X-ray
diffraction were grown by slow evaporation of a solution in ethanol.
The crystal quality was consistently poor, as shown by the high value
of the merging index.

Crystal data

C;H;3N50,S-C,HgO
M, =191.22
Monoclinic, P%l/c

D,=1512Mgm™>
Mo Ko radiation
Cell parameters from 1602

a=13562(2) A reflections
b=53311(8) A 6 =3.1-26.0°
c=13142(2) A i =036mm™"
B = 117.900 (6)° T=120(2)K

V =839.7 (2) A®
Z=4

Needle, colourless
0.20 x 0.05 x 0.02 mm

Data collection

Nonius KappaCCD diffractometer
@ scans, and o scans with « offsets

1602 independent reflections
877 reflections with I > 20(I)

Absorption correction: multi-scan R, = 0.135
(DENZO-SMN; Otwinowski & Omax = 26.0°
Minor, 1997) h=-16 — 16
Tnin = 0910, Tpa = 0.993 k=—-6—>6

5482 measured reflections I=—-16 — 15

Refinement

Refinement on F?
R[F? > 20(F%)] = 0.072
wR(F?) = 0.181
§=0.99

1602 reflections

111 parameters

H-atom parameters constrained

w = 1/[o*(F2) + (0.0791P)’]
where P = (F2 + 2F2)/3

(A/0)max = 0.001

Apmax =095¢ A7

APmin = =036 A7

Table 1 .

Selected geometric parameters (A, °).

s—ci1 1.724 (5) S—C2 1.746 (5)
C1-C3 1.359 (7) C1—N1 1.382 (6)
C3—N3 1.349 (6) C2—N2 1.312 (6)
N3—C2 1.348 (6)

Cl—S—C2 87.5(2) N3—C3—Cl 116.0 (4)
S—C2—N3 115.0 (4) C3—C1—S 1117 (4)
C2—N3—-C3 109.7 (4)

S—C1—-N1-01 —178.8 (3) S—Cl1—-N1-02 0.4 (6)
Table 2

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A DA D—H---A
N2—H24. - N3 0.88 2.09 2.960 (6) 169
N2—H2B-- -03__ 0.88 1.98 2.838 (5) 164
O3—H3A-- 'Olff 0.84 2.53 3.188 (5) 136
O3—H3A-- -QZ" 0.84 2.07 2.900 (5) 169
C3—H3---01™ 0.95 2.46 3.187 (6) 133

Symmetry codes: (i) 1 —x, 1 —y, 1 —z; (i) x, s —y,z — % (i) 1 —x, 3 +y, 2 —z.

Acta Cryst. (2004). C60, o15—018

Christopher Glidewell et al. + C3H;N;0,5-C,HO 017



organic compounds

Space group P2,/c was uniquely assigned from the systematic
absences. All H atoms were located from difference maps and then
treated as riding atoms, with C—H = 0.95 (ring CH), 0.98 (CH3;) and
0.99 A (CH,), N—H = 0.88 A, and O—H = 0.84 A.

Data collection: KappaCCD Server Software (Nonius, 1997); cell
refinement: DENZO-SMN (Otwinowski & Minor, 1997); data
reduction: DENZO-SMN; program(s) used to solve structure:
SHELXS97 (Sheldrick, 1997); program(s) used to refine structure:
SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek,
2003); software used to prepare material for publication: SHELXL97
and PRPKAPPA (Ferguson, 1999).

X-ray data were collected at the EPSRC X-ray Crystal-
lographic Service, University of Southampton, England; the
authors thank the staff for all their help and advice. JNL
thanks NCR Self-Service, Dundee, for grants that have
provided computing facilities for this work. JLW thanks CNPq
and FAPERJ for financial support.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GG1195). Services for accessing these data are
described at the back of the journal.
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