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Abstract

C9H9NO2S, orthorhombic, Pna21 (no. 33), a = 9.6168(2) Å,
b = 9.0206(2) Å, c = 11.0006(2) Å, V = 954.3 Å3, Z = 4,
Rgt(F) = 0.0242, wRref(F

2) = 0.0659, T = 200 K.

Source of material

The title compound was obtained upon reacting benzoyl chloride
with ammonium thiocyanate in acetone and, subsequently, with
boiling methanol. Crystals suitable for the Xray analysis were
obtained upon storage of the oily residue at room temperature for
one week.

Experimental details

Carbon-bound H atoms were placed in calculated positions (C–H
0.95 Å for aromatic carbon atoms) and were included in the re-
finement in the riding model approximation, with Uiso(H) set to
1.2Ueq(C). The H atoms of the methyl group were allowed to ro-
tate with a fixed angle around the C–C bond to best fit the experi-
mental electron density (HFIX 137 in the SHELX program suite
[5]), with Uiso(H) set to 1.5Ueq(C). The nitrogen-bound H atom
was placed in a calculated position (N–H 0.88 Å) and was in-
cluded in the refinement in the riding model approximation, with
Uiso(H) set to 1.2Ueq(N).

Discussion

Chelating ligands have found widespread use in coordination
chemistry. Coordination compounds formed by them show a
markedly higher stability than coordination compounds formed

from comparable but exclusively monodentate ligand systems.
Mixed N,S,O ligand systems are especially interesting in this as-
pect as they offer a set of donor atoms of variable Lewis acidity
and can, therefore, probe for prefereable binding sites. The incor-
poration of the aforementioned set of atoms in a mixed keto-
thioketo-amide environment, in addition, offers the possibility of
N–H tautomerization involving the two double-bonded atoms,
thus enhancing the versatility of the ligand system. In continua-
tion of our ongoing research on the field of N,S,O ligands, the title
compound was synthesized and its crystal and molecular struc-
ture was determined. Two similar compounds – namely syn,anti-
O,O'-dimethyl N,N'-(%-phenylenedicarbonyl)bis(dithio-
carbamate) and anti,anti-O,O'-dimethylN,N'-(%-phenylene-
dicarbonyl) bis(thiocarbamate) – have been reported in the litera-
ture [1]. The molecule shows widespread planarization among
the N,S,O moiety. The least-squares plane defined by the non-hy-
drogen atoms of the sidechain (r.m.s = 0.0551 Å) shows the oxy-
gen atom deviating most from this plane by 0.1039(8) Å. This
finding can be rationalized by assuming amide-type resonance
spanning the sidechain. However, the aromatic system does not
seem to take part in this resonance as the least-squares plane de-
fined by its carbon atoms intersects at an angle of 28.18(5)° with
the least-squares plane just described. The length of the C–S
bond, however, is not supportive of involving the latter in reso-
nance as its value of 1.6253(12) Å is significantly below the most
common values reported for molecular structures featuring com-
parable O–(C=S)–N moieties in the Cambridge Structural Data-
base [2]. In the crystal, C–H!!!O contacts whose range falls by
more than 0.1 Å below the sum of van-der-Waals radii of the cor-
responding atoms are observed next to classical hydrogen bonds
of the N–H!!!O type. The C–H!!!O contacts are supported by one
of the hydrogen atoms in ortho position to the keto functionality
as well as one of the hydrogen atoms on the methyl group as do-
nors. The double-bonded oxygen atom serves as acceptor in both
cases as well as for the classical hydrogen bonds. In terms of
graph-set analysis [3, 4], the descriptor for the C–H!!!O contacts
is C1

1(5)C1
1(7) on the unary level while the classical hydrogen

bonds necessitate a C1
1(4) descriptor on the same level. The

N–H!!!N hydrogen bonds connect the molecules to infinite chains
along the crystallographic a axis. $-Stacking is not a prominent
stabilizing factor in the crystal structure of the title compound
with the shortest intercentroid distance between two centers of
gravity measured at 5.6123(8) Å.
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Crystal: yellow blocks, size 0.32$0.40$0.59 mm
Wavelength: Mo K" radiation (0.71073 Å)
#: 3.04 cm#1

Diffractometer, scan mode: Bruker APEX-II CCD, & and %
2"max: 56.56°
N(hkl)measured, N(hkl)unique: 8536, 2286
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 2200
N(param)refined: 119
Programs: SHELX [5], WinGX [6],

MERCURY [7], PLATON [8]

Table 1. Data collection and handling.

_____________
* Correspondence author (e-mail: Richard.Betz@nmmu.ac.za)

H(1) 4a 0.1421 0.2649 0.6081 0.035
H(3A) 4a 0.2141 0.5821 0.3524 0.076
H(3B) 4a 0.3544 0.5879 0.4303 0.076
H(3C) 4a 0.2200 0.6768 0.4753 0.076
H(12) 4a #0.2092 0.1038 0.7968 0.044

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso
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Table 2. continued.

Atom Site x y z Uiso
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Table 2. continued.

Atom Site x y z Uiso
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