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Refinement

Refinement on F? (A/0)max = 0.001

R(F) = 0.058 Apmax = 023 ¢ A7
WwR(F?) = 0.152 Apmin = =024 ¢ A73
S =1.099 Extinction correction: none

1401 reflections
166 parameters
H atoms: see below
w = 1/[o*(F2?) + (0.08P)°
+ 1.012P]
where P = (F2 + 2F2)/3

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A, °)

01—ClI 1.353 (4) N1—C8 1391 (5)
0—C2 1.377 (4) N2—C7 1371 (4)
02—Cl4 1.419 (5) N2—C13 1376 (5)
N1—C7 1.325 (5)
2—02-Cl4a 117.1 (3) C7—N2—C13 107.6 (3)
C7—N1—C8 106.1 (3)

Non-H atoms were refined anisotropically and H atoms (except
for HO1 which was refined positionally with a fixed U, value)
were located geometrically and not refined.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: SDP-
Plus (Frenz, 1985). Program(s) used to solve structure:
SHELXS86 (Sheldrick, 1990). Program(s) used to refine struc-
ture: SHELXL93 (Sheldrick, 1993). Molecular graphics: OR-
TEPII (Johnson, 1976). Software used to prepare material for
publication: SHELXI93.

The authors wish to acknowledge the purchase of
CAD-4 diffractometer under Grant DPT/TBAGT1 of the
Scientific and Technical Council of Turkey.

Lists of atomic coordinates, displacement parameters, structure factors
and complete geometry have been deposited with the IUCr (Reference:
BM1068). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CHI
2HU, England.
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Abstract

The title compound, C¢H|;NOS, is a 3-oxothioketone.
It adopts an enol constitution which is stabilized by
an intramolecular O—H---S hydrogen bond [O---S
2.895 (4) A, even though some molecular orbital cal-
culations suggested that the corresponding enethiol
tautomer was the most stable for 3-oxothioketone mol-
ecules. A Cambridge Structural Database search for the
3-oxothioketone skeleton found four enol structures but
no enethiol ones. The molecule lies on the crystallo-
graphic mirror plane.

Comment

The present work is part of a study of the novel reaction
of bis(trimethylsilyl)thioketene and N, N-disubstituted
amides (Tsuchiya, Oishi, Shibuya, Taguchi & Honda,
1996). The investigated compound is a 3-oxothio-
ketone which has three possible tautomers, namely, the
thioketo—keto, enol and enethiol forms.

(H3C)2NWcH3 (H3ChN\ -~ ~CH3 (HyON__~__CH;

3 W 3 |

s O o) S0
thioketo-keto enol enethiol

For similar 3-oxothioketone structures such as thio-
acetylacetone and thiomalondialdehyde, some molecu-
lar orbital calculations predicted that the intramolecular
hydrogen-bonded enethiol and enol tautomers were
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most stable and that the enethiol S—H- - -O form was
more stable than the corresponding enol O—H---S
form (Buemi, 1990). In the present crystal structure,
however, the molecule adopts the enol form. A Cam-
bridge Structural Database search (Cambridge Structural
Database Centre, 1996) for the 3-oxothioketone struc-
tures revealed that there had been four O—H- - -S forms
(Richter, Sieler, Kaiser & Uhlemann, 1976; Norskov-
Lauritsen, Carlsen & Duus, 1983; Richter et al., 1989;
Dolling, Kischkies, Heinemann & Hartung, 1993), but
no S—H.--O forms. The hydrogen-bonding geome-
try in the molecule [O(1)—H(8) 0.94 (7), H(8)- - -S(1)
2.01(7), O(1)---S(1) 2.895(4) A, C(3)—O(1)—H(18)
106 (4) and O(1)—H(8)- - -S(1) 156 (6)°] shows typical
values for chelated enol structures.

All the atoms of the molecule, eacept for the H(2),
H(4) and H(7) atoms of the terminal methyl groups, lie
on the crystallographic mirror plane.

Fig. 1. View of the title compound with the atomic numbering system.
Displacement ellipsoids are drawn at the 50% probability level.

Experimental

The title compound was obtained from the reaction of bis(tri-
methylsilyl)thioketene and N,N-dimethylacetamide (Tsuchiya,
Shibuya, Taguchi, Oishi & Honda, 1996). The single crystal
was prepared by evaporation of a diethyl ether solution.

Crystal data

CsH;1NOS Mo Ka radiation

M, = 14522 A=0.7107 A
Monoclinic Cell parameters from 25
P2 /m reflections
a=8472(2) A 6=125-14.8°
b=7107(2) A p=0.341 mm™'
c=6533(2) A T=299 K

B8 =99.84(2)° Block

V=387.6(2) A° 0.2 x 0.2 x 0.1 mm
Z=2 Yellow transparent

D, = 1.244 Mg m~®
D,, not measured

Data collection
Rigaku AFC-5S diffractom-

eter

541 reflections with
1> o)

375
w scans Rin = 0.0116
Absorption correction: Omax = 27.5°
empirical via ¢ scan h=0-10
(Karcher et al., 1989) k=0—10
Toin = 0.858, Tmax = 0995 1=-9 -9

1193 measured reflections
1057 independent reflections

Refinement

Refinement on F

3 standard reflections
every 100 reflections
intensity decay: 10.06%

(A/0)max = 0.092

R =0.053 Apmax =027 AT3
wR = 0.058 Apmin = —0.30 ¢ A3
$=129 Extinction correction: none

541 reflections
82 parameters
All H atoms refined

Scattering factors from
International Tables for
Crystallography (Vol. C)

w = 1/[g(F,) + 0.0009|F,*]

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (1/3)5;X;Ua} a> a;.a;.

X y Z Ueq

S(Ht 0.1853 (2) 1/4 0.1400 (2) 0.0598 (4)
ot 0.4845 (4) 1/4 0.4305 (6) 0.073 (1)
Nt —0.0287 (4) 1/4 0.3911 (5) 0.044 (1)
C(hHt 0.1273 (5) 1/4 0.3761 (6) 0.038(1)
C@)t 0.2432 (5) 1/4 0.5674 (7) 0.043 (1)
C3)t 0.4038 (5) 1/4 0.5839 (7) 0.052 (1)
C4)t 0.5120(7) 1/4 0.7908 (10) 0.076 (2)
C(5)t —0.0883 (7) 1/4 0.5868 (9) 0.056 (2)
C©)t —0.1522.(7) 174 0.2007 (9) 0.064 (2)
H(8)t 0.408 (9) 1/4 0.31(1) 0.12(2)

t Site occupancy = 0.5.

Table 2. Selected geometric parameters (fi, °)

S(1H—C(1) 1.697 (4) N(1)»—C(6) 1.482 (6)
O(1y—C(3) 1.306 (6) C(1)»—C(2) 1.451 (6)
N(H)—C(1) 1.342(5) C(2—C@3) 1.346 (6)
N(1)—C(5) 1.453 (6) C(3—C®) 1.497 (7)
C(1)—N(1)—C(5) 124.0 (4) N()—C(1)—C(2) 117.8 (4)
C(1)»—N(1)»—C(6) 120.1 (4) C(1)—C(2)—C(3) 126.5 (4)
C(5)—N(1)—C(6) 1159 4) O(1)—C(3)—C(2) 126.3 (4)
S(1—C(1)»—N() 120.5(3) O(1)»—C(3—C(4) 111.9 (4)
S(1)—C(1)—C(2) 121.6 (3) C(2)—C(3)—C4) 121.8(5)

The crystal density could not be measured due to high solubil-
ity in organic solvents and decomposition in aqueous solutions.
The compound is air sensitive. The standard reflections indi-
cated an intensity decay of 10.06% even though the crystal
was sealed in a glass capillary. A polynomial correction was
applied. All H atoms were located in difference Fourier maps.

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1988). Cell refinement:
MSC/AFC Diffractometer Control Software. Data reduction:
TEXSAN PROCESS (Molecular Structure Corporation, 1994).
Program(s) used to solve structure: SIR88 (Burla et al., 1989).
Program(s) used to refine structure: TEXSAN LS. Molecular
graphics: ORTEPII (Johnson, 1976). Software used to prepare
material for publication: TEXSAN FINISH.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: FR1014). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CHI 2HU, England.
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Abstract

In the title compound, N,N'-bis(4-chlorobenzylidene)-
disulfanediylbis(2-aniline), CcH;sCI;N,S;, two 2-(4-
chlorobenzylideneamino)phenyl sulfide moieties, which
can act as tridentate ligands, are joined through their
S atoms. The molecule has a trans configuration about
the S—S bond. The bond lengths and angles are nearly
identical between the two halves of the molecule.

Comment

Schiff’s bases bearing imine N and anionic S atoms
constitute an important class of polydentate ligands and
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their metal complexes have previously been used as
models for biological systems (Sugiura & Hirayama,
1976; Casella, 1984). The direct approach in synthe-
sizing a free Schiff’s base from the condensation of
2-mercaptoaniline with a carbonyl compound often
results in an undesirable side reaction involving ring
closure with the formation of a heterocyclic compound
(Jadamus, Fernando & Freiser, 1964; Charles & Freiser,
1953; Sugiura, Hirayama, Tanaka & Ishizu, 1975; ide,
Oztas, Ancin & Tiizun, 1996). The title compound,
(I), was obtained by the condensation of 4-chlorobenz-
aldehyde with 2,2’-diaminodiphenyl disulfide. This pre-
formed Schiff’s base can then be used to obtain Nil',
Zn'"!, Cu' and Cd" complexes by an electrochemical re-
ductive cleavage of the disulfide bond (Castro et al.,
1990). Disulfides including a C—S—S—C chain have
been used also as antiwear and extreme-pressure addi-
tives in lubricating oils.

O -

éjm@%

The present investigation is part of a research program
involving the structural studies of disulfides. Structural
properties of such compounds have been discussed
previously by Hordvik (1966), Lee (1972), Meyer
(1976), Muller & Diemann (1987), Marsden & Smith
(1988) and Krasinski & Fackler (1994). The observed
S—S and S—C bond lengths (Table 1) are in agreement
with the values reported in the literature (Allen et al.,
1987; Orpen et al., 1989). The torsion angles C7—C1—
S1—S1’ of 19.8 (4) and C7'—C1'—S1’—S1 of 0.4 (4)°
are similar to the corresponding angles in diphenyl di-
sulfide (17.7 and 0.2°), but different from the values
in 2,2’-diaminodiphenyl disulfide (83.6 and 83.4°; Lee
& Bryant, 1970), which indicates a pr—dn interaction
between the fully occupied p, orbital on the C atom with
an empty d orbital on the S atom in the latter compound.
Such a 7 overlap does not seem as favourable in the title
compound. In a disulfide group, the regular dihedral
angle of about 90° corresponds to S—S bond lengths
of about 2.03 A (Hordvik, 1966). In the title compound,
the C1—S1—S1'—CV’ torsion angle of —89.8 (2)° and
the S—S bond length of 2.032(2) A agree with this
observation.

Mean plane A (formed by atoms C1-C3 and C5-
C7) makes an angle of 86.3(1)° with mean plane A’
(formed by atoms C1’-C7’). The S1 atom deviates
by 0.081 (1) A from plane A, while there is no devi-
ation of the S1’ atom from plane A’. The N atoms
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