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Oxidation of thioureas has been known to give a variety of reaction products depending
on the substituents of the thioureas, the type of the oxidizing agent, the polarity of the
reaction medium and other reaction conditions.! We have shown that oxidation of 1.1-
diphenylthiourea and N-methylthiourea with iron (III) leads to 1,2,4-thiadiazoline
derivatives.>® Kinoshita et al. studied the mechanism of oxidation reaction of substituted
thioureas with BPO and suggested that 1,2,4-thiazolidine heterocyles are formed through
abstraction of thiourea hydrogen and sulfur atoms.* In this respect, it is interesting to
examine oxidation products of thioureas having no urea hydrogen atoms. In this work
we report on the crystal structure of the oxidation product of tetramethylthiourea with iron
(1IT) chloride.

Tetramethylthiourea (1.32 g: 0.01 mol) and anhydrous iron (III) chloride (1.62 g: 0.01
mol) dissolved in absolute ethanol (30 ml) were reacted at room temperature for 1 h.
Dark-red gel-like precipitate was formed, which was subsequently separated from the
mother liquor by decantation . The residue was re-dissolved in anhydrous acetone dried
with molecular sieve (60 ml). The solution was kept at 4 °C in refrigerator for a few days.
Precipitated crystals were filtered off and dried in a desiccator. Two different types of
crystals were obtained from the same acetone solutioﬁ%ﬂiamond shaped petal-like crystals
(Form I) and rhomboid platelet-like crystals (Form II). X-ray analyses were carried out
on these two crystal modifications.

The detailed measurement conditions and crystal data are listed in Table 1. The
atomic scattering factors and anomalous dispersion terms were taken from the International
Tables for X-ray Crystallography, Vol. IV.*>  All calculations were performed using the
program TEXSAN crystallographic software package.® The final atomic parameters are
listed in Table 2.  The molecular structure is shown in Fig. 1, together with the atomic

labeling scheme. Selected bond distances and bond angles are listed in Tables 3 and 4.

Forms I and II turn out to be polymorphic forms of formamidinium salts of p-oxo-

bis-[trichloroferrate(IIl)] ions where two tetramethylthiourea molecules are linked by a

disulfide bond. Similar formamidinium disulfide salts were also derived {rom thiourea.’

There are two independent p-oxo-bis-[trichloroferrate(I1I)] ions in the asymmetric unit of

the Form I crystal, whereas only one ion exists in that of Form II.  This ion occupies a
2
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special position in the unit cell of the Form I crystal; the O(1) atom is situated on the mirror
plane and the O(2) atom on the inversion center.  Significant differences are observed in
the Fe-O-Fe bond angles (Fe(1)-O(1)-Fe(2) and Fe(3)-O(2)-Fe(3) are 146.4(2)° and 180°
for Form I and Fe(1)-O(1)-Fe(2) is 167.9(1)° for Form II). In consistent with variation in
the Fe-O-Fe bond angles, the Fe-O-Fe antisymmettic vibrations are observed in IR spectra
at 845 cm™ and 890 cm™ for Form I crystals and 875 cm™ for Form II crystals.  Molecular
geometries of the formamidinium disulfide part are generally similar for Form I and II
crystals. The only significant differences are in the torsional angle around the C-S bond

as shown in Table 4.
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Table 1 Crystal and experimental data

Formula :
Formula weight :
Crystal system :
Space group:
Radiation :

T
20

max

Scan type :
F(000)

Dcalc=

Tl

No. of reflections used
No. of parameters
Goodness-of -fit

(A/O),ax

(A1P) ax
Measurement:
Program system:

Structure determination:

Refinement:

Form I Form II

C, H,.CL.Fe,N,0S,

604.86

orthorhombic monoclinic

Pnma Z=8 P2./n Z=4

Mo Ka (0.71069 A)

206 K

55.0°

w/20

2448 1224

a=15.209(3) A a=11.096(1) A

b=31.741(4) A b= 12.367(3)A

c=10.360(1) A c=17.984()A
B= 92.761(8)°

35001(1)A3 2465.0(6) A3

1.61 glem® 1.63 giem®

R=0.038, R,=0.043
19.77 cm™

3509 (1>3.000(1))
331

1.58

0.3%

0.58 ¢/ A3

Rigaku AFC-5R
TEXSAN

direct method
full-matrix least-squares

R=0.027, R =0.036
20.06 cm™

4222 (1>3.000(1))
322
1.44
0.24

036¢elA3
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Table 3 Selected bond lenghts (A)

Distance
Atom Atom Forml Form 11

Fe() O() 1.757(4)  1.760(2)
Fe(2) O() 1.767(4)  1.757(2)
Fe(3) O)  1.7402(6)

S(1)  S(2) 2.048(2)  2.05%(1)
S(1)  C(1) 1.784(4)  1.792(2)
S(2) C(6) 1.780(4)  1.795(2)
N(1) C(1) 1.323(5)  1.313(3)
N(1) C(2) 1.457(5)  1.468(4)
N(1) C@B) 1.465(6)  1.466(3)
N(2) (1) 1312(5  1.325(3)
N(2) C(4) 1.476(6)  1.471(4)
N(2) C(5) 1.467(6)  1.471(4)
N(3) C(6) 1.306(5)  1.310(3)
NG3) C(7) 1.471(6)  1.470(4)
N@GE) C@]) 1.474(6)  1.472(4)
N@) C(6) 1319(5)  1.326(3)
N(4) C(O) 1.464(9)  1.468(4)
N(4) C(10) 1.48(1) 1.467(4)

Estimated standard deviations in the least significant
figure are given in parentheses.
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Figure Captions

Fig. 1 Molecular structure with the numbering of the atoms, (a) Form I and (b) Form
II. Primed atoms are symmetrically related either via the mirror or the inversion

center. Thermal ellipsoids of the non-hydrogen atoms scaled 1o enclose 50 %

probability.
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