SHORT COMMUNICATIONS

The space group, from systematic absences,
is Ogn® — P2jc, which requires that the
tellurium atoms lie in centres of symmetry.
This is consistent with the intensity distri-
bution of the hkl reflections, those with &k + [
even being in most cases markedly stronger
than those with £ + ! odd.

The dibromide, [Te(tu),(tmtu),]Br,, is
isomorphous with the dichloride, and has
a=8"184,b=15.02 A,c — 10.04 A, — 94°,
and density, cale. 1.77 for two formula
units per unit cell, found 1,79 g/cm3,
M. p. 150° (decomp.). (Found: S 18.52;
Te 18.09. Calc. for C,,H,,Br,N,S,Te: S
18.22; Te 18.12.) The crystals occurred as
short prisms {011}.

The same procedure as above for the
dichloride and dibromide complexes was
used in preparing the dithioureabis(tetra-
methylthiourea )tellurium(II) salts; here,
about 2 g of tetramethylthiourea in 20 ml
of methanol was employed per g of Te(tu),
Cl, and Te(tu),Br,, and no ether except
for the last washings. The methanolic
mother liquors, which contain the excess
of tetramethylthiourea, can be used for
further preparations of the same substance.
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Thiosulphonates of divalent tellurium,
Te(S;0;R), with R = methyl, phenyl
and p-tolyl, have been prepared earlier by
one of us’?, and their crystal structures de-
termined®-s, Divalent tellurium in these
compounds readily releases the thiosulpho-
nate groups in displacement reactions with
thio ions of higher nucleophilic reactivity,
such as thiosulphate and dialkyldithio-
carbamate ions 12

Te(S,0,R), + 2 YS = ‘
Te(SY), + 2 RSO,S"

This note reports the finding that with
thioureas as nucleophiles, in most cases
only an addition and not a displacement
takes place. Divalent tellurium adds two
molecules of thiourea (tu), ethylenethio-
urea (etu), or tetramethylthiourea (tmtu),
to give four-coordinated, planar complexes
Te(tu),X,, Te(etu),X, and Te(tmtu),X,,
where X = thiosulphonate. Five repre-
sentatives are described below, one in two
crystalline forms, In all but one of the crys-
tals, unit cell and space group data indi-
cate that the tellurium atom lies in a centre
of symmetry. They thus are the trans iso-
mers.

The compounds are yellow, with a green-
ish tinge in the case of the ethylenethiourea
derivatives, except the tetramethylthio-
urea-benzenethiosulphonate complex which
is red. In contact with methanol the latter
complex gives off tetramethylthiourea,
leaving yellow crystals of tellurium diben-
zenethiosulphonate. Water destroys the
complexes with liberation of tellurium, In
the solid, dry state they are quite stable.

Unit cell and space group data were
derived from oscillation and Weissenberg
photographs, using CuKa radiation, 3 =
1.542 A, The values for axial lengths are
believed to be accurate to within 0.5 9%,

Dimethanethiosulphonato-dithiourea-tellu-
rium(I1I), Te(tu),(S,0,CH,),, crystallizes
from solutions made by dissolving powder-
ed tellurium dimethanethiosulphonate in
methanolic thiourea, under stirring and
heating to near boiling temperature. Some
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liberated tellurium was filtered off, and the
filtrate allowed to cool to room tempera-
ture. The compound can also be prepared
from the thiourea complexes Te(tu),Br, or
Te(tu),Br, and methanolic sodium metha-
nethiosulphonate monohydrate. The crys-
tals were on the filters drained well, and
washed with ether; washing with methanol
sometimes caused slight blackening. M. p.
130 —131° (decomp.). (Found: S 38.52;
Te 25.36. Calec. for CH,N,0,S,Te: S
38.31; Te 25.41.)

The crystals occur as monoclinic prisms
oextended along the b axis, with a = 12.50
A b =560A,c=1280A4,p = 98, and
two molecules per unit cell; density, calec.
1.88, found 1.89 g/cm?® The space group,
from systematic absences, is Cy,,8 — P2,/n;
the tellurium atoms lie in centres of
symmetry.

From Fourier projections along the b and
¢ axes ¢, the Te—S(thiosulphonate) bonds
are 2.68 A, as compared with 2.36 A in the
parent, uncomplexed compound 3. The
Te— S(thiourea) bonds are 2.65 A, and the
S—Te—S8 angles of the planar TeS, group
are 90° within the error.

Dimethanethiosulphonatobis (ethylenethio-

urea Jtellurium(I1),  Te(etu)y(S,0,CH,),,

crystallized when to 1.3 g of tetrakis(ethy-
lenethiourea )tellurium(II) dichloride di-
hydrate 7 dissolved in 20 ml of warm me-
thanol was added a filtered solution of 0.65
g (ca. T % excess) of sodium methanethio-
sulphonate monohydrate in 8 ml of metha-
nol. Yield, 1.0 g (89 9%). These crystals,
and those of the ethylenethiourea-benzene-
thiosulphonate complex below, were on the
filters washed with methanol and then with
ether. M. p. 168 —169° (decomp.). (Found:
S 34.63; Te 23.02. Calc. for C;H,;N,0,S,Te:
S 34.71; Te 23.02.) Microscopic examina-
tion of the samples showed that they con-
gisted of two types of crystals, long prisms
and rather small plates, both monoclinic;
the latter seemed to predominate in prepa-
rations from more dilute methanol solu-
tions,

The prisms were extended along the b
axis, with a = 18.35 A, b = 541 A, ¢ =
20,16 A, p = 102°, and four molecules per
unit cell; density, calc. 1.88, found 1.89 g/
em?, Systematic absences, hkl when h + k
is odd, hOl when A is odd or ! is odd. A
Fourier projection along the b axis has
been carried out, which shows that the
space group is C,;8—C2/c, and outlines
clearly a centrosymmetric, trans molecule,

The plates had edges parallel to the bc
diagonals, and ¢ = 9.61 A, b = 10.86 A,
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¢ =10.67 A, B = 119°, There are two mole-
cules per unit cell; density, calc..1.89,
found 1.89 g/em® From systematic ab-
sences, and weak hkl reflections when k& +
is odd, the tellurium atoms lie in symmetry
centres of the space group Cy5—P2,/c.
This is thus a dimorph of the trans isomer.

Dibenzenethiosulphonatobis( ethylenethio-
urea)tellurium (II1),  Te(etu)y(S,0,CeHy),,
was prepared like the methanethiosulpho-
nate analog, from 1.6 g of tetrakis(ethylene-
thiourea )tellurium(II) dichloride dihydrate
in 50 ml of warm methanol, to which was
added a filtered solution of 1.25 g (ca. 15
% excess) of potassium benzenethiosulpho-
nate dihydrate in 20 ml of methanol.
Yield, 1.6 g (95 9%). M. p. 147° (decomp.).
(Found: C 32.09; S 28.40; Te 18.76. Calc.
for C, H,,N,0,8,Te: C 31.87; S 28.36; Te
18.81.)

The crystals are triclinic prisms extended
along the c axis, with @ = 7.08 &, b =
1060 A, c = 8.98 A, a = 102%°, § = 91°,
y = 94°, and one molecule per unit cell;
density, cale. 1.72, found 1.71 g/cm?®. The
centrosymmetric space group, Ct—PI,
would place the tellurium atom in a centre
of symmetry also here.

Dimethanethiosulphonatobis(tetramethyl-
thiourea Jtellurium(11),Te(tmtu)y(S,0,CHj),.
1.3 g of powdered tellurium dimetha-
nethiosulphonate was dissolved, under stir-
ring and heating to near boiling temperatu-
re, in 15 ml of methanol containing 1.2 g (ca.
20 9, excess) of tetramethylthiourea. Some
liberated tellurium was filtered off, and 5
ml of ether added to the warm filtrate.
There was a tendency for the product to
separate as an oil; crystallization could be
effected through scratching of the beaker
walls, or by seeding. The crystals were
washed on the filters with methanol-ether
1:1 and then with ether, Yield, 1.4 g
(60 %). M. p. 85°. (Found: C 23.65; S 31.42;
Te 20.68. Cale. for C,;,HyN,0,S,Te: C
23.46; S 31.31; Te 20.77.)

The compound forms prisms extended
along the b axis and flattened along the a
axis. They are monoclinic, with a = 9.52 4,
b = 1262 &, ¢c = 1046 A, g = 98°, and
two molecules per unit cell; density, cale.
1.64, found 1.64 g/cm?. The systematic ab-
sences, 0k0 when k is odd, indicate the
space group C,2— P2, or Oyt — P2 /m. The
tellurium atoms do not lie in symmetry
centres of the latter, since hkl reflections
are not systematically weak when k is odd.
There is perfect cleavage along the b plane.

Dibenzenethiosulphonatobis( tetramethyl-
thiourea Jtellurium( 11 ), Te(tmtu)y(S,0,CeHy),,
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was prepared by treating 0.95 g of
powdered  tellurium  dibenzenethiosul-
phonate with 15 ml of methanol containing
0.9 g (ca. 90 9, excess) of tetramethylthio-
urea, under stirring and heating to boiling
temperature. Undissolved thiosulphonate
and some liberated tellurium were filtered
off, and the solution allowed to cool to
room temperature, after scratching or seed-
ing to start crystallization. The crystals
were drained well on the filters and washed
with ether. Yield, about 0.2 g (14 %). M p.
121°. (Found: C 35.80; S 26.02. Calc. for
Cy,Hy N,0,8,Te: C 35.78; S 26.05.)

The crystals show varying habit and
many faces, one was & prism extended
along the baxis, another a thick plate {100}
extended along the be diagonal. The dimen-
sions of the monoclinic unit cell are, a =
10.26 A, b = 1007 4, ¢c = 1598 4, 8 =
110°, and there are two molecules per unit
cell; density, calc. 1.58, found 1.58 gfems?,
The systematic absences, and weak Akl
reflections when k¥ + [ is odd, show that
the tellurium atoms lie in symmetry
centres of the space group Cy5 — P2 /c.
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The work reported here and in a following
note ! terminates a series of preparative
and preliminary X-ray studies of comp-
lexes of divalent tellurium with thioureas,
now with propylenethiourea (prtu) as
ligand. Four Te(prtu),X, complexes are
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described, namely with X = chloride,
bromide, thiocyanate and methanethio-
sulphonate; the two former represent the
cis and the two latter the trans isomer of
four-coordinated planar complexes of this
type. This is the first frans thiocyanate
found; the established or indicated trans iso-
mers of other TeX,Y, complexes are:
With thiourea %* only the methanethio-
sulphonate, with ethylenethiourea 24 the
bromide, iodide, methane- and benzene-
thiosulphonate, with tetramethylthio-
urea %% the chloride, bromide, iodide and
benzenethiosulphonate, and two salts ¢ of
a cation with two thiourea and two tetra-
methylthiourea ligands. The assignment of
planar trans structure is based on unit cell
and space group data, which indicate that
in all the above representatives the tellu-
rium atom lies in a crystallographic centre
of symmetry, and in some cases on struc-
ture analysis.

Propylenethiourea (hexahydropyrimidi-
ne-2-thione) was prepared from 1,3-diami-
nopropane and carbon disulphide %7, and
recrystallized from water. In acid solutions
it reduces tetravalent tellurium to divalent,
and becomes thereby itself probably oxi-
dized to a disulphide cation, (prtu)2+, like
other thioureas.

The compounds are yellow, and stable
in the solid state, but hydrolyze and libe-
rate tellurium in contact with water. They
were on the preparative filters washed with
methanol to which in the case of the di-
chloride complex a little concentrated
hydrochloric acid had been added, and then
with ether. Single-crystal X-ray data were
obtained using CuKa radiation, A =
1.642 A; values for axial lengths are pro-
bably accurate to within 0.5 9.

Tellurium dichloride complex, Te(prtu);Cl,.
To 1.6 g (10 mmoles) of tellurium di-
oxide in 15 ml of concentrated hydrochloric
acid was added, rapidly under stirring,
4.7 g (40 mmoles) of propylenethiourea in
15 ml of hot water, Crystallization set in on
scratching of the beaker walls. Yield, after
cooling to room temperature, 3.5 g (81 %).
M. p. 199° (decomp.). (Found: Cl 16.54;
Te 29.67. Cale. for CyH,CL,N,S,Te: Cl
16.46; Te 29.61.)

The crystals occur as monoclinic prisms
extended along the b axis and often flatten-
ed along the ¢ axis. The unit cell dimensions
are,a = 1649 A, b = 764 A, ¢ = 14.52 A,
B = 120°, and there are four molecules per
unit cell; density, cale. 1.81, found 1.81
g/ecm®. From systematic absences, and a
Fourier projection along the b axis, the



