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thioureato)nickel(II)
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The crystal and molecular structure of cis-bis(1,1-
diethyl-3-benzoyl-thioureato)nickel(I) was deter-
mined from three-dimensional X-ray diffraction
data. The crystals belong to the monoclinic space
group P2,/c (No. 14). The cell Karametcrs are
a=10.49(1),b=18.47(1),c =14.72(1)A, = 118.80(7)°,
and Z=4. The structure was refined to a final R-
value of 3.58 %. 1,1-Diethyl-3-benzoyl-thiourea is
bidentate and coordinates through its S and O
atoms, forming a 6-membered ring. The average
Ni—S and Ni—O bond lengths are 2.134 and
1.860 A, respectively, and the interchelate S—S
distance is 2.881(2) A Coordination around the
nickel atom is square planar. One of the four ethyl
groups is disordered. The molecules in the unit cell
are zj{ranged in pairs, the Ni—Ni distance being
405 A.

The structures of several metal complexes of
thiourea and its derivatives have been determined
during the past decades.'”!? Among these are
nickel complexes of substituted thioureas. Depend-
ing on the nature of the substituent groups, thiourea
acts as a unidentate or bidentate ligand.!"*371¢
The title ligand, 1,1-diethyl-3-benzoylthiourea, acts
as a bidentate ligand coordinating through the
sulfur atom and the benzoyl oxygen atom. The
structures of its palladium and copper complexes
have been determined earlier.!”-!® Palladium forms
a planar complex, and one modification of the
copper complex is tetrahedral.

The present determination of the structure of the
nickel complex was carried out to obtain informa-
tion on the coordination around the nickel atom
and on the unusual residual paramagnetism (u=
0.61 B.M.) of the complex measured earlier.'® The
only reason for such magnetic behaviour in this
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type of coordination compounds known from
literature 2° is* described by the formation of inter-
allogonic systems consisting of planar and tetra-
hedral structural units in the ratio of 2:1.

EXPERIMENTAL

Data collection. The reddish brown crystals have
been synthesized earlier.'® The compound was
recrystallized twice from hot ethanol. A needle-
formed crystal was transferred to the Syntex P2,
automatic four-circle diffractometer. Graphite
monochromatized MoKao-radiation was used for
data collection. The unit cell parameters were
calculated by least squares refinement of 15 reflec-
tions. The intensities of 2671 independent reflec-
tions were collected (5°<260<50°) at room tem-
perature using the 6/20-scan technique with the
scan rate varying from 1.0 to 15.0° min~! depending
on the peak intensity. The intensity of one standard
reflection, recorded after every 50 measurements to
monitor the crystal stability, remained essentially
constant throughout data collection. Out of 2671
measured reflections 1927 were observed on the
basis of I>30(I). The data were corrected for
Lorentz and polarization factors but not for ab-
sorption (u(MoKa)=9.66 cm ™ !).

Structure determination. The phase problem was
solved by the MULTAN 78 direct methods.?! The
phases of the 232 E-values larger than 1.3 were
calculated. Refinement was carried out with pro-
grams of the X-Ray System.?? The scattering factors
for Ni, S, O, N and C were those of Cromer and
Mann 23 and for H atoms those of Stewart, Davidson
and Simpson.2* MULTAN gave the coordinates of
Ni and the atoms of its coordination circle as well
as those of six carbon atoms. During refinement
one of the ethyl groups was found to be disordered.
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The location of its carbon and hydrogen atoms was
difficult and one of the hydrogens was not found.
The high thermal parameters of C9 and C10 are
due to this disorder. The positions of the other
atoms could be located satisfactorily. In the final
least squares cycles of block-diagonal refinement,
non-hydrogen atoms were assigned anisotropic and
hydrogen atoms isotropic thermal parameters. After
the last cycle the final R-value was 3.58 %,. The
final difference Fourier map showed no peaks
above 0.3 e/A3. The calculations were carried out
on a UNIVAC 1100/60 computer.

DESCRIPTION OF THE STRUCTURE AND
DISCUSSION

The molecular structure of bis(l,1-diethyl-3-
benzoyl-thioureato)nickel(II) is shown in Fig. 1 and
the packing of the molecules in Fig. 2.

The atomic coordinates with their standard
deviations for non-hydrogen and hydrogen atoms
are given in Table 1. Tables of observed and cal-
culated structure factors and of final thermal
parameters are available from the authors on
request.

Intramolecular distances and angles with their
standard deviations are shown in Table 2.

The central Ni atom is coordinated to two 1,1-
diethyl-3-benzoylthiourea molecules through their
oxygen and sulfur atoms and the stereochemistry
of the complex is cis. The coordination around
nickel is square planar. The angle between planes
(Ni, S1, O1) and (Nj, S2, O2) is 3.33°.

There is no significant difference between the
Ni—Sl and Ni—S2 bond lengths of 2.123(2) and
2.144(1) A, respectively. The The Ni—O1 and
Ni—O2 bond lengths of 1.863 and 1856 A,
respectively, are equal within error limits. Both
Ni—S and Ni—O distances are comparable with

R

Y

Fig. 1. An ORTEP drawing of bis(1,1-diethyl-3-
benzoyl-thioureato)nickel(I), including atomic
labeling scheme.

those of the square planar nickel(II)-g-thioxo-
ketonates?°~27 and the Ni—S distances agree
with the corresponding distances in bis(dithio-
biureato)nickel(II),'° but are somewhat shorter
than those in the dithiolato complex (Ni—S=
2.253-2338 A)?® and the N,N'-diallylthiourea
complex (Ni—S=2221 A).! The chelate ring bond
distances show delocalization of rn-electrons, and
agree with those found in the thiourea complexes
determined earlier.! ~*2

The bond distance C—N between the diethyl-
amino substituent and the chelate ring is shorter
than a normal single C—N bond length, C1 —N2
being 1.332 A and C13 — N4 1.345 A. This shortening
of the C— N bond lengths is in agreement both with
the bond distances of thiourea complexes deter-
mined earlier' ~'? and with the 'H NMR results
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Fig. 2. Stereoview of the packing perpendicular to the ab plane.
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Table 1. Final positional parameters for C,,H;,N,O,S,Ni including hydrogen atoms.

Atom X Y V4 Atom X Y V4

Ni .4902(1) .0506(0) .8747(0) H1 .078(4) .409(2) .315(3)
S1 4745(1) .0358(1) 1.2057(1) H2 .832(5) .391(5) .259(3)
S2 .7223(1) .0640(1) .9486(1) H3 .367(5) 951(2) .386(3)
02 .7122(3) —.0419(2) 1.1962(2) H4 .289(5) .031(2) .483(3)
02 .5383(3) .8737(1) .0542(2) H5 .029(5) .046(3) 438(3)
N1 1750(4) .0486(2) .3215(2) Hé6 274(5) .304(2) 443(3)
N2 .3647(4) .6230(2) .1419(3) H7 .841(6) .705(3) .025(4)
N3 .6919(3) .1624(2) 0776(2) H8 .704(5) .871(2) .370(3)
N4 .9199(4) .1209(2) 1223(2) H9 .541(5) .353(2) 219(3)
C1 .3595(5) .5694(2) .2005(3) H10 .329(5) .765(2) .335(3)
C2 .2000(5) 4963(2) .2298(3) H91 .469(5) .236(2) .341(3)
C3 .0418(2) A4828(2) .1944(3) H92 467(6) 175(3) .242(4)
C4 .0029(5) 4363(2) .2508(3) H101 .485(5) .143(2) A438(3)
C5 .1423(5) 9242(2) 2792(3) H102 417(4) .081(2) .356(3)
Cé6 .2518(5) 9575(2) .3660(3) Hi111 .844(5) .125(2) 473(3)
C7 .7869(5) .5033(3) .0774(3) H112 .735(5) 173(2) .495(3)
C8 9322(5) .5160(2) .1060(3) H121 .281(5) .763(3) 117(4)
C9 .5403(5) .6805(4) 1878(5) H122 .829(5) 214(3) .357(4)
C10 .5454(9) .6327(4) .1278(4) H123 .902(5) .247(3) 468(4)
Ci11 .7658(5) 1572(3) .4407(3) H211 .928(5) .642(2) .225(3)
C12 .1874(6) .7233(3) .0933(4) H212 .093(4) .664(2) .251(3)
C13 .7758(5) .1190(2) .0560(3) H221 901(5) .747(2) .381(3)
Cl4 4521(4) .6650(2) .4785(3) H222 .946(6) .766(3) - .235(5)
Ci15 .5236(5) 71230(2) .4479(3) H223 921(5) .265(3) .155(3)
Cl6 .3259(5) .2690(2) .4995(3) H231 .891(4) S71(2) .321(3)
C17 .7417(5) .7850(3) 4751(4) H232 .019(5) .542(2) 415(3)
C18 .6576(6) .8322(2) .3950(4) H241 .150(4) .088(2) .030(3)
C19 49217(5) .3243(2) .1582(3) H242 .007(5) .871(2) .033(3)
C20 .5596(5) 2711(12) 1317(3) H243 .125(4) .163(2) 072(3)
C21 9750(6) .1641(2) .2180(3)

C22 .0049(6) .2399(3) .2039(4)

C23 0275(5) 0795(2) .1068(3)

C24 .0789(5) .1183(2) .0403(4)

concerning the hindered rotation of the diethyl-
amino groups about the C—N bond (AG=76.1
kJ mol™!).2° The atoms of the chelate rings are
nearly coplanar. The distances of the atoms from
the least squares ring planes are given in Table 3.
The angle between these planes is 3.50°.

One ethyl group attached to N2 is disordered.
Such disorder was also observed in the previously
determined planar palladium complex of the title
ligand,'” but not in the tetrahedral copper com-
plex.'® This kind of disorder is quite common in
terminal alkyl groups of dialkylthiocarbamate com-
plexes. 30732

The interchelate distance between S1 and S2
(2.881(2) A) in the present nickel complex is shorter
than the corresponding distance in the palladium
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and copper complexes (3.12 and 3.14 A),'7!® and
is much shorter than the sum of van der Waals radii
(3.70 A).33

Gray et al>* have suggested that a relatively
short interligand S—S distance (3.18—298 A)
could indicate some residual S —S interaction. Also
Amma et al.'° have concluded that there is some
residual S—S interchelate bonding in bis(dithio-
biureato)nickel(IT) in which the interchelate S—S
distance is 3.220 A and the intrachelate S—S
distance is 2.895 A. In our nickel complex the
interchelate S—S distance is one of the shortest
non-bonded S—§ distances observed.?:10-34740

In the unit cell the molecules form centrosym-
metric pairs. The molecules in the dimers lie almost
directly above each other, and the Ni— Ni distance
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Table 2. Interatomic distances (A) and angles (°) with standard deviations.

Ni—St 2.123(2) S1-Ni—S2
Ni—O1 1.863(3) S1-Ni—Ol
Ni—S2 2.144(1) O1-Ni-02
Ni—02 1.856(3) S2—-Ni—02
S1-Cl 1.731(4) Ni—S1—Cl
01-C2 1.252(4) Ni—O1-C2
N1-Cl 1.339(6) Ni—C2-C13
N1-C2 1.327(6) Ni—02-Cl4
N2—Cl 1.332(7)

N2—C9 1.940(10) C1-N1-C2
N2-Cl1 1.465(5) C1-N2-C9
C2-C3 1.496(7) C1-N2-Cll1
C3-C4 1.386(7) C9—N2-Cll1
C3-C8 1.397(5) S1-C1—N1
C4—C5 1.381(7) S1-C1—N2
C5-C6 1.384(6) N1-Cl1-N2
C6—-C7 1.379(8) 01-C2-NI
C7-C8 1.388(7) 01-C2-C3
C9-C10 1.274(11) NI-C2-C3
Cl1-C12 1.489(8) C2-C3-C4
S2-C13 1.732(4) C2-C3-C8
02-Cl4 1.265(4) C4-C3-C8
N3-C13 1.335(6) C3-C3-C5
N3—Cl4 1.324(5) C4-C5-C6
N4—C13 1.345(5) C5-C6—C7
N4-C21 1.475(5)

N4-C23 1.467(7)

C14-C15 1.496(6)

C15—C20 1.393(5)

C16—C17 1.376(8)

C17-C18 1.388(6)

C18—C19 1.386(7)

C19—C20 1.368(7)

C21-C22 1.469(5)

C23-C24 1.508(8)

S1-S2 2.881(2)

84.9(1) C6—C7-C8 121.2(4)
94.5(1) C3-C8-C7 119.8(5)
86.2(1) N2-C9-C10 74.2(6)
94.4(1) N2-Cl11-C12 113.6(4)
109.7(2) CI3—-N3-Cl4 123.6(3)
134.1(3) CI13—N4—C21 119.8(4)
108.7(2) C13—N4-C23 123.33)
133.1(3) C21-N4—C23 1169(3)
S2-C13—N3 127.6(3)
122.83) S2~C13—N4 115.7(4)
120.5(3) N3-C13—N4 116.6(3)
123.1(4) 02—-C14—N3 130.0(4)
113.6(4) 02-C14-N15 115.03)
128.6(4) N3-Cl14—CI5 115.003)
116.4(4) Cl14—C15—C16 120.4(3)
115.0(3) C14—C15-C20 120.7(4)
130.1(4) C16—C15—C20 118.9(4)
115.6(4) C15-C16—C17 121.2(4)
114.2(3) C16—C17-Cl18 119.2(5)
119.4(3) C17-C18-C19 119.8(5)
121.7(4) C18—C19—C20 120.7(4)
118.9(4) C15-C20-C19 120.0(4)
120.4(4) N4-C21-C22 113.2(4)
121.1(5) N4 —C23-C24 113.1(4)
118.6(5)

Table 3. The distance of the chelate ring atoms
from the least squares plane.

Atom Distance (A)
Ni 0.03
01 —-0.03
C2 0.00
N1 0.02
Cl1 0.00
S1 —-0.02
Ni —0.11
02 0.04
Cl4 0.06
N3 —0.04
Cl13 —0.08
S2 0.13

is 405 A. The Ni—Ni line forms an angle of 77.6°
with the coordination plane (Ni, O1, O2, S1, S2).
In N,N’-ethylenebis(salicylideneiminato)nickel(II)*!
and  N,N’-ethylenebis[(2-hydroxo-1-naphtyl)me-
thaniminato]-nickel(I)** the very small Ni—Ni
distances (3.21 and 3.324 A, respectively) have led
to a pairing of the molecules while an Ni— Ni chain
exists in bis(dimethylglyoximato)nickel(IT),** with
an Ni— Ni distance of 3.25 A.

The unusual paramagnetism of the present com-
pound is not directly explainable from the geometry
of the complex molecule.

Acta Chem. Scand. A 36 (1982) No. 6



REFERENCES

L.
2.
3.

10.
11.

12.

13.
14.
15.
16.
17.

18.
19.

20.
21.

22.

23.

Chiesi Villa, A., Mangia, A., Nardelli, M. and
Pelizzi, G. J. Cryst. Mol. Struct. 1 (1971) 285.
Girling, R. L. and Amma, E. L. Acta Crystallogr.
B 32 (1976) 2903.

Battaglia, L. P., Bonamartini Corradi, A,
Pelizzi, G. and Vidoni Tani, M. E. J. Chem.
Soc. Dalton Trans. (1977) 1141,

. Battaglia, L. P., Bonamartini Corradi, A,

Nardelli, M. and Vidoni Tani, M. E. J. Chem.
Soc. Dalton Trans. (1978) 583.

. Griffith, E. A. H., Spofford, W. A, III and

Amma, E. L. Inorg. Chem. 17 (1978) 1913.

. Spofford, W. A. and Amma, E. L. J. Cryst. Mol.

Struct. 6 (1976) 235.

. Bosman, W. P. and Gal, A. W. Cryst. Struct.

Commun. 5 (1976) 703.

. Domiano, P. and Tiripicchio, P. Cryst. Struct.

Commun. 1 (1972) 107.

. Bonamartini Corradi, A, Mangia, A. and

Pelizzi, E. Cryst. Struct. Commun. 2 (1973) 73.
Luth, H, Hall, E. A,, Spofford, W. A.and Amma,
E. L. J. Chem. Soc. Chem. Commun. (1969) 520.
Belicchi Ferrari, M. and Fava Gasparri, G.
Cryst. Struct. Commun. 5 (1976) 935.

Belicchi Ferrari, M. and Fava Gasparri, G.
and Montenero, A. Cryst. Struct. Commun. 4
(1975) 577.

Tarantelli, T., Riccieri, P. and Furlani, C. J.
Inorg. Nucl. Chem. 31 (1969) 3585.

Furlani, C,, Tarantelli, T. and Riccieri, P. J.
Inorg. Nucl. Chem. 33 (1971) 1389.

Tarantelli, T. and Furlani, C. J. Inorg. Nucl.
Chem. 34 (1972) 999.

Furlani, C. and Tarantelli, T. Gazz. Chim. Ital.
103 (1973) 951.

Firzl, G, Beyer, L., Sieler, J., Richter, R., Kaiser,
J. and Hoyer, E. Z. Anorg. Allg. Chem. 433
(1977) 237.

Richter, R., Beyer, L. and Kaiser, J. Z. Anorg.
Allg. Chem. 461 (1980) 67.

Beyer, L., Hoyer, E,, Hennig, H., Kirmse, R,
Hartmann, H. and Liebscher, J. J. Prakt. Chem.
317 (1975) 829.

Uhling, E. Coord. Chem. Rev. 10 (1973) 227.
Main, P, Hull, S. E,, Lessinger, L., Germain, G.,
Declercq, J. P. and Woolfson, M. M. MULTAN.
A System of Computer Programs for the Auto-
matic Solution of Crystal Structures from X-Ray
Diffraction Data, Universities of York, England
and Louvain-la-Neuve, Belgium, 1978.

The X-Ray System, Version of 1976, Technical
Report TR-446, Computer Science Center,
University of Maryland, College Park 1976.
Cromer, D. T. and Mann, J. B. Acta Crystallogr.
A 24 (1968) 321.

Acta Chem. Scand. A 36 (1982) No. 6

24,
25.
26.

217.
28.
29.

30.
31
32
33.

34.
3s.
36.

37.
38.
39.

41.

42.
43

C,4H,oN,0,S,Ni 545
Stewart, R. F., Davidson, E. R. and Simpson,
W. T. J. Chem. Phys. 42 (1965) 3175.

Sieler, J., Uhlemann, E., Thomas, P. and Hohne,
E. Z. Anorg. Allg. Chem. 380 (1971) 160.
Siiman, O., Titus, D. D., Cowman, C. D., Fresco,
J. and Gray, H. B. J. Am. Chem. Soc. 96 (1974)
2353.

Kutschabsky, L. Z. Anorg. Allg. Chem. 404
(1974) 239.

Bosman, W. P. and van der Linden, H. G. M.
J. Chem. Soc. Chem. Commun. (1977) 714.
Beyer, L., Behrendt, S., Kleinpeter, E., Borsdorf,
R. and Hoyer, E. Z. Anorg. Allg. Chem. 437
(1977) 282.

Hesse, R. and Nilson, L. Acta Chem. Scand. 23
(1969) 825.

Hesse, R. and Aava, U. Acta Chem. Scand. 24
(1970) 1355.

Bosman, W. P. and Nieuwpoort, A. Inorg. Chem.
15 (1976) 775.

Pauling, L. Nature of the Chemical Bond, Cornell
University Press, New York 1960, 3rd Ed,
p. 260.

Stiefel, E. 1., Dori, Z. and Gray, H. B. J. Am.
Chem. Soc. 89 (1967) 3353.

Pignedoli, A., Peyronel, G. and Antolini, L.
Gazz. Chim. Ital. 102 (1972) 679.

Smith, A. E., Schrauzer, G. N,, Mayweg, V. P.
and Heinrich, W. J. Am. Chem. Soc. 87 (1965)
5798.

Bennett, M. J., Cowie, M., Martin, J. L. and
Takats, J. J. Am. Chem. Soc. 95 (1973) 7504.
Johnston, D. L., Rohrbaugh, W. L. and Hor-
rocks, W. D., Jr. Inorg. Chem. 10 (1971) 1474.
Brown, G. F. and Stiefel, E. 1. Inorg. Chem. 12
(1973) 2140.

. Leipold, J. G. and Coppens, P. Inorg. Chem. 12

(1973) 2269.

Shkol'nikova, L. M., Yumal, E. M., Shugam,
E. A. and Voblikova, V. A. Zh. Strukt. Khim. 11
(1970) 886.

Akhtar, F. Acta Crystallogr. B 37 (1981) 84.
Godycki, L. E. and Rundle, R. E. Acta Crystal-
logr. 6 (1953) 487.

Received October 5, 1981.



