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Structure of Bis(thiocyanato-/V)bis(thiosemicarbazide-N",S)nickel(II):
a Redetermination

By N. R. SREENIVASA KUMAR, M. NETHAJI AND K. C. PATIL*

Department of Inorganic and Physical Chemistry, Indian Institute of Science, Bangalore-560012, India

(Received 15 June 1990; accepted 28 November 1990)

Abstract. [Ni(NCS),(CH;sN;S),], M, =356-7, mono-
clinic, P2,/e, a=5297(), b=7869(l), c=
16:078 2) A, B =91-53 (1)°, V=6699 A*>, Z=2, D,
=176, D, =1771 gem 3, A(Mo Ka) =0-71069 A,
4 =199cm™', F000) =364, T=295K, final R=
0-026 for 1576 significant [F > 100(F)] reflections.
The complex lies on a crystallographic centre of
symmetry. The Ni atom is octahedrally coordinated
by two thiocyanates (through N atoms) and by two
thiosemicarbazide molecules (through hydrazinic N
and S atoms). The crystal structure is stabilized by
N—H:--S hydrogen bonds. Early work on this struc-
ture [Garaj & Dunaj-Jurco (1968). Chem. Commun.
p. 518) used photographic data and was refined to R
=(-13 for 512 reflections.

Introduction. Metal complexes of the thiosemicarba-
zide (TSC) molecule have been widely studied
because of their broad pharmacological activity
(Akbar Ali & Livingstone, 1974; Campbell, 1975).
The activity of TSC and related species is thought to
be dependent on metal—chelate formation and has
led to the study of a large number of nickel(Il)
complexes (e.g. Lopez-Castro & Truter, 1963).
Preparation and magnetic properties (Sirota, Sramko
& Kohout, 1966) and structure (Garaj & Dunaj-
Jurco, 1968) have previously been reported for the
title compound. However, the structure is imprecise
(R=0-13) as the data were recorded photo-

* To whom correspondence should be addressed.
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graphically (512 reflections). We report here a
redetermination based on diffractometer data.

Experimental. The title compound was prepared by
decomposing N,H;Ni(N,H;C0O);.H,O (Braibanti,
Bigliardi, Lanfredi & Tiripicchio, 1966) in aqueous
thiocyanic acid; D,, measured by flotation using a
mixture of chloroform and bromoform. Dark blue

Fig. 1. ORTEPII diagram (Johnson, 1976) and atom-numbering
scheme. Non-H ellipsoids at 50% probability level. H atoms
given arbitrary radii.

© 1991 International Union of Crystallography
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crystal, 0-25 x 0-1 x 0-1 mm, recrystallized from hot
water; Enraf-Nonius CAD-4 diffractometer with
graphite-monochromated Mo Ka radiation; cell
dimensions by least-squares fit of 25 reflections (18 <
20 < 40°); 26, = 57°. Total number of reflections
2540 (w-260 mode), unique data 2140 and 1576
observed with F>100(F); 0<h=<7, O0<k=<ll,
—23 </=<23; Lorentz and polarization corrections,
no absorption correction; R;,, = 0-038; three stand-
ard reflections (233, 148, 257) measured every 100
reflections showed no significant decay. Structure
solution by Patterson and Fourier methods. H atoms
from 4p map. Full-matrix least-squares refinement
on |F,|, anisotropic for non-H atoms and isotropic
for H atoms. Final R =0-026 and wR = 0-030 where
w=19247/[c*(F,) + 0-000311F,%; S=1-16. Final
(A/a)max = 0001, (Ap)max =034 and (Ap)min =
-068e A~3 Atomic scattering factors and
anomalous-dispersion corrections from International
Tables for X-ray Crystallography (1974, Vol. IV). All
calculations based on |F| wusing SHELXT76
(Sheldrick, 1976) were carried out on a DEC 1090
computer.

Discussion. The molecular structure of the title com-
pound is shown in Fig. 1. Atomic parameters are
given in Table 1.* Bond distances and angles are
given in Table 2. The Ni atom, at a centre of
symmetry, is octahedrally coordinated by two N-
thiocyanato ligands and by two chelating TSC mol-
ecules.

Free TSC is known to adopt a frans configuration,
the non-H atoms being essentially coplanar (a).
However, the only complexes so far known to con-
tain TSC in this configuration are polymeric Ag'
complexes (Campbell, 1975). Here, as in all other
complexes, TSC is observed to adopt a cis configu-
ration (b) and is bidentate, bonding through sulfur
and the hydrazinic nitrogen.

~n | \T/
|
N\C/N\ N\C/S
| |
S /N\
(a) (b)

Here, the Ni—S(2) distance is 2:4285 (5) A, shorter
than in nickel-thiourea complexes (Wilkinson,
Gillard & McCleverty, 1987). The TSC molecule is

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and bond lengths and angles involving H
atoms have been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 54117 (14
pp.). Copies may be obtained through The Technical Editor,
International Union of Crystallography, 5 Abbey Square, Chester
CHI 2HU, England.
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Table 1. Fractional atomic coordinates and equivalent
isotropic temperature factors (A?) for the title com-

pound
Uea = (1/3)2,2,U,;a*a*a,a,.
X y V4 ch
Ni 00 00 00 0-0195 (1)
N() 0-2318 (3) 0-1864 (2) 0-0514 (1) 0-0296 (7)
c) 03619 (3) 02874 (2) 00824 (1) 0-0242 (6)
s(1) 0-5523 (1) 0-4251 (1) 012872 (4) 0-0354 (2)
N(2) 0-2247 (3) =0-1935 (2) 0-0519 (1) 0-0254 (6)
N@3) 01399 (3)  -02605(2) 01279 (1) 00312 (7)
CQ) -00527(4)  -01943(2) 01670 (1) 0-0243 (6)
S(2) —02215(1)  -00242(1) 012978 (3) 0-0236 (2)
N@) -01129(4)  -02628(3) 02391 (1) 0-0417 (8)

Table 2. Bond lengths (A), bond angles (°) and hydro-
gen bonding in the title compound

Ni—N(1) 2071 (2) N@Q)—N@G) 1-415 (2)
Ni—N(2) 2:093 (2) C(2—NQ3) 1320 (3)
Ni—S(2) 2:429 (1) C(2—N@) 1-325 (2)
N()—C(1) 1-156 (2) C(2)—S(2) 1-709 (2)
C(1)—S(1) 1-645 (2)

N(1)—Ni—N(2) 918 (1) N(I)—C(1)—S(1) 1777 (2)
N(1)—Ni—S(2) 904 (1) N(2)—N(3)—C(2) 1221 (2)
N(@)—Ni—S(2) 833 (1) N(3)—C(2)—N(@4) 117-6 (2)
Ni—N(1)—C(1) 1778 (2) NG3)—C(2)—S(2) 1231 (1)
Ni—N(2)—N(3) 1152 (1) N(@&)—C(2)—S(2) 119:3 (2)
Ni—S(2)—C(2) 959 (1)

D—H-4 D—H H-4 DA  D—H-4
NQ)--HQ1)-5(29) 088 (4) 259 (4) 3428(2) 158 (3)
NQG)—H@1)-8(1%) 083 (5) 254 (4) 3300 (2) 153 (4)
NQ)—H(22)-8(19 087 (3) 291 (3) 3651 (2) 144 (3)
N@)—H@1)-S(19) 083 (@4) 271 (4) 3519(2) 166 (3)
N@)—H@2)-824) 080 (4) 263 4) 3408 (2) 165 (3)

Symmetry codes: (a) 1 tx, .50 x, —1+y,z;() 1 —x, —y,
-z (d)

1
-x, —1+p1-z

essentially planar with the nickel atom 0-161 (1) A
away from this plane. The angle between the plane
N@2)N3)C(2)S(2) and the plane N(Q)NiS(2) is
5-71 (5)°, considerably higher than the value of 1-5°
observed in trans-[Ni(NzH3—CS—NH2)2(H20)2](NO3)2
(Hazell, 1968). There are no significant changes in
the bond lengths N(2)—N(3) [1-415(2) A] and
C(2)—S(2) [1-709 (2) A] upon coordination, the cor-
respondinf values for free TSC being 1:411 (2) and
1:707 (2) A, respectively (Andreetti, Domiano, Gasp-
arri, Nardelli & Sgarabotto, 1970). The thiocyanate
group has N(1)—C(1)—S(1) =177-7 (2)° and Ni—
N(1)—C(1) = 177-8 (2)°. The Ni—N(1) bond length
[2-071 (2) A] is identical to the 2:07 A observed in
trans-Ni(NCS),(NH,), (Yukhno & Porai-Koshits,
1957). Crystal packing is stabilized by the N—H---S
intermolecular hydrogen bonds listed in Table 2.
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Structure of (13-CCl)Co3(CO),(u-dppm); a Chloroalkylidyne Capped Tricobalt
Cluster with a Bidentate Bis(diphenylphosphino)methane Ligand Bridging One Edge
of the Tricobalt Triangle
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Abstract. Heptacarbonyl-u;-chloromethylidyne-u-
[methanediylbis(diphenylphosphino)- P, P Jtricobalt-
(3Co-Co) isopentane solvate, [Cos(CCI)(C,sHasPs)-

(CO),.CsHy,, M,=876:83, triclinic, Pl, a=
12:050 (6), b=12-758(6), c=13-076 (6) A, a=
9588 (3), B=101-12(3), y=100-55(3)°, V=

1919(1) A3, Z=2, D,=152, D,(flotation)=
1-49 gecm ™3, A(Mo Ke) =0-7107 A, u(Mo Ka)=
14-71 cm ™!, F(000) = 892, T=295K, R=0-054 for
4774 independent reflections with I>3o(I). (us-
CC1)Co;(CO);(p-dppm) is the product of the reac-
tion of bis(diphenylphosphino)methane (dppm) and
chloroalkylidynenonacarbonyltricobalt (u;-CCl)Cos-
(CO),. A disordered solvent molecule (isopentane)
was included in the calculations using back Fourier
transform methods. The structure contains a triangle
of Co atoms capped by the chloroalkylidyne unit,
and with one of the edges of the Co triangle bridged
by the dppm unit. The Co—Co distances range from
2-483 (1) to 2492 (1) A. The other dimensions of
major interest are Co—P 2-200 (3) A and Co—C(Cl)
which range from 1-901 (5) to 1-858 (3) A.

Introduction. (u;-CCl)Co;(CO),(u-dppm) (1) is one
of a number of alkylidene tricobalt clusters contain-
ing a bidentate phosphine ligand synthesized recently
(Downard, Robinson & Simpson, 1986; Balavione,
Collin, Bonnet & Lavigne, 1985; Aime, Botta,
Gobetto, Osella & Molone, 1987; Bruce, Kehoe,
Matisons, Nicholson, Rieger & Williams, 1982). Few
have been fully characterized by X-ray crystallogra-

* Author to whom correspondence should be addressed.
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phy. This paper reports the crystal and molecular
structure of (1) synthesized by the benzophenone
ketyl radical anion catalyzed reaction of
(#3CC1)Co3(CO), with dppm. The structure can be
compared with the methyl analogue (2), the structure
of which has been determined twice (Balavione et al.,
1985; Downard et al., 1986). Values given here for
(2) are mean values unless otherwise stated.

Experimental. (u35-CCl)Co5(CO),(p-dppm) crystal-
lizes as black crystals (Bruce et al., 1982). An irregu-
lar crystal of maximum dimensions 0-28 x 0-29 X
0-09 mm was mounted on a quartz fiber and the
lattice parameters (7 = 295 K, 24 reflections 8 range
18-23°) were determined and refined with the least-
squares routine on an Enraf-Nonius CAD-4 four-
circle diffractometer equipped with a graphite mono-
chromator.

A total of 6741 unique reflections (6917 measured
reflections) were collected in the range 1-50 < 8 <
25-0° using an w26 scan mode. —14 <h <13, —15
<k<15, 0<l<15. The intensity of one standard
reflection was measured after every 2000 s of X-ray
exposure. Approximately 17% decomposition occur-
red during data collection. Lorentz, polarization and
absorption  corrections (Gaussian integration
method, maximum and minimum transmission fac-
tors were 0-874 and 0-679 respectively) were applied
to all reflections using locally written programs. 4774
independent reflections with 7> 30(I) were used in
the structure refinement calculations (on F) using
RAELS88 (Rae, 1984). Scattering factors for neutral
atoms were obtained from Ibers & Hamilton (1974).
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