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The addition of trans-bis[4-methoxyphenyl(3-methylbutyl)dithiophosphinato]nickel(Il) with pyridine (py) gave the
{bispyridine-bis[4-methoxyphenyl(3-methylbutyl)dithiophosphinato] }nickel(Il) [Ni(Py).(L).] complex. The structure of
the complex has been characterized by X-ray diffraction. Ni(Il)dithiophosphinato complex was reported' to be of square-
planar geometry while the latter compound was of a octahedral coordination geometry. It crystallizes in monoclinic
system, space group P2,/n, with lattice parameters a = 12.4968(12)A, b = 9.7051(10)A, ¢ = 16.0975(17)A, (B =
101.734(8)°, Z=2, (u=0.84 mm, § = 1.003, R = 0.0437 and wR = 0.1017 for 3562 observed reflections. The structure

was solved by direct methods using the SHELX-97 program and refined on F?.
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The dithiophosphinate (DTP) anions [R,PS;]- can act as
bidentate ligands with many transition metals to form stable
chelate complexes; consequently, these sulfur ligands are
suitable for solvent extraction of metals. An example of such
dithiophosphinates, known as CYANEX 301, has found use in
industry for metal extraction.>* Some of these complexes have
antitumor activity and are therefore the subject of chemotherapy
studies.*

A solution of trans-bis[4-methoxyphenyl(3-methylbutyl)-
dithiophosphinato]nickel(Il) in mixed chloroform-ethanol (1:1)
was heated. Exceed pyridene was added dropwise to this
solution with stirring. The color of the mixture changed rapidly
from dark blue to light brown. After two days, the green
complex was filtered and recrystallized from ethanol. The
solution was left to stand overnight to obtain crystals. Pyridine
complexes are unstable and additional ligands can be lost with
regeneration of the original complex. In order to prevent
decomposition, the green complex was isolated in a vacum
dessicator. Yield: 0.18 g (% 90). M.P. 188 - 190°C. Anal.
Calcd. for C33HiNaoNiO2P2S4 (763,64 g/mol): C, 53.5; H, 6.1; N,
3.8; S, 16.8; found: C, 53.4; H, 6.1; N, 3.7; S, 16.6. Fig 1 is
givien the chemical scheme of the compound.
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Fig. 1 Chemical diagram of [Ni(Py)x(L).].
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Single crystals of size 0.30 x 0.20 x 0.15 mm were selected
for X-ray diffraction. The unit cell dimentions were found to be
on the basis of twenty-five preliminary reflections in the &range
of 10.47° - 18.06°. Crystal data were collected on an Enraf-
Nonius CAD4 diffractometer using graphite-monochoromated
Mo K, radiation (A = 0.71073 A). The intensity data were
collected by the @-26 scan mode within the 5.16° < 26 < 52.58°

Table 1 Crystal data and structure refinement parameters of
[Ni(Py)x(L)-]

Chemical Formula: C3;H4NoNiO,P»Sy
Formula weight = 763.62
T=293K

Crystal system: monoclinic
a=12.4968(12)A
b=9.7051(10)A
¢=16.0975(17)A
V=1911.5(3)A3

D, =0,399 g/cm?
Radiation: Mo K, (1=0.71073 A)

HU(Mo K,) = 0.841 mm™! F(00)=_804

Crystal sizes = 0.30 x 0.20 x 0.15 mm?

No. of reflections collected = 3738

No. of independent reflections = 3570

O range for data collection: 2.58 - 26.29°
Data/Restraints/Parameters = 3738/0/205

Goodness-of-fit on F? = 1.002

R indices [/ >20(l)]: R1 =0.0441, wR2 = 0.1031

R indices (all data): R1 = 0.0973, wR2 = 0.1205

(A O)max = 0.000

(AP)max = 0.527 eA-3 (AP)min = —0.349 eA-2
Measurement: Enraf-Nonius CAD4

Program system: Enraf-Nonius CAD4 Express

Structure determination: WinGX (SHELXL and SHELXS)
Refinement: full matrix

CCDC deposit number: 264281

Space group (no): P2,/n (14)
[ =101.734(8)°

Z=2
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Fig. 2 ORTEP III diagram of [Ni(Py),(L).], showing the molecular
numbering scheme. Displacement ellipsoids are drawn at 50%
probability for all atoms, except for H, for which they have been set
to be artificially small.

Table 2 Hydrogen bonding geometry (A, °)

D-H-A D-H H-A D-A D-H-A
C2-H2--S2i 0.898 2876  3.350(4) 114
C17-H17--S1i 1.023 2819  3.378(4) 114
C6-H6--O' 0970 2517 3.466(5) 166
CI3-HI3-Sl# 0930 2814  3.353(4) 116

Symmetry codes: (i) x, y, z; (i1) —x+3/2, y—1/2, —z+1/2; (iii) —x+1, —y+1,
—z+1.

range with =15 < h <0, -12 <k <0 and —19 </ <20 in the
monoclinic crystal system. Out of 3738 unique reflections,
2363 with I > 20(l) were used for the structure solution and
refinement. Data were corrected for Lorenz and polarization
effects. The structure was solved in monoclinic space group
P2,/n by the combination of direct and Fourier techniques, and
refined by full-matrix least squares. All non-hydrogen atoms
were refined anisotropically, whereas hydrogen atoms with a
riding model. An absorption correction was made to the the
data using psi-scan after obtaining the complete structural
model. The final refinement was converged to R = 0.0441, wR»
= 0.1031 using 205 parameters and 3570 data. The goodness-
of-fit on F? was 1.002 and the maximum shift/e.s.d was 0.000.
The WinGX package program and ORTEPIII were used to solve
and refine the structure and for molecular graphics. Crystal data
and structure refinement parameters of the compound are given
in Table 1.

The coordination environment of the [Ni(Py)»(L).] was found
to have an octahedral geometry. The complex is paramagnetic
and the ambient temperature NMR spectrum is so complex as to
make it awkward to comment on. The magnetic susceptibility
of the complex is compatible with the theoretical value (calcd.
Her = 2.82 uB; found ferr = 2.79 uB). The characteristic
asymmetric and symmetric P=S bands for [Ni(Py),(L).] were
observed at 619 cm™ and 546 cm™!, respectively.

Table 1 gives crystal data and on structure refinement and Fig.
2 is the orteb diagram created there for the molecular structure
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Table 3 Selected geometric parameters (A, °)

Ni—N 2.137(3) P—S1 2.0050 (13)

Ni—S1 2.4846 (9) P—S2 2.0059 (12)

Ni—S2 2.5044 (9) C4—0  1367(4)

P—Cl 1.809 (3) 0—C7  1413(5)

P—C8 1.809 (3)

N—Ni—S1  90.82 (8) C8—P—S2  110.50 (12)
N—Ni—S2  89.76 (8) S1—P—S2  110.09 (5)
S1—Ni—S2  82.43 (3) CI3—N—Ni 121.8(2)

Cl—P—C8 105.64(16) Cl7—N—Ni 121.1(3)

Cl—P—S1  109.43(11) P—SI1—Ni 8321 (4)

C8—P—S1  109.53(13) P—S2—Ni  82.68(4)

Cl—P—S2  111.54(12)

Cl—P—SI—Ni  -11193(12) CI—P—S2—Ni  110.76 (12)
C8—P—S1—Ni 13270 (13)  C8—P—S2—Ni  —132.04(13)
S2—P—S1—Ni 11.00 (5) SI—P—S2-Ni  -10.92(5)
N—Ni—81—P 81.33 (8) N—Nij—82—P -82.53 (8)
S2—Ni—S1—P -8.32 (4) S1—Ni—S2—P 833 (4)

of [Ni(Py)»(L),]. The Ni atom lies on a crystallographic centre
of symmetry, and has a slightly distorted octahedral
coordination with four-S atoms at the corners of a square and
two trans-configured pyridine rings. The angle between the
planes Ni-S1-S2 and P-S1-S2 was measured to be 165.47(7),
indicating a 14.53° buckling. Again, Ni-S1-P and Ni-S2-P are
not coplanar and the four-membered ring Ni-S1-P-S2 can
conveniently be called twisted chair. The ring Ni-S1-P-S2 was
calculated to have a total wrinkle of —0.1802(9)A.5

The Ni-S1 and Ni-S2 bond lengths are 2.4845(1) and 2.5049(9)
A; S1-S2 and S1-S2 are 3.287 and 3.753 A, respectively. The
internal angles of the square formed by the four S atoms are all
close to 90°, the deviations being less than a degree. This
indicated that the overal coordination geometry is pretty close to
octahedral. Ni atoms are located in the above mentioned
Resulty and the deviation is noteworthy. The P-S1, P-S2, P-C1
and P-C8 bond lengths are 2.005(1), 2.006(1), 1.808(3) and
1.809(3)A, respectively. ~ The data reported for similar
structures' are consistent with ours.

The dihedral angles between the plane formed by sulfur and
nickel atoms and the pyridine ring is 95.12(9)°. The same
central square forms another dihedral angle of 105.92(7)° with
the phenyl ring. The angle between the pyridine and the phenyl
rings is measured to be 31.64(13)".

The hydrogen bonding geometry is given in Table 2. In the
crystal form of the complex there imvolves two intramolecular
and two intermolecular hydrogen bonds of types C-H--S and
C-H--O. The intramolecular interactions, the donor-acceptor
distances, namely C2--S2, C17--S1, C6--O1 and C13--S1, are
3.349(4), 3.379(4), 3.466(5) and 3.352(4)A, respectively.
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