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P 0.7327 (1) —0.11240 (4) 0.8548 (1) 3.99 (4)
o(1) 0.7209 (3) —0.2022 (1) 0.8647 (3) 5.2(1)
0(2) 0.5536 (3) —0.1054 (1) 0.7429 (3) 5.7(1)
N(1) 0.8518 (3) 0.0886 (1) 0.8885 (2) 3.3(1)
N(2) 0.5255 (4) 0.2240 (2) 0.9188 (3) 49(1)
cm 0.7336 (4) 0.1254 (2) 0.9302 (3) 3.2(1)
C@2) 0.6419 (4) 0.1877 (2) 0.8667 (3) 3.6(1)
C(3) 0.6773 (5) 0.2130(2) 0.7521 (4) 4.8(2)
C(4) 0.7946 (5) 0.1750 (2) 0.7068 (4) 5.1(2)
C(5) 0.8806 (4) 0.1135Q2) 0.7756 (3) 4.2(1)
C(6) 0.8567 (5) —0.2455 (2) 0.9560 (5) 6.0(2)
C 0.8140 (6) -0.3272 (2) 09377 (5) 6.6 (2)
C(8) 0.4778 (6) —0.0334 (3) 0.6971 (5) 7.4(2)
(&[] 0.3026 (7) —0.0426 (3) 0.6156 (6) 9.1(3)

Table 2. Selected geometric parameters (A, )

Ni—N(I) 2,103 (3) Ni—N(1') 2.103 (3)
Ni—S(I) 2.491 (2) Ni—S(1") 2491 (2)
Ni—S(2) 2.505 (3) Ni—S(2") 2.505 (3)
P—S(1) 1.977 (2) P—0(2) 1.582 (3)
O(1)—C(6) 1.446 (5) 0(2—C(8) 1.430 (5)
N(1)—Ni—N(") 180.00 S(1)>—Ni—S(2) 81.58 (7)
N(1)—Ni—S(1) 89.71(9) N(1'—Ni—S(2) 90.1 (1)
N(1)—Ni—S(2) 89.9(1) S(1)—Ni—N(1") 90.29 (9)
S(1)—P—S(2) 111.52 (8) O(1)—P—0(2) 93.8(2)
O(1)—P—s(1) 112.2(1) 0O(2)—P—S(2) 112.2(1)

Symmetry code: (i) 2 —x, —y,2 — z.

Data were collected using CONTROL software (Molecular
Structure Corporation, 1988). The structure was solved by
direct methods using MITHRIL (Gilmore, 1983); the heavy
atom Ni was located in an £ map and the remaining non-
H atoms were located using DIRDIF (Beurskens, 1984). H
atoms were placed in geometrically calculated positions (C—
H = 0.95A) and were not included in the refinement. The
structure was refined by full-matrix least-squares techniques
with anisotropic displacement parameters for all non-H atoms.
Calculations were performed on a VAX3100 computer using
the TEXSAN (Molecular Structure Corporation, 1985) program
package.

This work was supported by a grant for a Major
Project from the State Science and Technology Com-
mission, and the National Science Foundation of China,
as well as the State Key Laboratory of Tribology of
Tsinghua University.

Lists of structure factors, torsion angles, least-squares-planes data,
anisotropic displacement parameters, H-atom coordinates and bond
distances and angles involving H atoms have been deposited with
the IUCr (Reference: AB1261). Copies may be obtained through The
Managing Editor, Intemnational Union of Crystallography, 5 Abbey
Square, Chester CHI 2HU, England.
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Abstract

In the title compound, [Ni{(CsHg0);PS;}2(CoH7N)2],
the metal atom is coordinated in a distorted octahedral
arrangement with the central Ni atom lying in the plane
formed by the four S atoms and with the two iso-
quinoline moieties in trans positions. The Ni—S bond
distances are 2.491 (3) and 2.498(2) A and the Ni—N
distances are 2.103 (4) A.

Comment

In recent years, adducts of nickel(Il) dialkyl dithio-
phosphate with neutral nitrogen bases have received
increasing attention, partly because of the reactivity
of a variety of nitrogen bases with nickel(I) dialkyl
dithiophosphate in solution (Liu et al., 1991; You,
Xiong, Dong & Huang, 1994; You et al., 1991).
Furthermore, the amines in lubricating oil have a
great influence on the properties of metal dialkyl di-
thiophosphate additives (Shiomi, Tokashiki, Tomizawa
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& Kuribayashi, 1989). It is interesting to investigate
further the interaction between metal dialkyl dithio-
phosphates and amines. We report here the crystal
structure of [Ni{(C4Hy0),PS;}2(CoH;N),], (I), which
displays octahedral geometry (Liu, Lin, Xu, Yu & You,
1987).

BuO s OBu

N
mo” 57|
N

{

A perspective view of the title adduct with the atomic
numbering scheme is shown in Fig. 1. The Ni atom
lies on a crystallographic centre of symmetry and has
distorted octahedral coordination from two isoquinoline
ligands and two 0,0’-dibutyl dithiophosphate biden-
tate ligands. The isoquinoline ring is almost planar;
the mean deviation from the best plane is 0.0224 A.
The plane through Ni, S, and P is almost perpen-
dicular to the plane of the isoquinoline ring, form-
ing a dihedral angle of 89.05°. The S(1)—Ni—S(2)
angle is 81.53(8)°, which is in reasonable agreement
with that of [Ni{(C;Hs0),PS;},py.] [81.7 (1)°; Ooi &
Fernando, 1967] and that of [Ni{(C4H90)2PSZ}2py2]
[81.53(8)°; Liu et al, 1987]. Similarly, the Ni—
N [2.103(4)A] and Ni—S [2.491(3)-2.498(2) A]
bond lengths are basically consistent with those
of [Ni{(C;HsO),PS;}opy,] [2.11(1) and 2.49 (1)-
2.50(1) A] and [Ni{(C4H90),PS;},py2] [2.116 (4) and
2.486 (1)-2.511 (1) A]. The terminal C atom, C24, of
one of the butyl groups was found to be disordered.

Fig. 1. Molecular structure of (I) showing 50% probability displace-
ment ellipsoids for non-H atoms except for the C atoms of the butyl
chains which are represented by spheres of arbitrary radii. H atoms
are omitted for clarity.

[Ni(CgH,30,PS;),(CoH7N);]

Experimental

[Ni{(C4Hs0),PS;},] was dissolved in ethanol and excess iso-
quinoline was added until the colour of the solution changed
from purple to green. Green column crystals of the title adduct
were obtained by evaporation at room temperature for two

weeks.

Crystal data

[Ni(CgH302PS;)2(CoH;N);]
M, = 799.67

Monoclinic

P21/C

a=6.860(8) A
b=18938(2) A
c=16224(4) A

B =9278(7)°
vV =21052) A3
Z=2

D; =126 Mg m~?

Data collection

Enraf~Nonius CAD-4
diffractometer

w/26 scans

Absorption correction:
refined from AF

(DIFABS; Walker &

Stuart, 1983)

Tmin = 0.76, Tmax = 1.00
4171 measured reflections
3832 independent reflections
2341 observed reflections

[l > 3o()]

Refinement

Refinement on F

R =0.049

wR = 0.058

§S=127

2341 reflections

213 parameters

H-atom parameters not
refined

w = 1/oX(F)

Mo Ka radiation

A =0.71069 A

Cell parameters from 25
reflections

6 = 10.20-11.70°

x=0.761 mm™!
T=296K
Column

042 x 0.18 x 0.12 mm
Green

Rine = 0.031
amax=25°
h=0—38
k=-22-0
l=-19 - 19

3 standard reflections
monitored every 300
reflections
intensity decay: 7.0%

(A/U)max = 0.15°

Apmax =033 e A3

Apmin = —030e A3

Extinction correction: none

Atomic scattering factors
from [nternational Tables
for X-ray Crystallography
(1974, Vol. IV)

Table 1. Fractional atomic coordinates and isotropic or
equivalent isotropic displacement parameters (A?)

Biso for C24 and C24'; Beq = (87%/3)X;X;U;;a; a7 a,.a; for others.

X z Beq/Biso
Ni 1/2 0 0 3.76 (4)
S(1) 0.3851(2) 0.07818 (7) 0.11175 (8) 5.24 (6)
S(2) 0.8159 (2) 0.05903 (7) 0.03866 (8) 5.12(6)
P 0.6598 (2) 0.10935 (7) 0.11977 (9) 5.36 (1)
o(1) 0.6800 (6) 0.1923 (2) 0.1137 (3) 7.1(2)
0(2) 0.7533 (6) 0.1042 (2) 0.2109 (2) 7.7(2)
N 0.4374 (5) 0.0802 (2) —0.0870 (2) 4.1(2)
c 0.5698 (7) 0.0994 (3) —0.1436 (3) 4.8(2)
C(2) 0.5339(7) 0.1522(3) —0.1985 (3) 55@3)
C(3) 0.2689 (6) 0.1133 (2) —0.0896 (3) 4.4(2)
C(4) 0.311 (1) 0.2458 (3) —0.2560 (4) 7.1(3)
C(5) 0.136 (1) 0.2771 (3) —0.2547 (4) 8.3 (4)
C(6) —-0.0014 (9) 0.2563 (3) —0.1994 (5) 8.2(4)
C(n 0.0383 (7) 0.2034 (3) —0.1454 (9) 6.3(3)
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c(@8) 0.2198 (7) 0.1688 (3) —0.1442 (3) 48(Q2)
C) 0.3593 (7) 0.1893 (3) —~0.2012 (3) 5.1(2)
can 0.636 (2) 0.2291 (4) 0.0402 (6) 16.4 (8)
C(12) 0.622 (3) 0.2978 (6) 0.0390 (8) 21 (1)
C(13) 0.552 (4) 0.3362 (8) —0.034 (1) 24 (2)
C(14) 0.433 (6) 0.379(2) —0.032(2) 42 (4)
c@i) 0.769 (2) 0.0368 (5) 0.2507 (5) 14.5(7)
C(22) 0.936 (3) 0.0321 (7) 0.307 (1) 22(1)
C(23) 1.023 (3) —0.043 (2) 0.330 (2) 29(2)
C(24) 1171 (7) ~0.031 (2) 0.358 (3) 25(2)
C(24") 0.897 (1) —0.049 (3) 0.369 (3) 23(2)
Table 2. Selected geometric parameters (A, °)
Ni—N 2.103 (4) Ni—S(1) 2.498 (2)
Ni—S(2) 2.491 (3) P—S(1) 1.973 (3)
P—S(2) 1.981 (2) P—O(1) 1.581 (4)
P—O(2) 1.587 (4) N—C(1) 1.371 (5)
N—C(3) 1.315 (5) o(1)—C(11) 1.40 (1)
0(2—C(21) 1.43 (1)
N—Ni—N' 180.00 S(1)—Ni—S(2) 81.53 (8)
N—Ni—S(1) 89.9 (1) N—Ni—S(2) 89.5 (1)
S(1)—P—S(2) 111.0(1) 0(1)—P—0(2) 94.9(2)

Symmetry code: (i) 1 — x, —y, —z.

Data collection was performed using CAD-4 Software (Enraf-
Nonius, 1989). The w-scan width was (0.45 + 0.35tan6)°
and the scan speed was 1-5.46° min~'. The structure was
solved by direct methods and difference syntheses, and refined
with anisotropic displacement parameters for all non-H atoms
except C24, which was found to be disordered. Calculations
were performed on a VAX3100 computer using the TEXSAN
(Molecular Structure Corporation, 1985) program package.
Molecular graphics were prepared using ORTEPII (Johnson,
1976).

This work was supported by a grant for a Major
Project from the State Science and Technology Com-
mission, and the National Science Foundation of China,
as well as the State Key Laboratory of Tribology of
Tsinghua University.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates, least-squares-planes data and complete geometry
have been deposited with the IUCr (Reference: CR1171). Copies may
be obtained through The Managing Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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Abstract

The structures of three cobalt complexes, [1,4- blS(]-
propynyl)-2,3-dimethyl-1,3-butadiene-1,4- diyl]1(n’-
cycIopemadlenyl)(mphenylphosphme)cobalt [Co(CsH5)-
(C12H12)(CisH;sP)], (1°-cyclopentadienyl)[2,4-diphenyl-
1,3-bis(phenylethynyl)-1,3-butadiene-1,4-diyl](triphenyl-
phosphine)cobalt [CO(C5H5)(C32H20)(C]8H15P)], and
{n*-1,3-bis(trimethylsilyl)-2,4-bis[4'- (tnmethylsﬂyl-
ethynyl)biphenyl-4- yl]cyclobutadlene}(n -cyclopenta-
dienyl)cobalt, [Co(CsHs)(CasHs,Sis)], have been de-
termined by single-crystal X-ray diffraction.

Comment

Dialkynylcobaltacyclopentadiene complexes were ob-
tained from the reaction of (CsHs)Co(PPh3); with con-
jugated diacetylenes. In order to identify geometric
isomers, X-ray structure analyses have been carried out.
The syntheses and electrochemical properties of the
complexes have been published elsewhere (Shimura et
al., 1995).

Ry Ry R3 Rz

+ 2R,C=CRy R Z/ \S R |

~PPh, “Teg 1 PPh Ry Ry
cp’ "PPhy &

D (I
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CpCa(PPhg),

() Ry=R4=C=C-Me,Ry;=R3=Me
() Ry=R3=C=C-Ph,Ry;=R,=Ph
(1) Ry = Ry = SiMey, R, = Ry = CgHs-CgH,-C=C-SiMeg
(IV) R; =Ry =Rz=R,s=C¢Fs (Gastinger etal., 1976 )

Complex (I), {1,4- bls(l -propynyl)-2,3-dimethyl-
1,3-butadiene-1,4-diyl]1(n’ cyclopentadlenyl)(mphenyl-
phosphine ) cobalt, has chemical mirror symmetry
through the Co—P axis and the midpoint of C2—C3.
The two —C=C—Me groups are bonded to C1 and C4
of the metallacycle.
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