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Abstract

The title compound, bis(nitrato-0,0’)tetrakis(triphenyl-
phosphine oxide-O)lanthanum(III)(1+)-bis(1, 1 -dimer-
captoethylene-2,2-dithiolato-S,S" ) nickelate (I1) (2— )—
methanol (2/1/2), consists of discrete [La(Ph;PO)s-
(NOs),]* cations, [Ni(C4N;S;);]%~ anions and methanol
solvent molecules. In the planar anion, the Ni!! atom
is located on an inversion center and is coordinated
symmetrically by two bidentate isomaleonitriledithiol-
ate ligands through their S atoms. In the cation, the
lanthanum(II1) center is linked to eight O atoms, four of
which are from four different triphenylphosphine oxide
ligands and four are from two bidentate nitrate groups
chelating the lanthanum(III) center on each side of the
approximate plane defined by the four Ph;PO ligands.

©1999 International Union of Crystallography
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[Ge(CH;3)3(CoHsNO4)]

Comment

In our previous papers dealing with metal com-
plexes of the isomaleonitriledithiolate (i-mnt) ligand,
we reported the mononuclear complexes (BusN),[Zn-
(i-mnt);], (Et4N);[Pd(i-mnt),] (Long er al., 1996) and
[Pd(Ph3P),(i-mnt)] (Long et al., 1997), and a mixed-
metal cluster compound (EyN);[PdWS,4(i-mnt)] (Long
et al., 1997). Recently, by employing sodium ions half-
capped by crown ethers as bridges, we obtained the one-
dimensional coordination polymers [{(benzo-15-crown-
5)Naj},M(i-mnt),],,, where M is Pd (Long, Chen et al.,
1998) or Ni (Long, Cui er al., 1998). In an attempt
to construct coordination polymers using La'' ions as
bridges, we produced the title ionic complex [La(NO3)>-
(Ph;PO)4]>[Ni(i-mnt);]-2CH;0H, (I).

+ -
0 1 NC_ ,(‘N—]
N 2
(e X6} /C\
Ph;PO N é/OPPh3 S\N/S
Ph3PO™/ \~OPPh, SN -2CH;OH
o O N
\ / g
N ¢
1y ,
e} NC™ “CN

As shown in Fig. 1, complex (I) consists of discrete
[La(OPPh;3)4(NOs),]* and [Ni(i-mnt);]~ ions; there are
no short cation—anion contacts. All the atoms in the
anion are coplanar to within 0.1 A. The nickel(I) cen-
ter lies on a crystallographic inversion center and is
symmetrically coordinated by two bidentate isomaleo-
nitriledithiolate ligands through their S atoms [Ni—S
2.2043 (12) and 2.2236 (12) A). The conformation of the
i-mnt ligand is similar to that found in [{(benzo-15-
crown-5)Na},Ni(i-mnt),],-nCH,Cl, and [{Ni(NH3),}-
Ni(i-mnt),;] (Zhu et al., 1995). Within each cation, the
La" atom is coordinated by eight O atoms; four of
these are derived from four triphenylphosphine oxide
ligands and form an approximate plane. Two bidentate
nitrate groups chelate the lanthanum(III) center on each
side of the plane of the four Ph;PO ligands. The coor-
dination polyhedron around the La"! atom is irregular,
with the main distortion being caused by the presence of
the small bidentate nitrate groups, but it can still be de-
scribed as a dodecahedron, with the two trapezia defined
by 01/012/011/04 and 02/03/021/022 intersecting at
an angle of 90.3(1)°. Wang er al. (1989) reported a six-
coordinated Ph;PO-lanthanum complex, [La(Ph;PO)s-
Cl][FeCly];, whilst a nine-coordinated example, [La-
(Ph3PO);(NOs);], was identified by Huang et al. (1987).
The title compound has P==0, La—OQO(Ph;PO) and La—
O(NOs3) bond distances comparable with those found in
the complexes reported earlier, although their coordina-
tion polyhedra are quite different.
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Fig. 1. The structure of the title molecule (SHELXTL:; Siemens,
1994b). The methanol solvent molecules and the H atoms have
been omitted for clarity. [Symmetry code: (i) 1 —x, —1 — y, —z.

Experimental

A solution of NiCl,-6H,O (0.12 g, 0.5 mmol) in methanol
(20 ml) was added with stirring to solid sodium isomaleo-
nitriledithiolate [Nay(i-mnt); 0.20 g, 1.0 mmol]. This mixture
was then mixed with another solution prepared from Ph;PO
(0.84 g, 3mmol) and La(NOs);-6H,O (0.43g, 1.0mol) in
methanol (20 ml). After filtration, the resulting solution was
reduced to a volume of about 15 ml, from which black crystals
were obtained. Crystals suitable for X-ray diffraction were
obtained from this solution by slow evaporation in air. IR
spectrum (KBr pellet, cm™'): 2199 [s, »(C=N)], 1491 (s),
1471 [s, v(C=C, Ph)], 1437 [vs, v(C==C, i-mnt)], 1144 (vs),
1122 [vs, v(P=0)], 1083 [s, v(P—C)], 1026 [m, v(C—S)].

Crystal data

[La(NO;)2(Ci1sHi5sOP)4]2- Mo Ko radiation

[Ni(C4N;S$5),]-2CH.O A =0.71073 A
M, = 3155.18 Cell parameters from 6759
Triclinic reflections

Pl 6 = 1.50-23.23°

1663
a=14.8435(3) A p = 0.882 mm™'
b=148573(2) A T=293(2)K
c=189784 4) A Block
o =107.983 (1)° 0.50 x 0.35 x 0.30 mm
B =96.779 (1)° Black

v = 103.117 (1)°
V=13796.3(2) A’
=1

N

D, = 1.380 Mg m~*
D., not measured

Data collection

Siemens SMART CCD 8204 reflections with

diffractometer 1> 20
w scans Rim = 0.028
Absorption correction: Omax = 23.23°
empirical (SADABS; h=-16 — 16

Sheldrick, 1996) k=-16 - 13
Toin = 0.649, Trax = 0.768 1= —18 — 21
14 995 measured reflections
10 619 independent
reflections

Refinement

Refinement on F?

RIF? > 20(F%)] = 0.035

wR(F?) = 0.085

§=0.971

10 619 reflections

900 parameters

H atoms constrained

w = U[cX(F2) + (0.0348P)%]
where P = (F} + 2F%)/3

(A/O')max < Ooql

Apmax =074 e A:3

Apon = —0.80 e A~}

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A, °)

La—O! 2.399(2) Ol—PI 1.507 (3)
La—02 2,400 (3) 02—P2 1.506 (3)
La—03 2.425(2) 03—P3 1.508 (3)
La—0O4 2.394(2) 04—P4 1.517.(3)
La—Ol11 2.612(3) Ni—S1 2.2236(12)
La—O12 2.577(3) Ni—S2 2.2043(12)
La—021 2.638(3) S1—-Cl 1.733 (4)
La—022 2.579 (3) S2—Cl1 1.715 (4)
N1—Ol1 1.271 (4) Cl—C2 1.382(6)
N1—O12 1.274 (4) C2—C4 1.415(7)
N1—Ol13 1.217(4) c2—C3 1.416(7)
N2—021 1.272(4) C3—N3 1.152(6)
N2—022 1.255(4) C4—N4 1.146 (6)
N2—023 1.221(4)

Ol—La—02 100.23 (9) 04—La—03 86.31(9)
O1—La—03 94.49 (9) S2'—Ni—S2 180.00 (6)
02—La—03 151.67 (9) S2'—Ni—S1' 78.07 (4)
04—La—01 154.26 (9) S2—Ni—S1* 101.93 (4)
04—La—02 90.59 (9) S2—Ni—S|I 78.07 (4)
Symmetry code: (i) | —x, —1 — y, —z.

Data collection: SMART (Siemens, 1996). Cell refinement:
SMART. Data reduction: SAINT (Siemens, 1994a). Program(s)
used to solve structure: SHELXTL (Siemens, 1994b). Pro-
gram(s) used to refine structure: SHELXTL. Molecular graph-
ics: SHELXTL. Software used to prepare material for publica-
tion: SHELXTL.
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Abstract

The triphenyltin—azide anion of the title tetraphenyl-
arsonium salt, [As(C¢Hs)4][Sn(CeHs)3(N3)21, shows ap-
proximately trigonal-bipyramidal coordination geometry

© 1999 International Union of Crystallography
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[La(NO;)2(C 3H;50P)4]>[Ni(C4N>S;),]-2CH40

around the metal ion, with the azide moieties in axial
positions having equal bond distances [Sn—N 2.278 (5)
and 2.281 (6) A] but different bond angles [Sn—N—N
117.4 (4) and 125.2 (5)°] to the tin. The cation has its
usual tetrahedral geometry.

Comment

Previously, we synthesized and characterized by
Mossbauer and vibrational spectroscopy tetraphenyl-
arsonium and tetramethylammonium salts of the
complex anions [PhiSn(N3).]~, [Ph;Sn(N;}(NCS)]~,
[Me;Sn(N3)4]>~ and [Ph>Sn(N3),(NCS).]*~ (Barbieri
et al., 1975). Trigonal-bipyramidal structures have been
suggested for Ph;Sn'Y with apical pseudohalide ligands,
while for the R,Sn'Y derivatives, trans octahedral geom-
etries have been assumed (R = Me, Ph).

The X-ray structure determination of [(C¢Hs)4P]>-
[Sn(N3)sMe:] (Halfpenny, 1995) confirmed the Moss-
bauer results for the octahedral geometry, while the
trigonal-bipyramidal structure with the azide groups in
axial positions has been found in the X-ray structures of
piperidinium and quinuclidinium [Ph3;Sn(N3),] (Wharf
et al., 1997). In the latter, the azide groups are not
equivalent, with different Sn—N bond distances due
to hydrogen-bond interactions with the cations. These
results indicated that a compound without protonated
cations should provide interesting information. Accord-
ingly, we now describe the X-ray structure of the title
compound, (I).

0 Qs
&5 6O

The anion has the expected trigonal-bipyramidal co-
ordination geometry around the Sn atom, with the azide
ligands in axial positions and equivalent in their Sn—N
and N—N bond lengths (Fig. 1 and Table 1). In fact,
the Sn—N bond distances are equal and their values
are intermediate between those found for asymmetric
bonding in the protonated derivatives, which vary from
2.216(3) to 2.396(2) A in the piperidinium salt and
from 2.226 (4) to 2.371 (4) A in the quinuclidinium salt
(Wharf et al., 1997). The azide ligands are coordinated
with the difference in Sn—N-—N angles probably result-
ing from packing requirements rather than from different
resonance forms of the azide ligands because N,—Ng
and Ng—N., are the same in the two azide ligands. The
present structure has no significant non-bonded contacts,
the shortest is an intramolecular contact of 2.45 A be-
tween N1 and H—C14 of the coordinated phenyl ligand,
while the shortest interionic contact is N6'- - -H40—C40

. 2,
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