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The Bis[N-(diphenylphosphanylselenoyl)-P,P-diphenylphos- spectrometry and elemental analysis. The molecular
structure was determined using single-crystal X-rayphanylselenoic amidato-Se,Se9]selenium(II) (1) was prepared

by treating [K{N(SePPh2)2}] with [Se{S2P(O-iPr)2}2] in THF. diffraction. The Se(Se4) core exhibited a quasi perfect square
planar geometry. Two selenide ligands are coordinatedThe title compound was characterized by means of IR and

31P-NMR spectroscopy and positive-ion FAB mass symmetrically to the central atom forming a spiro complex.

Introduction tetraphenyldithiodiphosphinate anion as a chelating ligand
with a very large bite, in order to synthesis true squareThe extraordinary ability of the anions
planar complexes (class V) with TeII and SeII. They ob-[R2P(X)NP(X)R2]2 (R 5 Me, Ph; X 5 O, S, Se) to form
tained [Te{N(SPPh2)2-S,S9}2] [3] which was a true squarevery unusual carbon-free chelate complexes is well known.
planar TeII compound (a class-V complex), while the struc-Some examples are the tetrahedral [M{N(SPMe2)2-S,S9}2]
ture of the selenium analogous compound, [Se{N(SPPh2)2-(M 5 Ni, Fe)[1], the six-coordinated lanthanide complexes
S,S9}2], was intermediate between class I and class II, yet[Ln{N(OPPh2)2-O,O9}2] [2], the true square planar tel-
much closer to a class-II complex[6].lurium(II) complex [Te{N(SPPh2)2-S,S9}2] [3] and recently

The number of compounds where the selenium atom isthe square planar tin(II) complex [Sn{N(SePPh2)2-
surrounded by four selenium atoms [Se(Se4) core] are quiteSe,Se9}2] [4] with the first example of such a geometry for
scarce. The bis(N,N-diethyldiselenocarbamate)SeII is aSnII. The great flexibility of these chelate rings with wide
class-I trapezoid planar complex[7]. The bis(diethyldiseleno-variations in the ring angles (P2N2P, M2X2P, X2P2N)
phosphinate)SeII is a class-II complex[8]. The low-tempera-and large bites X···X enables the central atom to “reveal”
ture 77Se-NMR solution data of the analogous bis(diisobu-its preference for a particular geometry, since there is no
tildiselenocarbamate) of SeII suggests a four-coordinatedrestrictions imposed by the presence of rigid organic rings,
structure[9]. Another example with bidentate ligands corre-e. g. the β-diketonates, or small rings, with great stereo-
sponds to the dianionic complex [(Bu4N)2{Se[Se2C5chemical restrictions, like the dithiophosphates or dithio-
C(CN)2]2}], with intrachelating Se2Se2Se angles of 75°phosphinates.
and an SeSe4E2 (E 5 lone pair) distorted octahedral ge-Twenty years ago, Husebye et al. classified five types of
ometry[10]. Several examples of polyselenide derivativesgeometries for divalent sulphur, selenium and tellurium
containing the anion [Se{Se5}2]22 are known. This anioncomplexes with bidentate dithio and related ligands[5].
exhibits a geometry close to the square planar one[11]. TheComplexes of class I are trapezoid planar tetracoordinated
square planar Se5 moiety with monodentate ligands was ob-with all intramolecular ligand bonds. Class-II compounds
served in tetrakis[N-methylbenzothiazole)-3H-selenone]se-are also trapezoid planar, however two of the ligand bonds
lenium(II) tetrafluoroborate (class-IV complex)[12]. How-are intramolecular and the other two intermolecular. Class-
ever, there are no examples of neutral true square planarIII compounds are mainly represented by the bis(4-mor-
neutral complexes containing the Se(Se4) core and bidentatepholinethiocarbonyl) trisulfide with a “zigzag” framework;
ligands (a class-V complexes) in the literature.trans square planar complexes with monodentate ligands

correspond to class IV and bidentate square planar mo- We decided to synthesise the compound [Se{N(SePPh2)2-
Se,Se9}2] to determine whether it is a class-V complex, orlecules to class V. In 1982, Husebye et al. used the imido-
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isotructural with [Se{N(SPPh2)2-S,S9}2] (a class-II com- its a low-intensity signal for the corresponding molecular

ion, but rather intense peaks resulting from the expectedpound).
first fragmentations. The most intense peak containing

Results and Discussion selenium corresponds to [Se(PPh2)2N1]. Since the FAB
mass spectrum was obtained in solution, it also showsTreatment of [K{N(SePPh2)2}] with [Se{S2P(O-iPr)2}2] in
some fragments due to a decomposition product, e.g.THF at room temperature, yielded [Se{N(SePPh2)2-
[{Ph2P(Se)NP(Ph2)}2O; m/z: 944 and 864]. All the observedSe,Se9}2] (1). The compound was purified by thin layer
signals exhibit the expected isotopic pattern.chromatography. Attempts of purification by normal

recrystallization methods were unsuccessful because the
Description of the Structurecompound tends to decompose giving red selenium, free li-

gand, and other compounds. Derivative 1 was characterized The structure is built of discrete neutral [Se{N(SePPh2)2-
on the basis of its elemental analysis and its 31P-NMR, IR Se,Se9}2] molecules, the central selenium atom is coordi-
and positive-ion FAB MS data and by X-ray crystallogra- nated to four other selenium atoms, forming two six-mem-
phy. It is a yellow-orange, air-stable solid, that tends to de- bered carbon-free chelate rings, in a typical spiro arrange-
compose in solution, soluble in polar organic solvents such ment. There are two crystallographically independent mol-
as CHCl3, yet insoluble in ethanol or hexane. ecules in the cell (1a and 1b). According to the cell param-

eters, 1 is isomorphic with the yellow [Sn{N(SePPh2)2-
Se,Se9}2] [a 5 10.124(5), b 5 13.085(4), c 5 18.260 Å, α 5
89.42(2), β 5 82.75(2) , γ 5 77.62(2)° ] [4] and
[Te{N(SPPh2)2-S,S9}2] [a 5 10.187(1), b 5 12.929(5), c 5
18.282(3) Å, α 5 89.04(2) , β 5 82.98(1) , γ 5 77.40(2)° ] [3].
Figure 1 presents the inner coordination sphere, with angles
and distances for molecules 1a and 1b, whereas Figure 2

31P-NMR spectra show that all phosphorus atoms are
equivalent. As with other main-group complexes with this

Figure 1. The inner coordination sphere in 1a and 1bligand, in the IR spectrum the assignments of the phos-
phazene bands were relatively easy, after identification of
the usual phenyl group bands common to the [(PPh2X)2N]-

ligands[13] . Individual assignments of the ν(PSe) bands is
not fully possible because of the overlap with the corre-
sponding PNP vibrations.

To date, few P2Se vibrations have been clearly as-
signed[14]. The FAB mass spectrum of the compound exhib-

Figure 2. ORTEP plot of 1a and 1b, independent molecules of [Se{N(SePPh2)2-Se,Se9}2]

Eur. J. Inorg. Chem. 1998, 1573215761574



First Neutral Spiro Selenium(II) Complex Containing a True Square Planar Se(Se4) Core FULL PAPER
chromatographic separated portion). Crystals suitable for X-rayshows the molecular structures and atomic labelling scheme
crystallography were obtained by solvent diffusion in a chloroform/of compound 1.
n-hexane mixture at room temperature. 2 31P NMR (CDCl3): δ 5The most remarkable feature of the structure is the
34.35 (s). 2 IR (KBr): ν̃ 5 3053 cm21 w [νCH)], 1211 s [νP2N)],square planar character of the selenium coordination
1177 s [ν(P2N)/δ(CH)], 744 m [ν(P2N)], 689 vs [f(CC), Ph], 532sphere. The SeSe4 core is coplanar [Σ{Se2Se2Se} 5 360° ]
vs [γ(PNP)/ν(P2Se)]. 2 MS (FAB1, CHCl3, for 80Se); m/z: 1164

with trans-Se2Se2Se angles of 180.0(1)°. There is a slight [M1], 1087 [M 2 Ph1], 622 [Se{N(SePPh2)2}1], 544 [(SePPh2)2-
asymmetry in the Se2Se bond lengths in both molecules N 1], 464 [Se(PPh2)2N1], 384 [(PPh2)2N1], 307 [(Ph2PNPPh1]. 2
[long ones of 2.678(1) and 2.663(1) Å and short ones of C48H40N2P4Se5 (1163.5): calcd. C 49.55, H 3.46; found C 49.11, H
2.646(1) and 2.643(1) for 1a and 1b, respectively]. These val- 3.36. 2 Mol. mass 1164 (FAB MS; CH3Cl for 80Se).
ues are similar with those found in polyselenide anions[14].

Crystal-Structure Analysis: Data collection was performed atThe Se···Se bite of 3.708(2) Å is intermediate between the
room temperature with a Siemens P4 four-circle diffractometer byvalues of 3.667(4) and 3.771(3) Å found in [Te{N(SPPh2)2-
using graphite-monochromated Mo-Kα radiation (( 5 0.71073 Å).

S,S9}2]. As in [Sn{N(SePPh2)2-Se,Se9}2], the main differ- Crystal Data: C48H40N2P4Se5, M 5 1163.5, orange prisms, 0.24 3
ence between molecules 1a and 1b lies in the Se2Se2P an- 0.20 3 0.12 mm; triclinic, space group P1̄ (No. 2), a 5 10.158(2),
gle [96.3(1) and 88.7(1)° for 1a, and 97.1(1) and 96.9(1)° for b 5 13.090(2), c 5 18.239(5) Å, α 5 89.42(2), β 5 82.56(2), γ 5
1b]. The values of the P2N2P angles for 1a and 1b, 77.72(2)°, V 5 2349.4(1) Å3, Z 5 2, Dx 5 1.645 Mg m23, µ(Mo-
[139.5(5) and 136.4(5)° ] are also extraordinary large 2 Kα) 5 4.070 mm21, T 5 293 K, F(000) 5 1144, number of reflec-

tions: 8742 (8231 independent, Rint 5 0.048), R(F) 5 0.041,larger than that found in the free ligand [132.3(2)°] [14]. Since
wR(F) 5 0.034 (536 parameters). Structure Solution and Refine-it is expected that the coordination of the donor atoms
ment: The structure was solved by direct methods and refined byshould contract the angle, the opening is indicative of the
full-matrix least-squares calculations using the program systemhigh flexibility of the P2N2P system and explains the
SHELXTL-Plus (PC-version)[18]. Absorption effects were cor-ability of this ligand to form unusual structures. The endo-
rected by face-index numerical methods. H atoms were refined

cyclic Se2Se2Se angles [88.31(4) and 88.67(3)°] are smaller using a riding model (U 5 0.06), while non-hydrogen atoms were
than the corresponding exocyciclic ones [91.69(4) and refined anisotropically. The crystal structure data (excluding struc-
90.46(3)°]. ture factors) have been deposited with the Cambridge Crystallo-

The existence of this new neutral square planar structure graphic Data Centre as supplementary publication no. CCDC-
for a SeII compounds, demonstrates the ability of the 101279. Copies of the data can be obtained free of charge on appli-

cation to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [Fax:[Ph2P(Se)NP(Se)Ph2]2 anion to fulfill the preferences im-
int code 1 44(1223)336-033; E-mail: deposit@ccdc.cam.ac.uk].posed by the central atom, in function of the great flexi-

bility of the phosphazenic system and the soft character of
the donor atoms.
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